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IN THE NAME OF ALLAH, THE MOST COMPASSIONATE, THE 
MOST MERCIFUL, 

 

“And in the earth are tracts and (Diverse though) neighboring, gardens of vines and 

fields sown with corn and palm trees growing out of single roots or otherwise: Watered 

with the same water. Yet some of them We make more excellent than others to eat. No 

doubt, in that are signs for wise people.” 

                                                                                                  (Sura Al Ra’d, Ayat 4) 

 

 



             
         

 

 

Table of Contents 

 Acknowledgments……………………………………………… ………i-ii 

 List of abbriviations…………………………………………………..iii-vii 

 List of tables……………………………………….………..………viii-xiii 

 List of figures…………………………………………………...…..xiv-xvi 

 Abstract………………………………………………………….. xvii-xviii 

1 Introduction ................................................................................................................. 1 

 Oxidative stress and antioxidants ......................................................................... 2 1.1

 Cancer................................................................................................................... 6 1.2

1.2.1 Prostate cancer (PC) ...................................................................................... 6 

1.2.2 Breast Cancer ................................................................................................ 8 

1.2.3 Signal transduction........................................................................................ 8 

1.2.4 Medicinal plants as cancer therapeutic agents ............................................ 10 

1.2.4.1 Effect of plant derived phytochemicals in chemotherapy ....................... 11 

 Family Fabaceae or Leguminosae ...................................................................... 12 1.3

1.3.1 Genus Acacia .............................................................................................. 12 

1.3.1.1 Medicinal uses of genus Acacia .............................................................. 13 

1.3.1.2 Acacia hydaspica R. Parker .................................................................... 14 

2 Review of literature ................................................................................................... 19 

 Therapeutic plants: a reservoir of antioxidants .................................................. 19 2.1

 Plants as therapeutics in various biological assays ............................................ 22 2.2

 Anti-inflammatory, analgesic and antidepressant activities ............................... 26 2.3

 Cisplatin induce oxidative stress ........................................................................ 30 2.4

 Doxorubicin induced oxidative stress ................................................................ 37 2.5

 Natural product drug discovery .......................................................................... 43 2.6

2.6.1 Bioassay guided fractionation and isolation of active compounds ............. 44 

2.6.2 Methods for the isolation of phytochemicals .............................................. 45 

2.6.2.1 Collection and identification of plant material ........................................ 45 

2.6.2.2 Extraction of plant materials ................................................................... 46 

2.6.2.2.1 Drying and grinding the plant material .............................................. 46 

2.6.2.2.2 Extraction solvent and procedure ...................................................... 46 



             
         

 

 

2.6.2.3 Column chromatographic isolation techniques ....................................... 47 

2.6.2.3.1 Vacuum liquid chromatography (VLC) ............................................. 47 

2.6.2.3.2 Flash chromatography (FC) ............................................................... 47 

2.6.2.3.3 High performance liquid chromatography (HPLC) ........................... 48 

2.6.2.3.4 Gas chromatography (GC) ................................................................. 48 

2.6.2.4 Characterization and structure elucidation of isolated compounds ......... 49 

2.6.2.4.1 Nuclear magnetic resonance (NMR) spectroscopy ........................... 49 

2.6.2.4.2 Mass spectrometry ............................................................................. 49 

2.6.2.5 Preclinical and clinical studies ................................................................ 50 

3 Material and methods ................................................................................................ 52 

 Plant collection ................................................................................................... 52 3.1

 Preparation of extract ......................................................................................... 52 3.2

 Fractionation....................................................................................................... 52 3.3

 Screening of A. hydaspica Phytoconstituents .................................................... 55 3.4

3.4.1 Qualitative phytochemical analysis ............................................................ 55 

3.4.1.1 Alkaloids ................................................................................................. 55 

3.4.1.2 Flavonoids ............................................................................................... 55 

3.4.1.3 Tannins .................................................................................................... 55 

3.4.1.4 Anthraquinones ....................................................................................... 55 

3.4.1.5 Pholobatanins .......................................................................................... 56 

3.4.1.6 Saponins .................................................................................................. 56 

3.4.1.7 Terpenoids ............................................................................................... 56 

3.4.1.8 Coumarins ............................................................................................... 56 

3.4.1.9 Steroid/terpenoids.................................................................................... 56 

3.4.1.10 Reducing sugars ................................................................................... 56 

3.4.1.11 Cardiac glycosides ............................................................................... 57 

3.4.2 Quantitative valuation of phytochemicals .................................................. 57 

3.4.2.1 Estimation of total phenolic content (TPC)............................................. 57 

3.4.2.2 Estimation of total flavonoid content (TFC) ........................................... 57 

 Gas chromatography-mass spectroscopy (GC-MS) analysis ............................. 58 3.5

 Quantification of phenolics and flavonoids by HPLC-DAD analysis ............... 58 3.6



             
         

 

 

3.6.1 Chemicals and solvents ............................................................................... 58 

3.6.2 Preparation of standard for HPLC .............................................................. 58 

3.6.3 Preparation of samples for HPLC ............................................................... 58 

3.6.4 Chromatographic condition ........................................................................ 59 

 Mineral analysis ................................................................................................. 59 3.7

 In vitro antioxidant capacity assessment ............................................................ 60 3.8

3.8.1 DPPH radical scavenging activity assay ..................................................... 60 

3.8.2 Superoxide anion radical quenching assay ................................................. 61 

3.8.3 Hydroxyl radical quenching activity ........................................................... 61 

3.8.4 Hydrogen peroxide radical quenching assay .............................................. 61 

3.8.5 ABTS radical scavenging activity .............................................................. 62 

3.8.6 Iron chelating power ................................................................................... 62 

3.8.7 β- Carotene bleaching test ........................................................................... 63 

3.8.8 Anti-lipid peroxidation analysis .................................................................. 63 

3.8.9 Total antioxidant capacity (TAC) (Phosphomolybdate assay) ................... 64 

3.8.10 Reducing power assay................................................................................. 64 

 Anti-hemolytic activity ...................................................................................... 64 3.9

 Antibacterial assay ............................................................................................. 65 3.10

 Antifungal assay ................................................................................................. 66 3.11

 Cytotoxicity Screening of AHM and its derived fractions ................................. 67 3.12

3.12.1 Brine shrimp lethality assay (BSLA) .......................................................... 67 

3.12.2 Cytotoxicity of AHM and its derived fractions against cancer cell lines ... 68 

 Acute toxicity evaluation in rats......................................................................... 70 3.13

 Pharmacological activities.................................................................................. 70 3.14

3.14.1 Antipyretic activity ..................................................................................... 70 

3.14.2 Anti-inflammatory activity ......................................................................... 71 

3.14.2.1 Carrageenan induced paw edema ........................................................ 71 

3.14.2.2 Prostaglandin E2-induced paw edema ................................................. 71 

3.14.3 Analgesic activity........................................................................................ 71 

3.14.3.1 Acetic acid induced writhing test ........................................................ 71 

3.14.3.2 Hot plate test ........................................................................................ 72 



             
         

 

 

3.14.4 Antidepressant activity................................................................................ 73 

3.14.4.1 Forced swim test (FST) ....................................................................... 73 

3.14.4.2 Tail suspension test (TST) ................................................................... 73 

 Evaluation of A. hydaspica against drug induce toxicity ................................... 73 3.15

3.15.1 Animals ....................................................................................................... 73 

3.15.2 Drug injections and plant dose preparation ................................................ 74 

3.15.3 Experimental plan for Cisplatin (CP) induced toxicity studies .................. 74 

3.15.4 Experimental plan for Doxorubicin (DOX) induced toxicity studies ......... 74 

3.15.5 Sample collection ........................................................................................ 75 

3.15.6 Histopathological examination by light microscopy .................................. 76 

3.15.7 Biochemical investigations ......................................................................... 76 

3.15.7.1 Urine analysis ...................................................................................... 76 

3.15.7.2 Serum analysis ..................................................................................... 76 

3.15.7.2.1 Urea concentration estimation ......................................................... 76 

3.15.7.2.2 Assessment of creatinine and creatinine clearance .......................... 77 

3.15.7.2.3 Assessment of total protein .............................................................. 77 

3.15.7.2.4 Evaluation of albumin ...................................................................... 78 

3.15.7.2.5 Evaluation of globulin...................................................................... 78 

3.15.7.2.6 Determination of bilirubin ............................................................... 78 

3.15.7.2.7 Determination of serum Triglycerides ............................................. 79 

3.15.7.2.8 Determination of serum cholesterol ................................................. 80 

3.15.7.2.9 Estimation of high density lipoprotein (HDL) ................................. 81 

3.15.7.2.10 Estimation of low density lipoprotein (LDL) ................................ 81 

3.15.7.2.11 Estimation of serum alanine transaminase (ALT) ......................... 81 

3.15.7.2.12 Estimation of Aspartate transaminase (AST) ................................. 82 

3.15.7.2.13 Estimation of alkaline phosphatase (ALP) ..................................... 83 

3.15.7.2.14 Lactate dehydrogenase (LDH) ....................................................... 83 

3.15.7.2.15 Blood urea nitrogen (BUN) profile ................................................ 84 

3.15.7.2.16 Nitrite assay .................................................................................... 84 

3.15.7.2.17 Estimation of serum CK ................................................................. 84 

3.15.7.2.18 Estimation of serum CK-MB ......................................................... 85 



             
         

 

 

3.15.7.3 Immunoassay ....................................................................................... 85 

3.15.7.3.1 Testosterone determination .............................................................. 85 

3.15.7.3.2 Determination of follicle stimulating hormone (FSH)..................... 86 

3.15.7.3.3 Determination of luteinizing hormone (LH) .................................... 86 

3.15.7.4 Assessment of tissue biochemical parameters ..................................... 87 

3.15.7.4.1 Protein assessment ........................................................................... 88 

3.15.7.4.2 Catalase (CAT) activity ................................................................... 88 

3.15.7.4.3 Peroxidase (POD) activity ............................................................... 88 

3.15.7.4.4 Superoxide dismutase (SOD) activity .............................................. 88 

3.15.7.4.5 Quinone reductase assay (QR) ......................................................... 89 

3.15.7.4.6 Reduced glutathione (GSH) estimation test ..................................... 89 

3.15.7.4.7 Activity of Glutathione-S-transferase (GST) ................................... 89 

3.15.7.4.8 Glutathione reductase assay (GR) .................................................... 90 

3.15.7.4.9 Glutathione peroxidase assay (GPx) ................................................ 90 

3.15.7.4.10 γ-Glutamyl transpeptidase (γ-GT) ................................................. 90 

3.15.7.4.11 Hydrogen peroxide assay ............................................................... 91 

3.15.7.4.12 Nitrite assay .................................................................................... 91 

3.15.7.4.13 Lipid peroxidation assay (TBARS/LPO) ....................................... 91 

 Bioassay guided fractionation and isolation of lead compound A. hydaspica ... 92 3.16

3.16.1.1 General procedure and reagents .......................................................... 92 

 Bioassay guided fractionation of AHE............................................................... 93 3.17

3.17.1 Vacuum liquid chromatography ................................................................. 93 

3.17.2 Flash liquid chromatography (FC) .............................................................. 93 

3.17.3 HPLC-DAD Screening ............................................................................... 94 

 Bioassay guided isolation of lead compounds from AHB ................................. 95 3.18

3.18.1 Vacuum liquid chromatography ................................................................. 95 

3.18.2 Sephadex LH 20 column chromatography ................................................. 95 

3.18.3 Semi-preparative Rp HPLC chromatography……………………………..95 

 Nuclear magnetic resonance spectroscopy (NMR) ............................................ 96 3.19

 Mass spectroscopy.............................................................................................. 96 3.20

 Bioassays selected for bioassay guided isolation of lead compounds ............... 98 3.21



             
         

 

 

3.21.1 Antioxidant testing of isolated fractions ..................................................... 98 

3.21.2 Antimicrobial screening of isolated fractions ............................................. 98 

3.21.3 Cytotoxic activity screening of isolated fractions ....................................... 99 

3.21.3.1 Sample preparation .............................................................................. 99 

3.21.3.2 Cell culture .......................................................................................... 99 

3.21.3.3 Cell viability assay............................................................................. 100 

 Antioxidant screening of compounds isolated from A. hydaspica ................... 100 3.22

3.22.1 DPPH radical quenching potential ............................................................ 100 

3.22.2 Hydroxyl radical quenching potential ....................................................... 100 

3.22.3 Nitric oxide radical quenching potential ................................................... 101 

3.22.4 Total antioxidant capacity (TAC) (Phosphomolybdate assay) ................. 101 

3.22.5 Ferric reducing antioxidant potency (FRAP) ............................................ 101 

 Anticancer activity of compounds isolated from A. hydaspica ........................ 101 3.23

3.23.1 Cell viability assay .................................................................................... 102 

3.23.2 Analysis of cellular morphological alterations ......................................... 102 

3.23.3 Apoptosis detection by fluorescence microscopy ..................................... 102 

3.23.3.1 Nuclear morphological analysis by DAPI ......................................... 102 

3.23.3.2 Acridine orange (AO)/ethidium bromide (EB) dual staining ............ 103 

3.23.3.3 Propidium iodide (PI) staining .......................................................... 103 

3.23.4 Clonogenic survival assay......................................................................... 103 

3.23.5 Western blot analysis ................................................................................ 103 

 Data analysis .................................................................................................... 104 3.24

4 Results ..................................................................................................................... 105 

 Phytochemical assessment ............................................................................... 105 4.1

4.1.1 Extraction yield ......................................................................................... 105 

4.1.2 Qualitative phytochemical screening ........................................................ 105 

4.1.3 Quantitative estimation of total phenolic and flavonoid content .............. 106 

4.1.4 GC-MS analysis of A. hydaspica .............................................................. 106 

4.1.5 HPLC-DAD analysis ................................................................................ 107 

4.1.5.1 HPLC-DAD profile of Standards .......................................................... 107 

4.1.5.2 HPLC-DAD profile of A. hydaspica ..................................................... 107 



             
         

 

 

 Mineral analysis ............................................................................................... 108 4.2

 In vitro bioactivity analysis .............................................................................. 121 4.3

4.3.1 Antioxidant activity assessment ................................................................ 121 

4.3.1.1 DPPH radical scavenging activity ......................................................... 121 

4.3.1.2 Superoxide radical scavenging activity ................................................. 121 

4.3.1.3 Hydroxyl radical scavenging activity .................................................... 122 

4.3.1.4 Hydrogen peroxide radical scavenging activity .................................... 122 

4.3.1.5 ABTS radical scavenging assay ............................................................ 122 

4.3.1.6 Chelating activity on Fe2+ .................................................................... 123 

4.3.1.7 β-Carotene bleaching inhibition ............................................................ 123 

4.3.1.8 Anti-lipid peroxidation potential ........................................................... 124 

4.3.1.9 Total antioxidant capacity assay (TAC) ................................................ 124 

4.3.1.10 Reducing power ................................................................................. 124 

 Antibacterial activity ........................................................................................ 129 4.4

4.4.1 Zone of inhibition ..................................................................................... 129 

4.4.2 Minimum inhibitory concentration (MIC) ................................................ 130 

 Antifungal activity............................................................................................ 130 4.5

 Anti-hemolytic activity .................................................................................... 130 4.6

 Cytotoxicity assays ........................................................................................... 131 4.7

4.7.1 Cytotoxicity brine shrimp lethality assay ................................................. 131 

4.7.2 MTT assay ................................................................................................ 131 

 Pharmacological activities................................................................................ 136 4.8

4.8.1 Antipyretic activity ................................................................................... 136 

4.8.2 Anti-inflammatory activity ....................................................................... 136 

4.8.2.1 Carrageenan induced paw edema .......................................................... 136 

4.8.2.2 Prostaglandin E2 induced paw edema ................................................... 136 

4.8.3 Analgesic effect ........................................................................................ 136 

4.8.3.1 Peripheral analgesic activity (Acetic acid induced writhing test) ......... 136 

4.8.3.2 Central analgesic effect (Hot plate method/Thermal stimulation) ........ 137 

4.8.4 Antidepressant activity.............................................................................. 137 

4.8.4.1 Effect of A. hydaspica on forced swim test (FST) ................................ 137 



             
         

 

 

4.8.4.2 Effect of A. hydaspica on tail suspension test (TST) ............................ 138 

 In vivo protective effect of A. hydaspica against chemotherapeutic drugs 4.9

induced toxicity ........................................................................................................... 145 

4.9.1 Estimation of acute toxicity ...................................................................... 145 

4.9.2 General toxicity ......................................................................................... 145 

 Cisplatin induce toxicity................................................................................... 145 4.10

4.10.1 Body and organ weights............................................................................ 145 

4.10.2 Protective effect of AHE on lipid profile .................................................. 146 

 The protective effect of AHE against Cisplatin induced hepatotoxicity .......... 146 4.11

4.11.1 Effect of AHE on liver serum biomarkers ................................................ 146 

4.11.2 Effect of AHE on hepatic antioxidant enzymatic status and GSH profile 147 

4.11.3 Effect of AHE on liver protein and oxidative stress markers ................... 148 

4.11.4 Histopathology assessment of liver .......................................................... 149 

 Protective effect of AHE against CP induced nephrotoxicity .......................... 155 4.12

4.12.1 Urine analysis............................................................................................ 155 

4.12.2 Effect of AHE on serum kidney function tests ......................................... 156 

4.12.3 Protective effect of AHE on kidney antioxidant status ............................. 157 

4.12.4 Protective effect of AHE on oxidative stress markers .............................. 158 

4.12.5 Histopathology assessment of kidney ....................................................... 159 

 Protective effect of AHE against cisplatin induced pulmonary toxicity .......... 165 4.13

4.13.1 Protective effect of AHE on pulmonary enzymatic antioxidant status ..... 165 

4.13.2 Protective effect of AHE against CP induced oxidative stress and lipid 

peroxidation ............................................................................................................. 166 

4.13.3 Histopathology assessment of lungs ......................................................... 167 

 Protective effect of AHE against cisplatin induced testicular toxicity............. 171 4.14

4.14.1 Effect of AHE against CP induced alteration in male reproductive 

hormones. ................................................................................................................ 171 

4.14.2 Effect of AHE on enzymatic antioxidant status of testicular tissue .......... 171 

4.14.3 Effect of AHE on protein content, oxidant injury and lipid peroxidation 172 

4.14.4 Histopathology assessment of testis.......................................................... 173 

 Protective effect of AHE against cisplatin induced cardiac toxicity ................ 178 4.15

4.15.1 Effect of AHE on serum biomarkers of cardiotoxicity ............................. 178 



             
         

 

 

4.15.2 Effect of AHE on cardiac antioxidant enzyme status ............................... 178 

4.15.3 Assessment of Cardiac Protein content, Oxidative stress and Lipid 

peroxidation ............................................................................................................. 179 

4.15.4 Histopathological assessment of heart ...................................................... 180 

 Doxorubicin induced toxicity ........................................................................... 184 4.16

4.16.1 Effect of DOX and AHE on body and organ weights .............................. 184 

4.16.2 Protective effect of AHE on lipid profile .................................................. 184 

 The protective effect of AHE against DOX induced hepatotoxicity ............... 185 4.17

4.17.1 Analysis of liver serum biomarkers .......................................................... 185 

4.17.2 Effect of AHE on hepatic antioxidant enzymatic status and GSH profile 185 

4.17.3 Effect of AHE on liver protein and oxidative stress markers ................... 186 

4.17.4 Histopathology of liver ............................................................................. 186 

 The protective effect of AHE against DOX induced nephrotoxicity ............... 193 4.18

4.18.1 Urine analysis............................................................................................ 193 

4.18.2 Effect of AHE on serum kidney function tests ......................................... 194 

4.18.3 Protective effect of AHE on kidney antioxidant status ............................. 195 

4.18.4 Protective effect of AHE on renal tissue protein and oxidative stress arkers

 ……………………………………………………………………………195 

4.18.5 Histopathology of kidney .......................................................................... 196 

 Protective effect of AHE against doxorubicin induced pulmonary toxicity .... 202 4.19

4.19.1 Protective effect of AHE on pulmonary enzymatic antioxidant status ..... 202 

4.19.2 Protective effect of AHE against CP induced oxidative stress and lipid 

peroxidation ............................................................................................................. 203 

4.19.3 Histopathology assessment of Lungs ........................................................ 203 

 The effectiveness of AHE against doxorubicin impelled testicular toxicity .... 207 4.20

4.20.1 Effect of AHE on male reproductive hormones ....................................... 207 

4.20.2 Effect of AHE on enzymatic antioxidant status of testicular tissue .......... 207 

4.20.3 Effect of AHE on protein content, oxidant injury and lipid peroxidation 208 

4.20.4 Histopathology assessment of testis.......................................................... 208 

 Protective effect of AHE against doxorubicin induced cardiac toxicity .......... 214 4.21

4.21.1 Effect of AHE on serum biomarkers of cardiotoxicity ............................. 214 

4.21.2 Effect of AHE on cardiac antioxidant enzyme status ............................... 214 



             
         

 

 

4.21.3 Assessment of cardiac protein content, oxidative markers and lipid 

peroxidation ............................................................................................................. 215 

4.21.4 Histopathological examination of heart .................................................... 215 

 Isolation and structural characterization of active compounds from A. hydaspica4.22

 ………………………………………………………………………………...220 

4.22.1 VLC separation of AHE fraction .............................................................. 220 

4.22.1.1 Antioxidant screening of VLC-AHE fractions .................................. 220 

4.22.1.2 Antimicrobial screening of VLC-AHE fractions ............................... 221 

4.22.1.3 Cytotoxic screening of VLC-AHE fractions ..................................... 221 

4.22.2 Flash Liquid chromatography (ISCO) ...................................................... 224 

4.22.2.1 Antioxidant screening of ISCO fractions .......................................... 226 

4.22.2.2 Antimicrobial screening of ISCO fractions ....................................... 226 

4.22.2.3 Cytotoxic screening of ISCO fractions .............................................. 227 

 Bioassay guided fractionation and isolation of compounds from AHB........... 231 4.23

4.23.1 Vacuum liquid chromatography ............................................................... 231 

4.23.1.1 Antioxidant screening of VLC-AHB fractions .................................. 231 

4.23.1.2 Antimicrobial screening of VLC-AHB fractions .............................. 231 

4.23.1.3 Cytotoxic screening of VLC-AHB fractions ..................................... 231 

4.23.2 Sephadex LH 20 column chromatography ............................................... 233 

4.23.2.1 Antioxidant screening of Sp-AHB fractions ..................................... 233 

4.23.2.2 Antimicrobial screening of Sp-AHB fractions .................................. 233 

4.23.2.3 Cytotoxic screening of Sp-AHB fractions ......................................... 233 

4.23.2.4 HPLC analysis of Sp-AHB/F4 .......................................................... 234 

4.23.3 Semi- preparative reverse phase high performance liquid chromatography

 ……………………………………………………………………………234 

4.23.3.1 Antioxidant screening of semi-prep RP-HPLC-AHB fractions ........ 234 

4.23.3.2 Antimicrobial screening of semi-prep RP-HPLC-AHB fractions ..... 235 

4.23.3.3 Cytotoxic screening of RP-HPLC-AHB fractions............................. 235 

 Structure characterization of purified active component isolated from A.  4.24

hydaspica ..................................................................................................................... 242 

4.24.1 Compound yield ........................................................................................ 242 

4.24.2 NMR spectroscopic analysis ..................................................................... 242 



             
         

 

 

4.24.3 Analytical data of isolated compounds ..................................................... 245 

4.24.3.1 Compound 1:7-O-galloyl-(+)-catechin (GC)..................................... 245 

4.24.3.2 Compound 2: Catechin (C) ................................................................ 245 

4.24.3.3 Compound 3:  Catechin 3-O-gallate (CG) ......................................... 246 

4.24.3.4 Compound 4: Methyl gallate (MG) ................................................... 246 

 Antioxidant screening of isolated compounds ................................................. 257 4.25

4.25.1 DPPH radical scavenging test ................................................................... 257 

4.25.2 Hydroxyl radical scavenging activity ....................................................... 257 

4.25.3 Inhibition of RNS derived from nitric oxide............................................. 258 

4.25.4 FRAP assay ............................................................................................... 259 

4.25.5 Total antioxidant capacity (TAC) ............................................................. 259 

4.25.6 Relationship amongst different antioxidant variables............................... 259 

 Study of mechanism of growth inhibition and apoptosis in prostate and breast 4.26

cancer cells induced by polyphenolic compounds of A. hydaspica ............................ 263 

4.26.1 Effects of AHC compounds on cell viability ............................................ 263 

4.26.2 Morphological analysis for the detection of apoptosis or necrosis. .......... 264 

4.26.3 AHCs induce dramatic loss of clonal survival .......................................... 265 

4.26.4 Signaling pathways and survival proteins modulated by AHC treatment 271 

4.26.4.1 AHC effect on CK2, NFкB p65 and anti-apoptotic protein expression

 …………………………………   ………………………………….271 

4.26.4.2 Impact of AHCs on further signaling pathways ................................ 272 

5 Discussion ................................................................................................................ 282 

 Extraction and phytochemical analysis ............................................................ 283 5.1

 Mineral analysis ............................................................................................... 287 5.2

 In vitro bioassays .............................................................................................. 288 5.3

5.3.1 Antioxidant activity .................................................................................. 288 

5.3.1.1 DPPH radical quenching potential ........................................................ 289 

5.3.1.2 Superoxide radical quenching potential ................................................ 289 

5.3.1.3 Hydroxyl radical quenching potential ................................................... 290 

5.3.1.4 Hydrogen peroxide radical quenching potential ................................... 290 

5.3.1.5 ABTS radical scavenging assay ............................................................ 291 



             
         

 

 

5.3.1.6 Chelating activity on Fe
2+

 ..................................................................... 291 

5.3.1.7 β-Carotene bleaching inhibition ............................................................ 292 

5.3.1.8 Anti-lipid peroxidation potential ........................................................... 292 

5.3.1.9 Total antioxidant capacity assay (TAC) ................................................ 293 

5.3.1.10 Reducing power inspection ............................................................... 293 

5.3.2 Antibacterial activity ................................................................................. 294 

5.3.3 Antifungal activity .................................................................................... 296 

5.3.4 Anti-hemolytic activity ............................................................................. 297 

5.3.5 Cytotoxicity assay ..................................................................................... 298 

5.3.5.1 Brine shrimp lethality assay (BSLA) .................................................... 298 

5.3.5.2 Cytotoxicity evaluation against cancer cell lines using MTT assay ..... 299 

5.3.6 Pharmacological activities ........................................................................ 300 

5.3.6.1 Antipyretic activity ................................................................................ 300 

5.3.6.2 Anti-inflammatory activity .................................................................... 301 

5.3.6.3 Analgesic activity .................................................................................. 302 

5.3.6.4 Antidepressant potential ........................................................................ 304 

 Protective effect of A. hydaspica against chemotherapeutic drugs induced 5.4

toxicity in vivo. ............................................................................................................ 306 

5.4.1 Body and organ weight ............................................................................. 306 

5.4.2 Lipid profile .............................................................................................. 307 

5.4.3 Hepatotoxicity studies ............................................................................... 308 

5.4.4 Nephrotoxicity studies .............................................................................. 311 

5.4.5 Pulmonary toxicity .................................................................................... 314 

5.4.6 Cardiotoxicity studies ............................................................................... 317 

5.4.7 Testicular toxicity ..................................................................................... 321 

 Bioassay guided isolation of lead compounds from A. hydaspica ................... 325 5.5

5.5.1 Antioxidant activity of isolated compounds from A. hydaspica ............... 326 

5.5.2 Anticancer studies ..................................................................................... 330 

Conclusion ................................................................................................................... 335 

6 References ............................................................................................................... 339 

7     Appendices…………….…………………………………………...…………400-414 



             
         

i 

 

 ACKNOWLEDGEMENTS 

All praise to Allah Almighty, the most beneficent, the most merciful, who gave me 

strength and enabled me to undertake and execute this research task. Countless 

salutations upon the Holy Prophet Hazrat Muhammad (صلى هللا عليه و آله وسلم), the city 

of knowledge for enlightening with the essence of faith in Allah and guiding the 

mankind, the true path of life.   

I would like to extend my deepest appreciation to those people, who helped me in one 

way or another to finish the task at hands, this thesis manuscript. By that time, I worked 

with a great number of people whose contribution in assorted ways to research and the 

making of the thesis deserved special mention. It is a pleasure to convey my gratitude to 

all of them in my humble acknowledgment. 

I am obliged to Dr. Bushra Mirza, Chairperson, Department of Biochemistry, Faculty of 

Biological Sciences, Quaid-i-Azam University, Islamabad for extending the research 

facilities of the department to accomplish this work. 

I feel highly privileged in taking opportunity to express my deep sense of gratitude to Dr. 

Muhammad Rashid Khan, Associate Professor, Department of Biochemistry, Faculty 

of Biological Sciences, Quaid-i-Azam University, Islamabad for his scholastic guidance 

and valuable suggestions throughout the study and presentation of this manuscript. I am 

thankful to him for his inspiration, reassurance and counseling throughout the research 

period. 

I am also thankful to Dr Khalil Ahmad, Dr Janeen Trembley and Dr Betsy Kren from 

Dept. of Laboratory Medicine and Pathology, Dr Christine Salomon from Center of 

Drug Design, University of Minnesota for their fruitful guidance and support for my 

research work. 

I am grate full to my colleague and friend Dr. Maria for her support and guidance 

throughout my research work. 

I am very thankful to my lab fellows Naima, Jasia, Javaid Bhai, Umbreen, Bushra, Dr. 

Naseer, Shafi Ullah, Moneeba, Majid, Saima, zartash, Asad and all lab Juniors  for 



             
         

ii 

 

their suggestions, cooperation and necessary guidance. Furthermore, special thanks to 

Abdul Hameed Khan for his support and prayers. 

I would like to acknowledge Higher Education Commission of Pakistan for providing 

Research funds and Scholarship, and clerical staff of Department of Biochemistry 

especially to Tariq Bhai for his assistance.  

My Loving and supporting Husband deserves special mention for his inseparable 

support, encouragement and sacrifices. From the start until the accomplishment of this 

manuscript, he has been my source of strength and love. It wouldn’t have been this 

bearable if I didn’t have him in my life.   

Last but not least all goes to my loving Mother and Father, my caring Father In-law, 

and sweet Mother In-law who deserves special mention for their unconditional support 

with my studies. I am honored to have them as my parents. Thank you for giving me a 

chance to prove and improve myself through all walks of my life.   

Bundles of thanks to my sisters and brothers specially Dr. Yasir for being my support 

system and constantly reminding me to take care of myself.  

Finally, I would like to thank everybody who was important to the successful completion 

of thesis, as well as expressing my apology that I could not mention personally one by 

one.                                                                                                                                                                    

                                                                                                                 Tayyaba Afsar 

 

 



             
         

 
   iii 

 

 LIST OF ABBREVIATIONS 

Abbreviations                                    Full name 

µg                                                        Micro gram 

µl     Micro liter 

µM     Micromolar 

α     alpha 

β                                                          Beta 

к     kappa 

δ     Chemical shift 

λ     wavelength 

d     doublet 

~     Similar 

<     Less then 

>     Greater then 

ABTS                                                  2, 2 azobis, 3-ethylbenzothiozoline-6-sulphonic 

                                      acid  

ACN                                                    Acetonitrile 

AHA     Acacia hydaspica aqueous fraction 

AHB     Acacia hydaspica n-butanol fraction 

AHC     Acacia hydaspica chloroform fraction 

AHE     Acacia hydaspica ethyl acetate fraction 

AHH     Acacia hydaspica n-hexane fraction 

AHM     Acacia hydaspica methanol extract 

Al2O3     Aluminium oxide 

ALP                                                    Alkaline phosphatase 

ALT                                                     Alanine transaminase 

APCI     Atmospheric Pressure Chemical Ionization 

ASA                                                    Ascorbic acid 

AST                                                    Aspartate transaminase 

AT10                                                   Agrobacterium tumefaciens 10 

ATP                                                    Adenosine triphosphate 

BaCl2                                                  Barium chloride 

BaSO4                                                 Barium sulphate 



             
         

 
   iv 

 

BHT                                                    Butylated hydroxyl toluene 

BSA                                                    Bovine serum albumin 

BSLA                                                  Brine shrimp lethality assay 

BUN                                                    Blood urea nitrogen 

b.w.                                                      Body weight 

°C                                                        Centigrade 

CAT       Catalase 

CCl4                                                     Carbon tetrachloride 

Cc                                                        Creatinine concentration 

Cd                                                        Cadmium 

CFU                                                     Colony forming unit 

CK                                                       Creatine kinase 

CK2     Casein kinase II 

CK-MB                                               Creatine kinase dimer 

COSY     Correlation Spectroscopy 

Co                                                       Cobalt 

Cr                                                        Chromium 

Cs                                                        Creatinine concentration of sample 

Cu                                                       Copper 

CU                                                      Creatinine concentration of urine 

CuSO4                                                Copper sulphate 

CYP450              Cytochrome P-450 

dH2O                                                  Distilled water 

D     Dimension 

DAPI     4ʹ, 6-Diamidino-2-Phenylindole  

DEPT     Distortionless Enhancement by Polarization  

                                                            Transfer 

dl                                                        Deci liter 

DMSO                                                Dimethyl sulfoxide 

DNA                                                   Deoxyribonucleic acid 

DPA                                                    Diphenylamine 

DPPH                                                  1, 1-diphenyl-2-picryl-hydrazyl 

DTNB                                                 5, 5-dithiobis-2-nitrobenzoic acid 



             
         

 
   v 

 

E2                                                        Estradiol 

EC50     Effective concentration causing 50% inhibition 

ERK     Extracellular-Regulated Kinase   

ESI     Electrospray ionization 

FC     Flash chromatography 

Fe                                                        Iron 

FeCl2                                                   Ferrous chloride 

FeCl3                                                   Ferric chloride 

FeSO4-EDTA                                     Ferrous sulphate EDTA 

FSH                                                    Follicle stimulating hormones 

g                                                         Gram 

GAE                                                   Gallic acid equivalent 

GC                                                      Gas chromatography 

GC-MS    Gass chromatography mass spectrophotometry 

GSH                                                    Glutathione 

GPx                                           Glutathione peroxidase 

GR     Glutathion reductase 

GST     Glutathione-S-transferase 

γ-GT                          Gamma glutamyl transaminase 

H&E     Hematoxylin and Eosin 

H2O2     Hydrogen peroxide 

H2SO4    Sulphuric acid 

HCl     Hydrochloric acid 

HDL     High density lipoprotein 

HPLC     High performance liquid chromatography 

HMBC     Heteronuclear Multiple-bond Correlation 

HMQC    Heteronuclear Multiple-Quantum Correlation   

HSQC     Heteronuclear Single Quantum Correlation      

i.p.     Intraperitoneal 

IC50     Fifty percent inhibition concentration 

JAK     Janus Kinase 

KI     Potassium iodide 

Kg     Kilogram 



             
         

 
   vi 

 

LD50     Fifty percent lethal concentration 

LDH     Lactate dehydrogenase 

LDL     Low density lipoprotein 

LH     Luteinizing hormones 

LSD     Least significant difference 

M     Molar 

MAPK     Mitogen activated protein kinases 

Me4Si     Tetramethylsilane 

Mg     Milli gram 

MgCl2     Magnesium chloride 

MIC     Minimum inhibition concentration 

MHz     Mega hertz 

ml     Milliliter 

mM     Milli molar 

mm     Milimeter 

Mo     Molybdenum 

MPLC     Medium pressure liquid chromatography 

mTORC     Mechanistic target of ripamycin complex 

Na2CO3    Sodium carbonate 

NaCl     Sodium chloride 

NAD     Nicotinamide adenine dinucleotide 

NADP     Nicotinamide adinine dinucleotide phosphate  

                                                           reduced 

NADPH    Nicotinamide adinine dinucleotide phosphate 

NaH2PO4    Sodium dihydrogen phosphate 

NaOH     Sodium hydroxide 

NBT     Nitroblue tetrazolium 

NH4OH    Ammonium hydroxide 

NOESY    Nuclear Overhauser Effect Spectroscopy    

OD     Optical density 

PBS     Phosphate buffer saline 

pH     Power of hydrogen ion 

POD     Peroxidase 



             
         

 
   vii 

 

p.o.     Per oral dose 

PUFA     Poly unsaturated fatty acids 

PI3K     Phosphatidylinositol-3-Kinase 

PTEN     Phosphatase and Tensin homolog 

RBCs     Red blood cells 

ROS                                                    Reactive oxygen species 

ROESY    Rotating-Frame NOE spectroscopy       

RNS     Reactive nitrogen species 

rpm     Revolution per minute 

RE     Rutin equivalent 

SC     Subcutaneous 

SDS     Sodium dodecyl sulphate 

SOD     Superoxide dismutase 

STAT     Signal Transducer and Activator of  z                 

v                                                          Transcription 

TBA     Thiobarbituric acid 

TBARS    Thiobarbituric acid reactive substances 

TBE     Tris borate EDTA 

TBS-T     Tris buffer saline with tween 

TCA     Trichloroacetic acid 

TMB     3, 3’, 5, 5’-Tetramethylbenzidine  

TLC     Thin layer chromatography 

TPTZ     Ferric Tripyridyl Triazine 

UV     Ultra violet 

WBCs     White blood cells 

ZnSO4                                                       Zinc Sulphate 

 

 

 

 

 

 



             
         

 
   viii 

 

 LIST OF TABLES 

Table No.                                                 Title                                                       Page No.                          

Table 4:1: Phytochemical constituents of A. hydaspica methanol extract and its 

fractions........................................................................................................................... 109 

Table 4:2: Extraction yield from A. hydaspica methanol extract and its soluble 

fractions........................................................................................................................... 109 

Table 4:3: Chemical composition of A. hydaspica AHM extract analyzed by GCMS .. 110 

Table 4:4: Retention time, optimized signal wavelength, and regression analysis of 

reference flavonoids determined by HPLC-DAD analysis ............................................. 113 

Table 4:5: HPLC-DAD profile of A. hydaspica methanol extract and its derived ethyl 

acetate and n-butanol fractions ....................................................................................... 113 

Table 4:6: Essential mineral element concentration of A. hydaspica plant powder by 

atomic absorption spectrometry (AAS) .......................................................................... 114 

Table 4:7: EC50 values of different antioxidant activities of extract and derived 

fractions of A. hydaspica................................................................................................. 125 

Table 4:8: Correlations between the EC50 values of antioxidant activities, total 

phenolic and flavonoid content of A. hydaspica. ............................................................ 126 

Table 4:9: Antibacterial activity of A. hydaspica methanol extract and its derived 

fractions at 30 mg/ml concentration. .............................................................................. 132 

Table 4:10: Minimum inhibitory concentration (mg/ml) of A. hydaspica methanol 

extract and its derived fractions. ..................................................................................... 132 

Table 4:11: Antifungal activity of A. hydaspica methanol extract and its derived 

fractions........................................................................................................................... 133 

Table 4:12: Anti-hemolytic activity of A. hydaspica methanol extract and its soluble 

fractions against H2O2 induced hemolysis ...................................................................... 133 

Table 4:13: Cytotoxic potential of A. hydaspica methanol extract and its soluble 

fractions on Artemia salina larvae .................................................................................. 134 

Table 4.14: Table 4:14: Cytotoxic effect of A. hydaspica methanol extract and its 

derived fractions on MDA-MB 361, HCC-38 and Vero cells of green monkey ............ 134 

Table 4:15: Effect of AHM and its fraction on brewer’s yeast-induced pyrexia ............ 139 

Table 4:16: Effect of AHM and its fraction on carrageenan-induced paw edema in rats140 

Table 4:17: Effect of AHM and its fraction on Prostaglandin E2-induced paw edema 

in rats ............................................................................................................................... 142 



             
         

 
   ix 

 

Table 4:18: Effect of AHM and its fraction on acetic acid induced writhing ................. 142 

Table 4:19: Effect of AHM and its fraction in hot plate test. ......................................... 143 

Table 4:20: Antidepressant effect of A. hydaspica methanol extract and its derived 

fractions in FST and TST (Immobility behavior) ........................................................... 144 

Table 4:21: Effect of cisplatin and/or AHE treatment on body weight of rats ............... 150 

Table 4:22: Effect of cisplatin and/or AHE treatment on organ weight of rats .............. 150 

Table 4:23: Effect of cisplatin (CP) and different treatments of AHE on lipid profile .. 151 

Table 4:24: Effect of cisplatin (CP) and different treatments of AHE on liver 

biomarkers in serum ........................................................................................................ 151 

Table 4:25: Effect of cisplatin (CP) and different treatments of AHE on serum total 

bilirubin and direct bilirubin profile ............................................................................... 152 

Table 4:26: Effect of cisplatin (CP) and different treatments of AHE on liver tissue 

antioxidant enzymes........................................................................................................ 152 

Table 4:27: Effect of cisplatin (CP) and different treatments of AHE on liver tissue 

antioxidant enzymes and GSH profile ............................................................................ 153 

Table 4:28: Effect of cisplatin (CP) and different treatments of AHE on liver tissue 

protein, H2O2, nitrite content and lipid peroxidation ...................................................... 153 

Table 4:29: Effect of cisplatin (CP) and different treatments of AHE on urine profile . 160 

Table 4:30: Effect of cisplatin (CP) and different treatments of AHE on urine 

creatinine, creatinine clearance, albumin and urinary proteins ....................................... 160 

Table 4:31: Effect of cisplatin (CP) and different treatments of AHE on serum protein, 

albumin, globulin, BUN, serum nitrite profile ................................................................ 161 

Table 4:32: Effect of cisplatin (CP) and different treatments of AHE on serum 

creatinine, urea and uric acid profile ............................................................................... 161 

Table 4:33: Effect of cisplatin (CP) and different treatments of AHE on Kidney tissue 

antioxidant status ............................................................................................................ 162 

Table 4:34: Effect of cisplatin (CP) and different treatments of AHE on Kidney tissue 

antioxidant enzymes and GSH profile ............................................................................ 162 

Table 4:35: Effect of cisplatin (CP) and different treatments of AHE on kidney tissue 

protein, oxidative markers and lipid peroxidation .......................................................... 163 

Table 4:36: Effect of cisplatin (CP) and different treatments of AHE on lung tissue 

antioxidant enzymes........................................................................................................ 168 



             
         

 
   x 

 

Table 4:37: Effect of cisplatin (CP) and different treatments of AHE on lungs tissue 

antioxidant enzymes and GSH profile ............................................................................ 168 

Table 4:38: Effect of cisplatin (CP) and different treatments of AHE on lung tissue 

protein, oxidative stress markers and lipid peroxidation ................................................ 169 

Table 4:39: Effect of cisplatin (CP) and different treatments of AHE on male 

reproductive hormonal level ........................................................................................... 174 

Table 4:40: Effect of cisplatin (CP) and different treatments of AHE on testicular 

tissue antioxidant enzymes ............................................................................................. 174 

Table 4:41: Effect of cisplatin (CP) and different treatments of AHE on testicular 

tissue antioxidant enzymes and GSH profile .................................................................. 175 

Table 4:42: Effect of cisplatin (CP) and different treatments of AHE on testicular 

tissue protein, H2O2, nitrite content and lipid peroxidation ............................................ 175 

Table 4:43: Effect of cisplatin (CP) and different treatments of AHE on cardiac 

function biomarkers ........................................................................................................ 181 

Table 4:44: Effect of cisplatin (CP) and different treatments of extract AHE on 

cardiac tissue antioxidant enzymes ................................................................................. 181 

Table 4:45: Effect of cisplatin (CP) and different treatments of AHE on cardiac 

enzymatic antioxidant levels and GSH profile ............................................................... 182 

Table 4:46: Effect of cisplatin (CP) and different treatments of AHE on cardiac tissue 

protein, oxidative stress markers and lipid peroxidation ................................................ 182 

Table 4:47: Effect of DOX and/or AHE treatment on body weight of rats .................... 188 

Table 4:48: Effect of DOX and/or AHE treatment on organ weight of rats ................... 188 

Table 4:49: Effect of doxorubicin (DOX) and different treatments of AHE on lipid 

profile .............................................................................................................................. 189 

Table 4:50: Effect of Doxorubicin (DOX) and different treatments of AHE on liver 

biomarkers in serum ........................................................................................................ 189 

Table 4:51: Effect of Doxorubicin (DOX) and different treatments of AHE on serum 

total bilirubin and direct bilirubin profile ....................................................................... 190 

Table 4:52: Effect of Doxorubicin (DOX) and different treatments of AHE on liver 

tissue antioxidant enzymes ............................................................................................. 190 

Table 4:53: Effect of Doxorubicin (DOX) and different treatments of AHE on liver 

tissue antioxidant enzymes and GSH profile .................................................................. 191 



             
         

 
   xi 

 

Table 4:54: Effect of Doxorubicin (DOX) and different treatments of AHE on liver 

tissue protein, oxidative stress markers and lipid peroxidation ...................................... 191 

Table 4:55: Effect of Doxorubicin (DOX) and different treatments of AHE on urine 

profile .............................................................................................................................. 197 

Table 4:56: Effect of Doxorubicin (DOX) and different treatments of AHE on urine 

creatinine, creatinine clearance, albumin and protein profile ......................................... 197 

Table 4:57: Effect of Doxorubicin (DOX) and different treatments of AHE on serum 

protein, albumin, globulin, BUN, serum nitrite profile .................................................. 198 

Table 4:58: Effect of Doxorubicin (DOX) and different treatments of AHE on serum 

creatinine, urea and uric acid profile ............................................................................... 198 

Table 4:59: Effect of Doxorubicin (DOX) and different treatments of AHE on Kidney 

tissue antioxidant enzymes ............................................................................................. 199 

Table 4:60: Effect of Doxorubicin (DOX) and different treatments of AHE on Kidney 

tissue antioxidant enzymes and GSH profile .................................................................. 199 

Table 4:61: Effect of Doxorubicin (DOX) and different treatments of AHE on kidney 

tissue protein, oxidative stress markers and lipid peroxidation ...................................... 200 

Table 4:62: Effect of Doxorubicin (DOX) and different treatments of AHE on lung 

tissue antioxidant enzymes ............................................................................................. 204 

Table 4:63: Effect of Doxorubicin (DOX) and different treatments of AHE on lungs 

tissue antioxidant enzymes and GSH profile .................................................................. 204 

Table 4:64: Effect of Doxorubicin (DOX) and different treatments of AHE on lung 

tissue protein, H2O2, nitrite content and lipid peroxidation ........................................... 205 

Table 4:65: Effect of Doxorubicin (DOX) and different treatments of AHE on male 

reproductive hormonal level ........................................................................................... 210 

Table 4:66: Effect of Doxorubicin (DOX) and different treatments of AHE on 

testicular tissue antioxidant enzymes .............................................................................. 210 

Table 4:67: Effect of Doxorubicin (DOX) and different treatments of AHE on 

testicular tissue antioxidant enzymes and GSH profile .................................................. 211 

Table 4:68: Effect of Doxorubicin (DOX) and different treatments of AHE on 

testicular tissue protein, H2O2, nitrite content and lipid peroxidation ............................ 211 

Table 4:69: Effect of Doxorubicin (DOX) and different treatments of AHE on cardiac 

function tests ................................................................................................................... 217 



             
         

 
   xii 

 

Table 4:70: Effect of Doxorubicin (DOX) and different treatments of AHE on cardiac 

tissue antioxidant enzymes ............................................................................................. 217 

Table 4:71: Effect of Doxorubicin (DOX) and different treatments of AHE on cardiac 

enzymatic antioxidant levels and GSH profile ............................................................... 218 

Table 4:72: Effect of Doxorubicin (DOX) and different treatments of AHE on cardiac 

tissue protein, H2O2, nitrite content and lipid peroxidation ............................................ 218 

Table 4:73: Antioxidant activity of VLC-AHE fractions ............................................... 222 

Table 4:74: Antibacterial activity of VLC-AHE fractions (Percent growth inhibition) . 222 

Table 4:75: Antifungal activity of VLC-AHE fractions (Percent Growth Inhibition) ... 223 

Table 4:76: Cytotoxic effect of A. hydaspica AHE and VLC-AHE fractions on MDA-

MB-231 and PC-3 cells ................................................................................................... 223 

Table 4:77: Antioxidant activity of A. hydaspica: Isolated fractions/compounds from 

AHE by flash chromatography (ISCO)........................................................................... 228 

Table 4:78: Antibacterial activity of A. hydaspica: Isolated fractions/compounds from 

AHE by flash chromatography (ISCO)........................................................................... 229 

Table 4:79: Antifungal activity of A. hydaspica: Isolated fractions/compounds from 

AHE by flash chromatography (ISCO)........................................................................... 230 

Table 4:80: Cytotoxic effect of A. hydaspica: Isolated fractions/compounds from 

AHE by flash chromatography (ISCO)........................................................................... 230 

Table 4:81: Antioxidant activity of VLC-AHB fractions ............................................... 232 

Table 4:82: Cytotoxic effect of A. hydaspica AHB and VLC-AHB fractions on MDA-

MB-231 and PC-3 cells ................................................................................................... 232 

Table 4:83: Antioxidant activity of Sp-AHB fractions ................................................... 236 

Table 4:84: Antibacterial activity of A. hydaspica isolated fractions from AHB by 

Sephadex LH20 chromatography against S. aureus ....................................................... 236 

Table 4:85: Cytotoxic effect of A. hydaspica Sp-AHB fractions on MDA-MB-231 and 

PC-3 cells ........................................................................................................................ 237 

Table 4:86: Antioxidant activity of Semi-prep RP-HPLC-AHB fractions ..................... 240 

Table 4:87: Antibacterial activity of A. hydaspica isolated fractions from AHB by 

Semi-prep RP-HPLC against S. aureus .......................................................................... 240 

Table 4:88: Cytotoxic effect of A. hydaspica isolated fractions from AHB by Semi-

prep RP-HPLC on MDA-MB-231 and PC-3 cells ......................................................... 241 



             
         

 
   xiii 

 

Table 4:89: 
1
H NMR data of polyphenols isolated from A. hydaspica (Coupling 

constant J in Hertz) ......................................................................................................... 255 

Table 4:90: 
13

C NMR data of polyphenols isolated from A. hydaspica ......................... 256 

Table 4:91: EC50 values (concentration causing 50% inhibition) in various antioxidant 

assays and FRAP potential of A. hydaspica polyphenols. .............................................. 260 

Table 4:92: Relation between antioxidant activities in different methods ..................... 260 

Table 4:93: Protein expression levels in PC-3 and MDA-MB-231 cells following 

treatment with AHCs after 48 h. ..................................................................................... 277 

Table 4:94: Protein expression levels in PC-3 and MDA-MB-231 cells following 

treatment with AHCs ...................................................................................................... 279 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



             
         

 
   xiv 

 

 LIST OF FIGURE  

Figure No.                                            Title                                                     Page No.                          

Figure 1.1: Oxidative stress, antioxidants and chronic diseases ......................................... 5 

Figure 1.2: Photograph of Acacia hydaspica R.Parker ..................................................... 18 

Figure 2.1: Cisplatin structure and schematic of pathways involved in cell injury. ......... 32 

Figure 2.2: Schematic diagram of DOX-induced cardiotoxicity. ..................................... 39 

Figure 3.1: Flow chart describing the extraction procedure for fractionation of A. 

hydaspica. ......................................................................................................................... 54 

Figure 3.2: Scheme of Bioassay guided fractionation and isolation of active 

compounds from A. hydaspica. ......................................................................................... 97 

Figure 4.1: Regression line with gallic acid and TPC (A), Regression line with rutin 

and TFC (B). ................................................................................................................... 115 

Figure 4.2: GC Chromatogram of A. hydaspica crude methanol extract (AHM). .......... 115 

Figure 4.3: Regression analysis graphs of reference flavonoids. Values on X-axis 

represent concentration in µg/ml while Y-axis represents the peak area. ...................... 116 

Figure 4.4: HPLC-DAD profile of standard reference compounds at selected 

wavelengths..................................................................................................................... 117 

Figure 4.5: HPLC-DAD profile of A. hydaspica methanol extract (AHM) at selected 

wavelengths..................................................................................................................... 118 

Figure 4.6: HPLC-DAD profile of A. hydaspica ethyl acetate fraction (AHE) at 

selected wavelengths.. ..................................................................................................... 119 

Figure 4.7: HPLC-DAD profile of A. hydaspica n-butanol fraction (AHB) at selected 

wavelengths..................................................................................................................... 120 

Figure 4.8: Antioxidant activity of A. hydaspica methanol extract and its derived 

fractions........................................................................................................................... 128 

Figure 4.9: Dose response curves representing the effect A. hydaspica 

extract/fractions against the cell proliferation of Breast cancer cell lines (MDA-

MB361 and HCC38) and normal kidney epithelial cells (Vero cells) ............................ 135 

Figure 4.10: Percent effect of AHM, AHE and Fluoxetine in hot plate test.. ................. 143 

Figure 4.11: Effect of AHM, its derived fractions and fluoxetine on behavioral pattern 

in forced swing test in rats.a) Effect on swimming behavior. b) Effect on climbing 

behavior........................................................................................................................... 144 



             
         

 
   xv 

 

Figure 4.12: Histopathological effect of Cisplatin and protective effect of AHE in rat 

liver. (H&E staining, magnification 40X).. .................................................................... 154 

Figure 4.13: Histopathological effect of Cisplatin and protective effect of AHE in rat 

kidney (H&E staining, magnification 40X).. .................................................................. 164 

Figure 4.14: Histopathological effect of cisplatin and protective effect of AHE in rat 

Lungs. (H&E staining, magnification 40X).. .................................................................. 170 

Figure 4.15: Histopathological effect of cisplatin and protective effect of AHE in rat 

testes (H&E staining, magnification 10X and 40X). ...................................................... 177 

Figure 4.16: Histopathological effect of Cisplatin and protective effect of AHE in rat 

heart (H&E staining, magnification 40X). ...................................................................... 183 

Figure 4.17: Histopathological effect of Doxorubicin and protective effect of AHE in 

rat liver. ........................................................................................................................... 192 

Figure 4.18: Histopathological effect of Doxorubicin and protective effect of AHE in 

rat kidney (H&E staining, magnification 40X)............................................................... 201 

Figure 4.19: Histopathological effect of Doxorubicin and protective effect of AHE in 

rat Lungs (H&E staining, magnification 40X).. ............................................................. 206 

Figure 4.20: Histopathological effect of Doxorubicin and protective effect of AHE in 

rat testes (H&E staining, magnification 10X and 40X). ................................................. 213 

Figure 4.21: Histopathological effect of Doxorubicin and protective effect of AHE in 

rat heart (H&E staining, magnification 40X).. ............................................................... 219 

Figure 4.22: ISCO chromatogram showing the step gradient run and pattern of 

spectral peaks, yellow lines indicates the pooling arrangement of fractions .................. 225 

Figure 4.23: Analytical HPLC Chromatogram of Sp-AHB/F4 at 280nm.. .................... 237 

Figure 4.24: Analytical HPLC Chromatogram of Sp-AHB/F4 at various wavelengths..238 

Figure 4.25: Semi-prep RP-HPLC chromatograph of Sp-AHB/F4 fraction indicating 

the partitioning of fractions according to the spectral peaks.. ........................................ 239 

Figure 4.26: Analytical HPLC chromatogram of C1, C2 and C4 showing single peaks 

at 10.487, 8.644 and 10.994 min. . .................................................................................. 244 

Figure 4.27: Analytical HPLC chromatogram of C3 showing single peak at 11.15 

min.. ................................................................................................................................ 244 

Figure 4.28: 1H NMR spectrum of GC (C1).. ................................................................ 248 

Figure 4.29: 1H NMR spectrum of C (C2). .................................................................... 248 

Figure 4.30: 1H NMR spectrum of CG (C3).  ................................................................ 249 



             
         

 
   xvi 

 

Figure 4.31: 1H NMR spectrum of MG (C4). ................................................................ 249 

Figure 4.32: 13C spectrum of GC (C1) extracted from HMBC NMR spectrum. .......... 250 

Figure 4.33: 13C spectrum of C (C2) extracted from HMBC NMR spectrum. ............. 250 

Figure 4.34: 13C NMR spectrum of CG (C3). ............................................................... 251 

Figure 4.35: 13C NMR spectrum of MG (C4). .............................................................. 251 

Figure 4.36: ESI-MS [M-H]- spectrum of GC (C1) isolated from AHE. ....................... 252 

Figure 4.37: ESI-MS [M-H]- spectrum of  C (C2) isolated from AHE. ......................... 252 

Figure 4.38: ESI-MS [M-H]- spectrum of CG (C3) isolated from AHB........................ 253 

Figure 4.39: ESI-MS [M-H]- spectrum of MG (C4) isolated from AHE. ...................... 253 

Figure 4.40: Structures of isolated polyphenols from A. hydaspica. .............................. 254 

Figure 4.41: DPPH radical scavenging activity, Hydroxyl radical scavenging activity 

and Nitric oxide radical scavenging activity of compounds isolated from A. 

hydaspica.. Butylated hydroxytoluene (BHT). . ............................................................. 261 

Figure 4.42: Dose dependent increase in total antioxidant capacity (TAC) of isolated 

compounds. Values are expressed as mean±SEM (n=3). Gallic acid used as standard 

reference .......................................................................................................................... 262 

Figure 4.43: AHCs exhibit cytotoxic effect on PC-3 and MDA-MB-231 cell growth in 

culture. ............................................................................................................................ 266 

Figure 4.44: Representative phase contrast images of PC-3 and MDA-MB-231 cells. . 267 

Figure 4.45: Detection of apoptosis by floresence microscopy in PC-3 cells after 

treatment with GC, C (100 µM), CG and MG (50 µM) for 48 h. A: Nuclear ................ 268 

Figure 4.46: Detection of apoptosis by floresence microscopy in MDA-MB-231 cells 

after treatment with 50 µM CG and MG for 48 h.. ......................................................... 269 

Figure 4.47: Colonegenic survival assay.Seeding density for PC-3 was 1000 cells 

/35mm plates and 500 cells /35mm plate were seeded for MDA-MB-231 cells.. .......... 270 

Figure 4.48: Western blot analysis of cellular lysates prepared from PC-3 cells.. ......... 275 

Figure 4.49: Western blot analysis of cellular lysates prepared from MDA-MB-231 

cells. ................................................................................................................................ 276 

Figure 4.50: Proposed signaling pathways and anti-apoptotic proteins expression 

affected by compounds isolated from A. hydaspica. ...................................................... 280 

 

 



             
         

 
   xvii 

 

 Abstract 

The focus of current research was to evaluate pharmacological ability of Acacia 

hydaspica methanol extract (AHM) and its derived fractions. Qualitative screening of 

methanol extract demonstrated the occurrence of terpenoids, anthraquinones, 

coumarins, cardiac glycosides, saponins, flavonoids, tannins, phlobatannins and 

alkaloids. GCMS chemical fingerprinting of AHM reveals the presence of 30 different 

chemical constituents belonging to diverse classes, owing enormous biological 

activities. HPLC analysis of AHM and various fractions reveals the presence of four 

well known standards; catechin, gallic acid, rutin and caffeic acid in AHM in varying 

concentrations. Catechin and Gallic acid were detected in both AHE and AHB while 

myrecitin was detected only in AHE. Mineral analysis indicated the existence of 

various macro and micromineral elements in A. hydaspica. AHB, AHE and AHM 

demonstrated high level of total flavonoid and phenolic content and a noteworthy 

correlation with the EC50 values was determined for the quenching of DPPH radical, 

hydroxyl radical, hydrogen peroxide radical, ABTS radical, iron chelating, β-Carotene 

bleaching inhibition and anti-lipid peroxidation. Significant anti-hemolytic, 

antimicrobial, cytotoxic actions were demonstrated by AHM and its AHE and AHB 

fractions. AHM and its fraction AHE reveal marked antipyretic, anti-inflammatory, 

analgesic and antidepressant potential.  

          The in vivo studies indicated that AHE fraction of A. hydaspica possessed 

potent chemoprotective ability against cisplatin and doxorubicin induced toxicity in 

rats. Treatment of rats with AHE markedly improved the serum biomarkers of organ 

toxicity and tissue antioxidant status by significantly ameliorating the oxidative 

tissues markers enzymes levels near to control. Histopathological studies of different 

organs verify the biochemical observations. A. hydaspica was subjected to bioassay-

directed fractionation which led to the isolation of three active antioxidant, 

antimicrobial and cytotoxic compounds from AHE and one active compound from 

AHB fraction besides active isolates. The compound structures were interpreted by 

ESI-MS and NMR spectroscopic analysis. Three AHE compounds were identified as 

7-O-galloyl catechin (GC), (+) catechin (C), methyl-gallate (MG) while catechin-3-

gallate (CG) was extracted from AHB fraction. In antimicrobial testing, MG was the 

most active compound. Isolated compounds GC, CG and MG showed more potent 

activity against DPPH, hydroxyl radical, nitric oxide radical, showed highest 
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antioxidant index and FRAP (649.5±1.5 µM Fe (II)/g) potency compared to standard 

reference rutin and gallic acid.  

         In vitro models of prostate (PC-3) and breast (MDA-MB-231) cancer cells were 

used to evaluate the anticancer potential of isolated compounds (AHCs). AHC 

resulted in specific effects against tested prostate and breast cancer cell lines. GC, C, 

CG and MG inhibit cell proliferation in PC-3 cells in a dose dependent manner, 

whereas CG and MG negatively affected MDA-MB-231 cell growth. Compounds 

induce cell death via suppressing various signal transduction pathways that regulates 

cell proliferation and survival. Chromatin condensation, cell shrinkage and apoptotic 

bodies were observed by phase contrast microscopy. Compounds significantly 

inhibited cell survival and colony growth in both cell lines. Staining with acridine 

orange, ethidium bromide, propidium iodide and DAPI demonstrated that cell death 

occurred at least partly through induction of apoptosis in both PC-3 and MDA-MB-

231 cells. GC, C, CG and MG repressed the expression of anti-apoptotic proteins Bcl-

2, Bcl-xL and survivin in dose and time dependent manner, which futher validate the 

apoptotic effect of isolated compounds.  Further analysis of signaling pathways 

indicated that compounds treatment induced a dose and time dependent suppression 

of JAK2, NFκB, p-Akt (Ser473and Thr308), NFκB p65 P-Ser 529, phospho-IκB 

Ser32/Ser36, p-ERK1/2 (Thr202/Tyr204) in PC-3 cells. In MDA-MB-231 cells, CG 

and MG treatment significantly suppressed the expression of CK2α, PI3-K and JAK2.  

Expression of NFκB total protein and its phosphorylation at p65 P-Ser529 was 

significantly inhibited following treatments. Furthermore, Bcl-xL, Survivin and xIAP 

expression was also inhibited in MDA-MB-231 cells in a time and dose dependent 

manner. These findings provide strong indication that A. hydaspica compounds may 

be favorable therapeutic candidates against highly invasive triple negative breast 

cancer and androgen insensitive prostate cancer cells. 
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1                                             Introduction 

With the advent of human civilizations natural products with therapeutic 

properties are being used. Since eras animal, minerals and plant constituents were the 

core resources of drugs (De Pasquale, 1984). Man has been investigating, testing, 

examining and using the extensive plenteousness of nature tirelessly since ages. Thus far 

the consumption of these elements has not been always endorsed by legitimate experts 

dealing with usefulness and safety techniques, hence a lot of available research points 

toward the lack of quality in the production, marketing and prescription of phyto-

medicinal resources. In the recent scenario, a great number of corroborations are being 

collected to depict the biodynamic therapeutic prospective of medicinal plants used in 

innumerable conventional methods (Harsha et al., 2003). In the last decades, the expense 

of drug and medication measures are expanding, hampering the health awareness plans of 

underdeveloped nations. Recognizing the patient compliance numerous researchers have 

been working to acquire potential outcomes of utilizing plants, accessible at a hand to 

treat various human sicknesses. From year 2000 to 2005 above 20 novel drugs acquired 

from terrestrial plants, microorganisms, vertebrates, invertebrates and marine sources 

have been launched on the market. These ratified stuffs having extensive chemical 

diversity plus a number of other natural products or their analogs are now in clinical 

trials, continues to authenticate the significance of compounds from natural sources in 

modern drug discovery efforts (Chin et al., 2006). The synthetic drugs i.e. Cisplatin, 

doxorubicin and fluorouracil (5-FU), drugs belonging to varied chemical classes have 

remained broadly used for chemotherapy of different types of cancers, however exhibited 

severe toxicity and undesirable side effects. Thus, taking synthetic drug interaction and 

reactions into the record, there is another hope, which is to search in plants for their 

therapeutic values. Natural resources provide lead compounds, letting the design and 

rational development of new drugs, biomimetic production, improvement and the 

innovation of therapeutic preparations (Hamburger and Hostettmann, 1991). Scientific 

research on raw or crude herbs containing several chemical constituents has attracted 

attention towards the isolation and synthesis of pure phytochemicals and the chemical 

preparation of specific structural analogs. There is no doubt that several of our 
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conventional modern day medicines either directly or indirectly resulted from natural 

products. Codeine, morphine (Reisine, 1996), Atropine (Brown and Taylor, 1996), 

physostigmine (Jacobs et al., 1996) and reserpine (Pletscher et al., 1956) are quite a few 

examples of the conventional medicines isolated from herbs. Pharmacists still rely 

heavily on these natural products as a source for the discovery of modern drug as nature 

is the largest reservoir of novel structurally diverse chemical compounds (Fenical, 2002). 

 Oxidative stress and antioxidants 1.1

In the process of energy generations, ATP molecules are produced by the 

mitochondria and these process outcomes in the libration of free radicals. These free 

radical species are highly reactive, with an unpaired electron in their molecular or atomic 

orbital, generates continuously in cells as normal metabolic products. Free radicals are of 

two types RNS (Reactive nitrogen species) and ROS (Reactive oxygen species) (Fang et 

al., 2002). The free radical species contributed a twofold role both as toxic as well as the 

beneficial molecules, since they can be either detrimental or useful to the body. The 

equilibrium among these dual effects is clearly a vital characteristic of life. Trivial or 

moderate level ROS and RNS, employ advantageous consequences on cellular 

metabolism and immune functions, showed monitoring capability during signal 

transduction processes, therefore the complete suppression of free radical production 

could be unfavorable. The detrimental effect of free radicals stems from the inexorable 

production of excessive amounts of free radicals and their buildup in the body due to a 

disproportion among the production and neutralization of ROS/RNS produces a 

phenomenon called oxidative stress. In the last decade the assertion that free radical 

intervened oxidative stress has been linked with the number of ailments has been a 

noteworthy consideration (Das and Vasudevan, 2007). Oxidative stress outcomes in 

importunate changes in signal transduction and gene expression, damage membrane 

permeability, results in disruption of protein as well as the structure of nucleic acid, 

devastation of cells, and advancement of enduring and deteriorating ailments; for instance 

cancer, inflammation, cirrhosis, autoimmune pathologies, aging, viral infections, 

diabetes, cardiovascular disturbances, rheumatoid arthritis and neurodegenerative 

disorders (Barnham et al., 2004).  
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Organisms have developed the self-protective mechanisms to devastate the fatal 

effects caused due to the oxidative stress. Protective mechanisms of the organisms are 

schematized in three stages:  

(i) Systems involved the ways to inhibit the enzymes and chelating agents, these 

agents are inhibited by preventing their catalytic activity involved in free 

radical generation. Enzyme inhibition includes superoxide producing enzymes 

such as xanthine oxidase that could be inhibited by allopurinol.  

(ii) When primary defensive systems failed to tackle with the overload of free 

radicals or reactive metabolites then quenchers and scavengers of free radicals 

play imperative role in eradicating the over reactive free radical by converting 

them into non-toxic and non-radical species. Such kinds of compounds are 

known as antioxidants that stop the oxidation of important biological 

molecules.   

(iii) If organism protection fails at this step, then damaged molecules are primarily 

recognized and then demolished by repair system e.g. DNA bases are 

modified by DNA repair system and oxidative damaged lipids are repaired by 

lipases (Aruoma, 1998; Pham-Huy et al., 2008).  

An antioxidant is a molecule, ion or stable radical, having the ability to slow 

down or even impede the oxidation of various biomolecules. Alternatively, they can be 

defined as synthetic or natural compounds, which when introduced to the products, stop 

or interrupt their corrosion due to the activity of oxygen present in the air despite their 

low concentrations in comparison to that of the substrate (Halliwell et al., 1995). 

Antioxidants are of two main types i.e., endogenous (naturally created in situ) and 

exogenous (externally brought via foods). Endogenous compounds in cells include 

enzymatic antioxidants and non-enzymatic antioxidants. Superoxide dismutase (SOD), 

catalase (CAT), glutathione peroxidase (GPx) and glutathione reductase (GRx) are the 

major endogenous antioxidant enzymes (Young and Woodside, 2001). On the other hand, 

metabolic antioxidants are non-enzymatic endogenous antioxidants that are obtained 

metabolic processes within the body, such as lipoic acid, glutathione, uric acid, L-

ariginine, coenzyme Q10, metal-chelating proteins, melatonin, bilirubin, transferrin, etc 
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(Willcox et al., 2004). Exogenous sources of antioxidants must be attained by means of 

diets or supplements, for instance carotenoids, trace metals (selenium, manganese, and 

zinc), vitamin E, flavonoids, vitamin C,  omega-3 and omega-6 fatty acids, etc. (Pham-

Huy et al., 2008). At present the market is heaving of free radical defusing antioxidant 

agents. Whilst most these agents are synthetically produced, causing concomitant 

complications like toxicity and/or mutation initiation, which stimulated the consideration 

of a lot of investigators to look for natural resources for obtaining antioxidants. Recently, 

researches on natural products have retrieved much consideration due to the evolving 

understanding of their biological implications. Natural resources from remedial plants, 

either as pure complexes or as homogeneous extracts, afford indefinite prospectives for 

unique therapeutic agents because of the supreme accessibility of chemical diversity 

(Sasidharan et al., 2011). Naturally occurring resources, owning extraordinary 

effectiveness and lower contiguous effects, are appropriate surrogates for 

chemical/synthetic therapeutics, which retain various severe adverse effects (Clark, 

1996). There is an extensive role of medicinal plants in improving human health. In 

living organisms, numerous molecular and physiological processes are controlled by 

bioactive compounds present in medicinal plants. At the moment numerous natural 

phytochemicals isolated from plants are explored in the production of new medicines 

with new modes of therapeutic treatments (Briskin, 2000). In plants, phytochemical 

constituents for instance phenolic and flavonoids are exceedingly recognized classes of 

antioxidants owing to their conjugated ring structures and extraordinary redox value, 

assigning them as commendable hydrogen donors, reducing agent, singlet oxygen 

quenchers and free radicals stabilizing agents. Flavonoids (catechin, kaempferol, 

quercetin and naringenin), phenolics (rosmanol, carnosic acid, carnosol, phenolic acids 

rosmarinic acids, protocatechuic, gallic acid, rosmadial, and caffeic acid) and volatile oils 

(menthol, eugenol, carvacrol and thymol) are most important plant secondary metabolites 

with promising disease preventing properties. Some recurrently used antioxidants being a 

part of regular routine are skins and seed extracts of grapes and tea, which contain 

phenolic acids, resveratrol, catechin, epicatechin, and proanthocyanidins, which have 

shown significant antioxidant activity  (Brewer, 2011). In addition to their health 
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benefits, flavonoids are well accredited for their potency to impede oxidative mutilation 

of unsaturated fatty acids, their quick and easy metabolic degeneration conduits mark 

them as superlative stabilizing substitutes to the synthetic antioxidants such as butylated 

hydroxytoulene (BHT) or butylated hydroxyl anisole (BHA) in nutriment industry 

(Gursoy et al., 2009). 

Phytochemicals are especially acknowledged due to their anti-oxidative, anti-

inflammatory and disease preventive abilities. The polyphenolic phytochemicals provide 

multiple antioxidant capabilities such as; reducing free radicals or metal chelators. 

Moreover, the inquisitiveness for alternative and complementary medicines have 

enhanced due to the anti-microbial, anti-thrombotic and vasodilator aptitude of chemicals 

isolated from plants (Balasundram et al., 2006). A range of researches has verified a 

correlation between the cure of a variety of disorders induced by stress and the 

consumption of the antioxidant (Sahreen et al., 2010; Khan et al., 2012c). It is of essential 

requirements that therapeutic plants should be explored for their medicinal attributes; for 

the reason that most of the people in undeveloped countries' practices alternative and 

complimentary medicines (Mukherjee and Wahile, 2006; Bursal and Gülçin, 2011; 

Sahreen et al., 2011).  

 

Figure 1.1: Oxidative stress, antioxidants and chronic diseases (Rao and Rao, 2013). 
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  Cancer  1.2

Cancer is a multifaceted and multigrade process that bothers several genes and gene 

products, which are important in the directive of abundant cellular tasks. It is 

accompanied by anomalous cellular spread escorted by the unrestrained instigation of 

growth signals, opposition to normal growth inhibitory signals, loss of apoptosis, 

advancement of angiogenesis, invasion of surrounding tissues and metastasis (Hanahan 

and Weinberg, 2000; Neal and Berry, 2006). There is a continuing need for development 

of new anticancer treatment modalities, chemotherapy approaches, hormonal 

supplements, surgery, radiation therapies and drug combination strategies by systemic 

and scientific exploration of substantial sources of synthetic, biological and natural 

products. 70 % of the anti-tumor composites employed in current therapeutics are derived 

from natural products or associated materials. Compounds with anti-tumor efficacy 

accompanying diverse configuration classes, for example; anthracyclines, flavanols, 

indolocarbazoles, isoprenoids, enediynes, polyketide macrolides, non-ribosomal peptides 

comprising glycopeptides and others (Demain and Vaishnav, 2011). A lot of anti-tumor 

drugs, for instance; Taxol are acquired from both plants and fungi (Neumann et al., 

2008). The anti-tumor compounds action by a number of mechanisms, for instance; by 

persuading apoptosis (planned cell death), modulation of protein kinases, and the 

impediment of key enzymes intricated in signal transduction or by constraining tumor-

stimulated angiogenesis. Dietetic phytochemicals, such as; quercetin, resveratrol, 

genistine, curcumin, (-)-epigallocatechin-3-gallate and lycopene are identified to inhibit 

the progression of cancer cells by intervening various cellular signaling pathways, 

triggering cell death signals and by stimulating apoptosis of cancer cells without 

deleteriously acting on healthy cells (Sarkar et al., 2009). These natural products also 

augment the therapeutic aptitude of other drugs by various mechanisms, for instance; by 

stalling one or more targets in the signal transduction pathway, by increasing their 

bioavailability or by stabilizing  the drugs in the system (Demain and Vaishnav, 2011). 

1.2.1 Prostate cancer (PC)  

Adenocarcinoma of Prostate is the most recurrently detected malignancies in 

developed countries and is second prominent reasons of cancer related deaths in men 
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however the prevalence is also increasing in developing countries. In Pakistan the 

incidence of prostate cancer is 5.3 per 100,000, which is relatively low compared to other 

Asian countries, but increasing numbers of cases are being reported each year (Mehmood 

et al., 2012). The mainstream of the PCs are categorized as adenocarcinomas described 

by the deficiency of basal cells and unrestrained propagation of uncontrolled  tumor cells 

with various patterns of luminal differentiations comprising the expression of androgen 

receptor (AR), glandular formation and prostate-specific antigen (PSA). However PC 

induction is regarded as a multiphased progression, encompassing advancement from 

minor dormant low grade carcinoma to outsized, metastatic carcinoma of advanced stage. 

Initially the progression of PC is androgen-responsive; androgen withdrawal has been a 

prevalent approach for its preclusion and treatment. While PC patients treated with 

androgen withdrawal therapies often have tumor recurrence, which is largely due to the 

progression of initially androgen dependent phenotype to uncontrolled and extremely 

aggressive androgen resistant and castration resistant phenotype (Siegel et al., 2014). At 

that point, most patients ultimately died away due to the advanced and hormone-

refractory prostate cancer which is chemoresistant (Suzuki et al., 2003; Wang et al., 

2006). To inspect the mechanism intricated in the advancement of PC, scientists have 

established a minor number of prostate cancer cell lines, i.e. PC-3 and DU-145 are 

commonly used prostate cancer cell lines; signifying advanced stage, hormone refractory 

cancers derived from human prostatic adenocarcinoma metastatic to bone and the brain, 

respectively (Suzuki et al., 2003; Guo et al., 2009).  

Prostatic cancers are adenocarcinomas mostly being categorized by glandular creations 

and the appearance of luminal differentiation indicators, androgen receptor (AR), 

prostate-specific antigen (PSA) and are androgen-reliant. Subsequently the hormonal 

therapy inhibiting AR signaling results in indicative cure in patients with progressive and 

malignant adenocarcinoma. On contrary PC-3 cells do not exhibit AR, PSA, and are 

PSMA-negative (prostate specific membrane antigen). PC-3 epitomize extremely 

destructive metastatic behavior which is different from most of the clinical cases of PCs 

(Kaighn et al., 1979). These cells do not respond to androgens, glucocorticoids, or 

epidermal or fibroblast growth factors. Moreover, PC-3 cells have reduced testosterone-
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5-alpha reductase and acid phosphatase activity (Alimirah et al., 2006; Ghosh et al., 

2005). 

1.2.2 Breast Cancer      

Breast cancer prevalence raised 3.1% per year worldwide over the preceding three 

decenniums to greater than 1.6 million sufferers in year 2010 (Siegel et al., 2013).  

Pakistan is among the leading breast cancer malignancies reported countries, killing 

40,000 females annually. Recent estimation reveals that 1 in 9 Pakistani women will 

suffer from breast cancer at any period of their life (Ahmed et al., 2006). The breast 

cancer comprised of phenotypically heterogeneous populations of cells arising due to 

multifarious gene mutations happening in luminal or basal progenitor cell population, 

instigating complications in prognosis and management of breast cancer. Similarly to 

prostate cancer, over the past five decades relatively few therapeutic advances have been 

made that have increased overall survival in the setting of metastatic breast cancer (Looi 

et al., 2013). 

MDA-MB-231 cells mirrored as an exemplary of triple-negative breast cancer 

(TNBC) is hormone independent, lacking; estrogen (ER), progesterone (PgR) receptor 

expression in addition to the diminution of human epidermal growth factor 2 (HER-2) 

amplification, challenging due to absence of expression of well-defined therapeutic 

targets, heterogeneity of ailment and poor diagnosis (Lehmann et al., 2011). MDA-MB-

231 cells are also lacking in the p53 tumor suppressor gene. These cells are violent, 

metastatic and do not respond to existing pharmacological treatments, such as herceptin 

and estrogen antagonists, due to lack of expression of  known therapeutic targets, these 

types of tumors are challenging to treat. Therefore, surplus methodologies and stratagems 

are obligatory to regulate the initial phases of cancer expansion, as well as its progression 

to advanced metastatic resistant phenotypes (McCubrey et al., 2014). 

PC-3 and MDA-MB-231 cells are ideal for testing the efficacy of new therapeutic 

opportunities against the high-grade metastatic lesion.  

1.2.3 Signal transduction     

The molecular mechanisms clarifying by what means healthy cells go through 

neoplastic transfiguration persuaded by tumor promoters are promptly being elucidated. 
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Protein kinase CK2 is a ubiquitous, pleiotropic serine/threonine protein kinase and unlike 

most other protein kinases, CK2 is supposed to be constitutively activated and its 

activation is not controlled by phosphorylation, triggering molecules such as cyclins or 

second messengers. CK2 own anti-apoptotic properties and down-regulation of the 

enzyme action triggers programmed cell death (Trembley et al., 2010). The mitogen-

activated protein (MAP) kinase signaling pathways are also imperative in cancer 

progression and triggered differentially by various tumor promoters. MAP kinases are 

stimulated by translocation to the nucleus, where they phosphorylate multiple 

transcription factors that are imperative in tumor development, including nuclear factor 

kappa B (NFκB) which in turn may activate transcription of a variety of cancer-related 

genes such as cyclooxygenase-2 (COX-2) (Pearson et al., 2001). Diverse array of cellular 

responses comprising; proliferation, apoptosis, inflammation, development and 

differentiation were governed by initiation of the above described signaling cascades 

(Bode and Dong, 2006). The PTEN/PI3K/Akt pathway is deregulated in prostate cancer 

due, in part, to PTEN mutations. PC-3 cells dock a hyperactive Akt that is downstream of 

the Ras/PI3K initiatory cascade. PI3K by means of activating Akt is intricated in pro-

survival functions. Additionally, intensifications of Akt functioning have been testified to 

be associated with the advancement of prostate cancer via fluctuating cell growth and 

angiogenesis (Dan et al., 2008).  

In breast cancer, numerous cell signaling pathways are aberrantly activated to 

produce the myriad of phenotypes associated with malignancy. Such pathways include 

the PI3K/Akt/mTOR and JAK/STAT cascades. Similarly nuclear factor kappa B (NFκB) 

activity is deregulated in many cancers including prostate and breast cancer. NFκB 

transcriptionally activates expression of anti-apoptotic protein members of the Bcl-2, 

survivin and inhibitor of apoptosis (IAP) families, NFκB inhibits both the extrinsic and 

intrinsic death pathways and induces drug resistance (Lerebours et al., 2008). There has 

been intense interest in screening for compounds interfering with cell signaling pathways 

in order to develop improved and effective disease treatments. Natural products are being 

tested with a hope of identifying novel potent biologically active compounds which can 

block multiple signaling pathways to combat cancer (Surh, 2003). 
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1.2.4 Medicinal plants as cancer therapeutic agents   

Currently there is a fast expansion in scrutinizating of compounds which 

intervenes with the debilitated signaling pathways, especially the alterations in the 

functioning of protein kinases; directed to developing improved and more effective 

disease cures. Notwithstanding the amazing effectiveness of some inhibitors, one of the 

consequences of these inhibitors is their non-specificity to target (Patil et al., 2010). 

Alternatively, precise natural or artificial chemical combinations have been largely 

employed for cancer chemoprevention to impede or deteriorate carcinogenesis and to 

abolish cancer spreading (Sarkar, 2007). Natural products are being tested with an 

anticipation of finding novel potent biologically active compounds which combat cancer 

by monitoring multiple signaling pathways (Surh, 2003). Medicinal plants have been 

exploited since eras for maintaining health and to treating an array of diseases prior to the 

advent of modern medicines (Yu et al., 2006). Natural or dietary compounds retain little 

or no toxicity may be used solely or in a merger with conventional chemotherapeutic 

agents to avert or cure various types of malignancies (Gullett et al., 2010). In 

contemporary medicine plants have been an origin for gaining novel anti-cancer drugs, 

for example; vinblastine was acquired from Catharanthus roseus, Taxol was isolated 

from the bark of the Pacific yew tree Taxus brevifolia, camptothecin was derived from 

the bark and stem of Camptotheca acuminata (Volkov and Grodnitskaya, 1994; Wani et 

al., 1971). Technological advancements such as gas chromatography mass spectrometry 

(GC-MS) and liquid chromatography mass spectrometry (LC-MS) have accelerated the 

progression of treatment selection and examination (Niessen, 1998). The leading plant 

derived agents with protective effects against various cancers are flavonoids and dietary 

fibers ubiquitously present in foods of plant origin (Le Marchand, 2002b). Green tea and 

grape seed polyphenols have been shown to exhibit excellent cancer inhibiting properties. 

Resveratrol a flavonoids exhibit anticancer potential by facilitating the inhibition of the 

PI3-K/Akt/mTOR pathway; which intercede a crucial aspect in the control of protein 

synthesis, cell proliferation, tumor growth, metastasis and also chemotherapy resistance 

(Wu and Liu, 2013). Catechin compounds including (-)-epigallocatechin-3-gallate 

(EGCG), (-)-epigallocatechin (EGC), epicatechin-3-gallate (ECG) and (p) catechin, have 
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been revealed to execute cytostatic actions in a variety of tumor models (Hou et al., 

2004). Further, ECGC blocks carcinogenesis by affecting a wide array of signal 

transduction pathways such as JAK/STAT, MAPK and PI3-K/Akt (Siddiqui et al., 2004; 

Albrecht et al., 2008). Additionally, a hydrated form of catechin was reported to 

encourage apoptosis in breast cancer cells via amplified expression of p53 and caspase 8 

(Butt and Sultan, 2009; Ahmad and Mukhtar, 1999; Alshatwi, 2010; Hou et al., 2004). 

Thus establishing the molecular mechanisms of phytochemicals reinforces the 

opportunity of developing harmless and efficacious therapeutic agents for cancer 

treatment (Kim and He, 2013). 

1.2.4.1 Effect of plant derived phytochemicals in chemotherapy 

Cancer patients may be antioxidant deficient and chemotherapy further generates 

free radicals that cause oxidative damage in different organs. It is important to keep 

comorbid conditions in mind considering the state of the entire patient and not just to 

focus on the cancer. The antioxidant status of the patient can remain depressed for some 

months after the cancer treatment and nutritional support helps to ensure the best possible 

general health state (Brom, 2009). 

Oxidant stress shifts the mechanisms of cell killing away from apoptosis to 

necrosis inducing inflammation and promoting cancer progression. Necrosis will increase 

also the risk of developing tumour lysis syndrome. Regulating the oxidant state with 

specific antioxidants, supporting mitochondrial function, and increasing their numbers 

within cancer cells can promote the apoptosis-induced death of chemotherapy. This 

reduces the side effects associated with chemotherapy and may also lower the resistance 

to anticancer agents and the progression of tumour. Different natural compounds can 

improve efficiency of chemotherapeutic agents, decrease the resistance of 

chemotherapeutic drugs, lower and alleviate the adverse side effects of chemotherapy, 

reduce the risk of tumour lysis syndrome, and detoxify the body of chemotherapeutics. 

Various plant-derived agents like genistein, curcumin, epigallocatechin gallate (EGCG), 

resveratrol, indole-3-carbinol, and proanthocyanidin have been shown to be able to affect 

the efficacy of traditional chemotherapeutic agents (Sak, 2012). Catechins from green tea 

can increase the therapeutic effect of doxorubicin in drug-resistant tumours in animal 
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studies. Administration of green tea increases the concentration of this chemotherapeutic 

agent in tumour but not in normal tissue enhancing its antitumour activity. Several 

naturally occurring plant agents like flavonoids can enhance the drug bioavailability by 

inhibiting ATP transporters-mediated drug efflux in vitro, suggesting that such 

interactions could occur also in vivo. It is recommended therefore that diet of cancer 

patients treated with chemotherapy should be rich in herbal constituents (including 

quercetin, kaempferol, naringenin, silymarin, catechins), fruits and berries (e.g., 

grapefruit, orange, apricot, strawberry), and spices (mint, rosemary, curcumin, garlic, 

ginseng, piper nigrum, onion)(Lamson and Brignall, 2000; Sak, 2012). 

 Family Fabaceae or Leguminosae 1.3

The family Fabaceae or Leguminosae consist of about 730 genera and 19,400 

species, mostly famous as a pea, bean or legume family. It is a diverse and economically 

imperative family of flowering plants that consist of trees, shrubs and herbaceous plants, 

usually perennials or annuals. Leaves of the plants are compound stipulated, alternate; 

always possess stipules which can be leaf like, thorn like or inconspicious, margins of 

leaves are mostly entire, or, sometimes serrate; flowers in general have five fused sepals 

and five free petals, generally hermaphrodite, flowers may be actinomorphic or 

zygomorphic, possess short hypanthium, usually possess ten stamens and single 

elongated superior ovary, the ovary usually develop in to legume (fruit), typically 

entomorphilous plants (Raven and Polhill, 1981; Macaya, 1999; Rahman and Parvin, 

2014). The family includes a varied range of edible vegetables and put into horticulture 

and agriculture. They also possess plants with medicinally important compounds. Plants 

are consumed for a variety of other purposes, including tannins, gums and timbers 

(Graham and Vance, 2003). 

1.3.1 Genus Acacia 

The genus Acacia (subfamily Mimosaceae) is vital among the imperative genera 

of the family Fabaceae, incorporates approximately 1350 species, has an extensive range 

of ecological amplitudes and is dispersed in numerous areas all over the world. The name 

Acacia is derived from the Greek word ‘akis’ for its  thorny characteristics (akis, thorn) 
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(Quattrocchi, 2000). The geographic distribution of the genus Acacia is confined to large 

and widespread in the warm sub-arid and arid areas of the world. They are pod-bearing, 

with sap and leave normally possessing large amounts of tannins and condensed tannins 

and use as pharmaceuticals and preservatives (Maslin et al., 2003).  

1.3.1.1 Medicinal uses of genus Acacia 

Species of the genus Acacia possess various biological activities; these include 

hypoglycemic, anti-inflammatory, antitumor (Sakthivel et al., 2012), cestocidal (Ghosh et 

al., 1996), antifungal (Lopes et al., 2009), antiplatelet aggregation, spasmogenic and 

vasoconstrictor, antihypertensive, anti-hepatitis C virus activity (Lee et al., 2011) 

antioxidant potential (Singh et al., 2010b), wound healing potential (Tung et al., 2009b), 

antinociceptive (Dongmo et al., 2005), chemopreventive and antimutagenic (Meena et al., 

2006), anthelmintic activity (Bachaya et al., 2009). Genus Acacia provides lavish assets 

of medicinally active constituents, including; flavonoids,  phenolics, saponins, 

polysaccharides, tannins, terpenoids, androstene steroid, alkaloids, gallic acid, ellagic 

acid, isoquercitin, kaempferol, naringenin, rutin, lupane, niloticane, umbelliferone and 

catechin (Seigler, 2003; Sakthivel et al., 2012). Flavans from the Acacia genus were 

described to have a dual specificity for inhibition of the enzymes cyclooxygenase COX-2 

and 5-lipoxygenase (5-LO) (Burnett et al., 2007). The A. Arabica bark has antioxidant 

efficacy against TBH-encouraged free radical injury showed protection against carbon 

tetrachloride (CCl4) -induced hepatic damage. These activities are ascertained due to the 

presence of (+) catechin, (-) epicatechin, (+) dicatechin, quercetin, gallic acid, (+) 

leucocyanidin gallate, sucrose and (+) catechin-5-gallate in the bark extract (Sundaram 

and Mitra, 2007). Methanol extract of A. nilotica leaves and ethanol extract of A. nilotica 

stem bark were tested against Gram positive and Gram negative bacteria. The results 

point out that the extracts revealed antimicrobial activity against both types of bacteria 

(Mahesh and Satish, 2008; Banso, 2009). The ethanol extract of A. nilotica leaves 

showed antimicrobial activity against Campylobacter coli isolated from goats (Wisdom 

and Shittu, 2010). A. nilotica bark extract prevents hepatic malondialdehyde induction 

and reduces liver injury (Singh et al., 2009b). A. nilotica pods have been evaluated for the 

antihypertensive and antispasmodic activity. Methanol extract of A. nilotica inhibited the 
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spontaneous contraction of rabbit jejunum (Gilani et al., 1999). Various species of genus 

Acacia are being employed in the management of cancer. Ghate and colleagues reported 

that heart wood extract of A. catechu encouraged apoptosis in human breast carcinoma 

cells by changing the BAX/Bcl-2 ratio. (+) -Catechin isolated from A. catechu induced 

concentration dependent inhibition of cancer cell proliferation in MCF-7; A431 and 

HepG2 cells (Ghate et al., 2014). Moreover, Acacia honey induced apoptosis in PC-3 

cells via modulation of G0/G1 cell cycle phase, pro-inflammatory cytokines, calcium ion 

release and via depressed regulation of prostate specific antigen in vitro (Aliyu et al., 

2012). 

1.3.1.2 Acacia hydaspica R. Parker 

Acacia hydaspica R. Parker belongs to family Leguminosae is reported to be 

common in Iran, India and Pakistan (Zargari, 1997). However, in Punjab in Pakistan, 

there has been habitat loss as a result of expanding populations, with agricultural and 

infrastructure developments. It is a thorny species which affords some protection from 

the effects of overgrazing; however, it is browsed by goats and camels and is commonly 

used as fodder, fuel and wood. Its habitate is terrestrial and this bushy shrub or tree is 

found in scrub, open rocky, dry areas and sandy soils (Ali, 2014). There are no specific 

conservation measures in place for this species. It is found in existing protected areas 

within its range, for example, it is in the Floral list of Chhumbi-Surla Wildlife Sanctuary, 

Chakwal, Pakistan (August 1995) (Chaudhry et al., 2001), although this reserve is still 

used by local people for fuelwood and grazing. It is treated as a synonym of A. eburnea 

(Chakrabarty and Gangopadhyay, 1996). The ICUN red listing indicated that the extent 

of Occurrence (EOO) for this species exceeds the critical threshold for a threatened 

category. The Area of Occupancy (AOO) is also inferred to exceed the threshold as 

suitable habitat still remains in Iran. The population is also inferred to exceed the 

threshold as it was reported to be common in Iran. On this basis it is assessed as Least 

Concern (LC) (http://www.iucnredlist.org/details/19892268/0). For present work large 

extent of collection has been done and voucher specimen (0642531) was assigned and the 

herbarium specimen was submitted in the Herbarium of Pakistan, Museum of Natural 

History, Islamabad for future reference. 
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Plant is a slender deciduous shrub, 1.2-1.8 m tall, twigs glabrous slightly zigzag, 

bark smooth, long stipular spines, longitudinally veined, seeds 1-8, areole not well 

marked, inflorescence globose pedunculate heads, in the axils of leaves, solitary or in 

pairs, Calyx 1.5 mm long, campanulate, Corolla 3 mm long or less. Pod 10-15 cm long, 

5-7 mm broad, flat, straight or curved, stipitate, glabrous, longitudinally veined. The 

photograph of plant is shown in figure 1.1. The bark and seeds of plant are excellent 

source of obtaining tannins. The plant locally consumes as antiseptic and for cleaning 

teeth. The traditional healers of India use various parts of the plant for the treatment of 

diarrhea, the leaves are helpful in the cure of dysentery (Arulappan et al., 2015); the 

leaves and the bark are beneficial in stopping secretion or bleeding. The pods are helpful 

in removing catarrhal matter and phlegm from the bronchial tubes. The gum dispels 

irascibility of the skin and pacifies the inflamed membranes of the pharynx, alimentary 

canal and genitourinary organs(http://trade.indiamart.com/details.mp?offer=6763150691) 

(Afsar et al., 2015). Species of the Leguminosae family, particularly of the genus Acacia 

possess various medicinally active compounds e.g. flavonoids, catechin, terpenes, 

alkaloids, diterpenes, saponins, cyanogenic glycosides, tannins, high percentage of 

phenolic constituent etc. Due to the presence of these secondary metabolites these species 

are of substantial phytopharmaceutical importance and therapeutically used for the 

treatment of various diseases (Malviya et al., 2011; Duarte and Wolf, 2005). A. Arabica 

bark is an ingredient of various traditional preparations, used in the treatment of asthma, 

bronchitis, diabetes, dysentery, diarrhea and skin ailments (Sundaram and Mitra, 2007). 

A. nilotica is used for the cure of various ailments, including tuberculosis, pneumonia, 

gonorrhea, and small pox. A. nilotica showed a strong antimicrobial activity against both 

bacteria and fungi (Malviya et al., 2011). Gum Acacia (gum arabic) has been employed 

for its medicinal assets from almost 2500 years. It has been exploited as a demulcent 

(relaxing and protectant agent) and emulsifier, is also employed to maximize the 

viscosity of solutions and suspensions. Acacia species are used for managment of various 

types of mouth, bone and skin diseases (Ali et al., 2012). 

 

 

http://trade.indiamart.com/details.mp?offer=6763150691
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Objectives of the study 

Current research was intended to study the phytoconstituents as well as therapeutic 

impact of A. hydaspica by in vitro and in vivo assays. The key points of the analysis are 

as follows: 

 Qualitative and quantitative phytochemical screening 

 Phytoconstitutent fingerprinting of A.hydaspica methanol extract by GC-MS 

 HPLC-DAD screening of crude extract and its different fractions 

 Total phenolics (TPC) and flavonoids (TFC) content estimation  

 Mineral analysis of plant 

In vitro bioactivity analysis 

 Free radical scavenger ability testing by performing various biochemical tests 

and estimating their correlation with TPC and TFC 

 Anti-hemolytic, Antimicrobial and cytotoxic evaluation 

      Pharmacological evaluation 

 Acute toxicity evaluation in rats 

 Evaluation of A. hydaspica for anti-pyretic, anti-inflammatory, analgesisc and 

anti-depressant potential 

In vivo studies  

 Evaluation of A. hydaspica active fraction against chemotherapeutic drugs 

(Cisplatin and Doxorubicin) provoked toxicity in various organs  

 Body and organ weight determination  

 Serum analysis for a determination of the protective effect of plant against  

       Cisplatin and Doxorubicin intoxication 

 Urine screening 

 Antioxidant enzymes and oxidative stress marker analysis in various     

       tissues 

 Histopathological examination 

Compound isolation and bioactivity evaluation 

 Bioassay guided isolation of bioactive compounds from A. hydaspica 

 Structure elucidation of isolated active compounds 
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 Antioxidant activity of isolated compounds using various in vitro radical 

scavenging and antioxidant capacity assays 

 Study of growth inhibition and induction of apoptosis in prostate and breast 

cancer cells after treatment with polyphenolic compounds of Acacia hydaspica: 

analysis of multiple signal transduction pathways  

 Anti-proliferative effect of treatment of AHCs in PC-3 and MDA-MB-231 

cells.  

 Morphological analysis of PC-3 and MDA-MB-231 cells after AHCs 

treatment 

 Florescence microscopic analysis of PC-3 and MDA-MB-231 cells after 

AHCs treatment for the detection of apoptosis using AO/EB, PI and DAPI 

staining 

 Clonal survival assay of PC-3 and MDA-MB-231 cells after treatment with 

AHCs 

 Western blot analysis of JAK2, phospho-Akt, phosphor-ERK1/2, NFκB 

p65 P-Ser 529, phospho-IκB Ser32/Ser36, Bcl-2,  Bcl-xL and Survivin 

expression in PC-3 cells after AHCs treatment 

 Western blot analysis of different tumor promoter-induced transcription 

factors and kinases i.e. CK2α, PI3-K, JAK2, phospho-STAT3 Tyr705, 

NFκB p65, NFκB p65 P-Ser 529, phospho-IκB Ser32/Ser36, Bcl-xL, 

xIAP and Survivin in MDA-MB-231 cells. 
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         Figure 1.2: Photograph of Acacia hydaspica R.Parker  

 



Chapter 2                                                                                                Review of literature 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                             19 

 

2                                   Review of literature 

 Suitable medications are the one of the necessities for the improvement of the 

primary health care. Plants are the major source of remedy from ancient times either in 

the form of pure active source or in the form of extracts used by local healers. It is of the 

core necessities to find locally available plants and extracts that could establish safe, 

beneficial and cost effective drugs, and can substitute old pharmaceutical preparations 

that are usually imported or purchased costly (Farnsworth et al., 1985). Globally, there is 

an increase in scientistsʹ interest toward natural resources specially plant derived products 

as they are usually characterized by higher levels of suitability and toleration (Jagetia et 

al., 2004). Certainly local practice of plants is unrestricted in developing countries, but it 

is obligatory to ascertain the pharmaceutically vital means accountable for protection 

against fatal ailments. Numerous methods are being followed in selecting plant materials 

while exploring for novel medicinal herbs and bioactive phytochemicals. Ethnobotanical 

therapeutic knowledge of medicinal plants is frequently of significance for tracking novel 

potential medicinal plants. Another substantial system of finding new therapeutic plants 

and phytochemicals is through phylogenetic linkage, in which several closely related 

species of plants are investigated for their bioactivities are supposed to carry a related 

phytochemical constituent which is recognized as chemotaxonomy. Unsystematic 

random sampling, for instance; collection of plants from certain habitats with a higher 

variety of species such as that of tropical rain forests, might be beneficial for discovering 

novel therapeutic entities, but to some level time-taking and needs diligence. This sort of 

sampling is expected to be for the industrial means and most possibly to be applied to 

exploring plants for bioactive phytochemicals (Eloff, 1998). 

 Therapeutic plants: a reservoir of antioxidants  2.1

The primary mechanism of various human pathological conditions such as 

inflammation, diabetes, digestive tract disorders, viral infections, neurodegenerative 

conditions and autoimmune diseases is reactive oxygen species (ROS) induced oxidative 

cellular injury (Halliwell, 1987). It is suggested by scientific documentation that ROS 

induced cellular damages can be overcome and neutralized through chemo-deterrence by 
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means of therapeutic herbs and foods. On the basis of past achievements about natural 

products, varieties of remedial flora have been considered in favor of their anti-oxidative 

prospective. The level of harm induced by oxidants may be neutralized by consumption 

of some oxidant scavengers like phytochemicals. A variety of phytochemicals with 

antioxidant potentials are present in plant sources which are known to have high efficacy 

in the background of remedial purpose to combat and cure oxidative stress. Plant 

secondary metabolites, for example; flavonoids, α-tocopherol, terpenes, alkaloids and 

carotenoids have ascribed substantial focus in current age due to their enormous 

pharmacological properties together with cytotoxic and chemo-preventive effects (Dai 

and Mumper, 2010). Fruits, vegetables and medicinal plants are the major sources of 

obtaining polyphenols. The impending health advantages of polyphenol ingestion have 

been proposed to stem from their antioxidant assets. 

To avert oxidative damage of cellular components, for instance; proteins, DNA 

and lipids, organisms comprises of an intricate network of antioxidant molecules and 

enzymes. These antioxidants either remove the reactive oxygen species before they can 

spoil the cellular components or prevent them from being formed. The active oxygen 

species produces hypochlorous acid (HOC1), hydrogen peroxide (H2O2) and free radicals 

such as hydroxyl radical (OH.) and superoxide anions (O
2-

). During the sequential 

reduction of molecular oxygen these reactive oxygen species are generated (Vertuani et 

al., 2004). 

Antioxidant potential of plant has been correlated with phenolics and flavonoid 

content of the plant. Khan et al. found good correlation of antioxidant activity of Sonchus 

asper and total phenolic content by using various non-polar and polar solvents. Minimum 

IC50 value for in vitro free radical scavenging assays was illustrated by methanol extract 

possessing maximum total phenolic content (Khan et al., 2012c).  

According to Kalaviani and Mathew; phenolic compounds contained in Acacia 

nitolica were accountable for the antioxidant prospective of plant. Ethanol extract (EA) 

gleaned from the leaves of A. nilotica showed significant antioxidant efficacy 

corresponding to all the standard controls used in their study such as quercetin, 

tocopherol, ascorbic acid and catechin in DPPH quenching assay. Quantitative 
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phytochemical stimation indicate that this fraction possess highest total phenolic content 

(TPC) and total flavonoid content (TFC) (Kalaivani and Mathew, 2010). 

Singh and colleagues evaluated the antioxidant activity of Acacia auriculiformis 

A. Cunn in different in vitro antioxidant assays. The extract was fractionated using 

solvents of increasing polarity and antioxidant efficacy of all fractions was measured 

using DPPH radical, hydroxyl radical, reducing power, iron chelating and lipid 

peroxidation assays. According to their findings ethyl acetate fractions showed the 

maximum antioxidant and free radical quenching potential in various tested assays (Singh 

et al., 2007a). 

Acacia species are plentiful in polyphenolic constituents and famous to carry 

outstanding antioxidant possessions that aid in inhibition and treatment of heterogenous 

oxidative stress accompanying ailments including cardiovascular, neurodegenerative and 

cancer. A. nilotica bark extract enhance the antioxidant enzymes [viz., glutathione 

peroxidase (GPx), catalase (CAT), superoxide dismutase (SOD) and glutathione S 

transferase (GST)] functioning and deteriorate oxidative stress in the hepatic tissue of N-

nitrosodiethylamine treated rats (Malviya et al., 2011). Singh and coworkers indicated 

that A. nilotica green pods exhibited excellent antioxidant potential, its phenolic 

composition and quantification was accomplised by HPLC and MS/MS experiments 

which revealed that active extract was rich in gallic acid, ellagic acid, epicatechin and  

rutin (Singh et al., 2009a). Chief chemical components of A. catechu wild are catechin, (-

) epicatechin, phloroglucin, protocatechuic acid, epigallocatechin, quercetin, 

poriferasterol glucosides, poriferasterol acyglucosides, epicatechin gallate, 

epigallocatechin gallete, rocatechin, lupenone, lupeol, procyanidin AC, kaempferol, 

dihydrokaemferol, taxifolin, (+)-afzelchin gum and minerals (Sharma et al., 1997; 

Lakshmit et al., 2011). The principal secondary metabolites of the A. catechu heartwood 

are catechin and epicatechin. Catechins have outstanding antioxidant and antimicrobial 

potency (Dubey et al., 2009).   

Several phenolic constituents were isolated from Acacia species such as ellagic 

acid, naringenin, isoquercitin, gallic acid, kaempferol‐7‐diglucoside, rutin, 

leucocyanadin,  (+)‐catechin‐5‐gallate, apigenin‐6,8‐bis‐C‐glucopyranoside, m‐catechol, 
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m-digallic acid, gallic acid, protocatechuic, oligomer 3,4,7- trihydroxy flavan 3,4-diol, 

ellagic acids, mdigallic dimer 3,4,5,7-tetrahydroxy flavan-3-ol, leucocyanidin, 3,4,5,7- 

tetrahydroxy flavan-3-ol, (-) epicatechol etc . Antioxidative characteristics of numerous 

isolated compounds were also evaluated (Malviya et al., 2011).  

Owing to the antioxidant prospective of phenolic compounds and flavonoids their 

study has become of great interest. Phenolic compounds and dietary flavonoids which are 

extracted from plants have acquired many biological preventive actions like attenuation 

of enzymatic activities, scavenging of reactive oxygen species, regulation of genomes, 

signal transduction and prevention of several human diseases (Stevenson and Hurst, 

2007). 

 Plants as therapeutics in various biological assays 2.2

The efficacy of phytochemicals and plant extracts both with accepted 

antimicrobial capacities can be of pronounced significance for remedial purposes. World 

Health Organization (WHO) declared that traditional medicines are harmless cures for 

the ailments of both microbial and non-microbial origins (WHO, 1978). 

Currently, a lot of investigations have been done in various states to verify these 

potentials (Ikram and Haq, 1980; Almagboul et al., 1985; Izzo et al., 1995; Sousa et al., 

1991; Nascimento et al., 2000). Several plants have been used for the reason that they 

possess antimicrobial potential owing to the occurrence of phytochemicals produced 

during the process of secondary metabolism in plant. Such composites are recognized by 

their bioactive constituents such as the polyphenolic agents being component of 

phytochemicals (Janssen et al., 1976; Saxena et al., 1994). Use of efficient and 

inexpensive methods is essential for the screening of antimicrobial activity of diverse 

flora. Besides this test organism should be also preferred on the basis of specific 

intension behind investigation. More and coworkers examined the antimicrobial vitality 

of eight medicinal plants traditionally used in South Africa for oral diseases. The study 

out comes that gram negative bacteria were revealed to be more challenging for the tested 

plant extracts as compared to gram positive bacteria.  

Various members belonging to Acacia genus have also been accounted to be 

useful in conventional drugs to cure several microbial infections and array of related 
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diseases including malaria, sore throat (aerial part) and toothache (bark) (Kubmarawa et 

al., 2007). A. nilotica is considered as an auspicious resource for antibacterial drugs due 

to the possession of antimicrobial phytoconstituents.  

Arias and colleagues reported the antibacterial potency of seven ethanol and three 

aqueous extracts obtained from various parts (leaves, stem and flowers) of A. aroma 

against 163 strains of multiresistant bacteria comprising both gram positive and gram 

negative strains via disc diffusion method. They concluded that ethanol extracts from 

various plant parts were active against gram positive bacteria, while gram negative 

bacterial strains shows susceptibility to only leaf and flower fluid extracts and their MIC 

values against gram negative bacteria were revelaed from 0.067 to 0.308 mg/ml range. 

These findings sustain the folklore use of this plants as the selection of strains was based 

on its effectiveness against wound healing, antiseptic and gastrointestinal disorders (Arias 

et al., 2004). Furthermore investigative of active metabolites by TLC reveals the presence 

of the presence of flavonoids; rutin and quercetin, and sapogenines: oleanolic acid and β 

amirine. It was concluded that A. aroma extracts own compounds with antibacterial 

properties that can be used as bacterial growth inhibitory agents in novel drugs (Mattana 

et al., 2010).  

Lambert and pearson stated that MIC assay system is a highly approved measure 

to estimate the propensity of organism as inhibitors and is supported by majority of 

microbiologists working on medicinal plants (Lambert and Pearson, 2000). 

Negi and Dave demonstrated the antimicrobial activity of A. catechu methanol 

extract against six types of pathogenic and non-pathogenic microorganism’s viz. B. 

subtilis, S. aureus, S. typhi, E. coli, P. aeruginosa and C. albicans. Staphyloccus aureus 

showed maximum susceptibility. Both gram negative and gram positive strains were 

affected by methanol extract. They concluded that the antibacterial and antifungal 

prospective of leaf extracts of A. catechu was attributed to its extraordinary terpene 

quantity. Terpenes are acknowledged to be the component of a plant's defense system and 

are counted among one of the large group of biologically potent molecules present in 

plants termed as ‘phytoprotectants’ (Negi and Dave, 2010).Biological activities should be 

correlated with phytochemicals in order to corroborate activity with respective chemical 
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constituent (van Vuuren, 2007). For example ethanol extracts of Caesalpinia mimosoides 

was shown to be effective against fungi (M. gypseum and T. rubrum); gallic acid (a 

tannin) was identified as the chief antimicrobial metabolite of the extract (Chanwitheesuk 

et al., 2007). Methanol extract from Myracrodruon urundeuva containing cinamic 

derivatives, flavonoids, gallic acid, luteolin and tannins displays antifungal action against  

Fusarium (Sá et al., 2009). 

Mashram, Mahesh and Satish have reported the anti-microbial activity of A. 

nilotica against S. aureus, B. subtilis and E. coli. The leaf and bark extracts showed zone 

of inhibition ranged from 7.5-16 and 8-15.5 mm respectively and the E. coli strain seems 

to be more susceptible (Mashram, 2009; Mahesh and Satish, 2008) 

 Dried Fruits from A. nilotica mostly used for the treatment of oral candidiasis 

were active against C. albicans. Methanol extract of the plant show positive activity 

against two different animal viruses: Newcastle Disease and Fowl pox Viruses 

(Abdelrahman, 2010). Antifungal efficacy of A. nilotica bark comprising significant 

amount of antimicrobial agents have been also testified on animals and the zone of 

inhibition was 7.62 mm at the end of 48 h (Pai et al., 2010). 

A lot of investigations have been done to elucidate the mechanisms behind 

antimicrobial action of plant phytoconstituents but still it is less understood. Flavonoids 

may inhibit cytoplasmic membrane function, DNA gyrase, β-hydroxyacyl-acyl carrier 

protein dehydratase functions (Cushnie and Lamb, 2005; Zhang et al., 2008); the 

isoflavone genistein was capable to alter cell morphology (formation of filamentous 

cells) and impede the synthesis of DNA and RNA of Vibrio harveyi (Ulanowska et al., 

2006). It has been anticipated that terpenes stimulate membrane disturbance, coumarins 

induce diminution in cell respiration and tannins action on microorganism membranes 

besides binding to polysaccharides or enzymes for endorsing microbial inactivation (Cai 

et al., 1989; Chung et al., 1998; Cowan, 1999). Current research ought to focus on the 

extraction and identification of bioactive compounds, buts it’s also important to have an 

understanding that a sole compound may not be accountable for the detected action but 

preferably a concoction of phtyconstituents might act together in an additive or 

synergistic mode.  
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Red blood cells are exploited comprehensively in drug delivery due to their  

abundance and desirable physiological and morphological characteristics (Hamidi and 

Tajerzadeh, 2003). Oxidative injury to the erythrocyte membrane (lipid/protein) might be 

concomitant to hemolysis accompanying with some hemoglobinopathies, radiations, 

oxidative drugs, as well as diminution in erythrocyte antioxidant systems (Blasa et al., 

2007). The antihemolytic efficacy of the extracts was determined to rule out the likely 

cytotoxic mechanism along with evaluation of the safety of the phytocompound for the 

preparation of natural drugs. Kalaivani et al. demonstrated the cytotoxic, free radical 

quenching and anti-hemolytic potential of A. nilotica. They concluded that A. nilotica 

leaves possess cytotoxic potential against cancer cell lines while tested extract exhibit 

antihemolytic activity against human red blood cells revealing their cytotoxic actin and 

non-toxicity, further more they verified ethyl gallate as an active constituent from the  

leaves of A. nilotica responsible for the detected action (Kalaivani et al., 2011b; 

Kalaivani et al., 2011a) 

Exploration of remedial plants for biologically effective compounds has been 

evolving as an imperative source for cancer associated drug development. Maximum 

numbers of anticancer drugs presently employed in chemotherapy are toxic to healthy 

cells resulting in undesirable consequences. Therapeutic application of numerous 

anticancer drugs, for instance; anthracyclines encouraged oxidative trauma in non-

cancerous tissues in various organs like heart, brain, liver and others (Chen et al., 2007). 

Hence, exploration for therapeutics that can lessen the associated detrimental  effects of 

anticancer drugs in healthy tissues remains indispensable (Sun and Peng, 2008). 

Popoca and colleagues carry out the cytotoxic bioscreening of crude extracts 

against human tumor cells. The extracts employed in the investigation were obtained 

from nine different plants which were frequently used in Mexican conventional 

medicines for the cure of cancer. For each plant species three different extracts 

(petroleum ether, ethyl acetate, and methanol) were tested and their findings revealed that 

three plants namely Colubrina macrocarpa, A. pennatula and Hemiangium excelsum 

exhibited imperative cytotoxic efficacy with a certain extent of selectivity against the 

tested cells in vitro (Popoca et al., 1998). 
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Kaur et al. evaluated the antimutagenic and cytotoxic efficacy of particular 

extracts/fractions of A. nilotica. The active acetone fraction in Ames and cytotoxic assays 

was further partitioned. Two pure active fractions were obtained and gallic acid was 

identified as one among the two pure active fractions. They ascertained the antimutagenic 

and cytotoxic actions demonstrated by acetone extract to the occurrence of gallic acid and 

additional polyphenols (Kaur et al., 2005). 

Ye et al. tested grape seed polyphenolic extract (GSPE) against human cancerous 

and normal cell lines. Their results conclude that GSPE exhibit cytotoxicity toward 

cancer cell lines while enhance cellular proliferation in normal cells which were 

examined (Ye et al., 1999). Weisburg and coworkers demonstrated that tea polyphenolic 

extract and its main constituent epigallocatechin gallate (ECGC) showed more 

pronounced antiproliferative effect against immortalized, tumourigenic cells then toward 

normal fibroblast cells. ECGC act as prooxidant for cancerous cells while normal cells 

were less sensitive to ECGC induced oxidative stress (Weisburg et al., 2004). ECGC is 

widely studied green tea polyphenol which act on cancerous cells by inhibiting their 

cellular proliferation (Uesato et al., 2001; Takada et al., 2002), revamp cell cycle 

progression (Salucci et al., 2002), persuade apoptosis (Ahmad et al., 1997), differentiate 

signaling pathways in cancer versus healthy cells (Ahmad et al., 2000; Zaveri, 2006) and 

promote telomerase shortening (Naasani et al., 2003). 

 Anti-inflammatory, analgesic and antidepressant activities 2.3

Inflammation is one of the major physiologic protection systems against various 

threats such as burn, toxic chemicals, infections, allergens and other stimuli. 

Inflammation is an autoimmune response and is a complex course of action through 

which the damage in tissues are repaired and body protects itself against harmful signals, 

initiated by pathogens, toxic mechanical and chemical agents. As a result of inflammation 

some endogenous molecules are produced by the cells. Cytokines and proteins are 

generated from macrophages and monocytes that play an imperative part in the 

development of immunity. Cytokines play a fundamental role during inflammatory 

reactions by activating cells like macrophages, mast cells and neutrophils which help in 
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communication of cells during inflammation and causes production of prostaglandins. 

(Karpel, 2001; Ikeda et al., 2008). 

Inflammation, pain and pyrexia underlie several pathological conditions. 

Synthetic drugs, i.e. NSAIDs, opiods and corticosteroids are clinically main drugs used 

for the treatment of inflammatory disorders, however their long term use may induce 

toxic effects including; gastrointestinal ulcers, bleeding, renal disorders etc. (Griffin and 

Marie, 1998; Cryer and Duboisø, 1998). Globaly attempts are in progress towards 

developing effective, economic and innocuous drugs by introducing novel therapeutic 

plants (Vane and Botting, 1995). The exploration on plants with obvious folklore usage 

such as agony relievers, anti-inflammatory agents, ought to be regarded as a prolific and a 

rational research approach towards seeking for novel anti-inflammatory drugs (Mirjalili 

et al., 2007).  

Plant based anti-inflammatory agents are being explored as a potential alternative 

tool and have known to given rise a number of varieties of beneficial compounds isolated 

from the plant extracts and agents derived from terrestrial plants and marine organisms 

including the substances belonging to diverse categories of phytopharmaceuticals like; 

glycosides, alkaloids, terpenoids, polysaccharides, flavonoids, fatty acids, phenolic 

compounds, cannabinoids and steroids. Alkaloids are the basic nitrogenous compounds 

which shows marked physiological actions when given in low concentration. The plant 

families possessing anti-inflammatory activities (AIAs) include Leguminosae, 

Solanaceae, Papaveraceae, Apocynaceae, Liliaceae, Rutaceae, and Ranunculaceae 

(Dharmasiri et al., 2003). 

Different species of Acacia were evaluated for their anti-inflammatory, antipyretic 

and analgesic efficacy in various animal models. Aqueous extract of the bark of A. karroo 

provided remarkable anti-inflammatory action against the carrageenan and histamine 

impelled edema and analgesic activity via acetic acid induced writhing test in 

experimental animals (Adedapo et al., 2008). Bukhari and colleagues assessed the 

analgesic, anti-inflammatory and antiplatelet potential of the methanol extract of A. 

modesta by employing formalin, acetic acid, hot plate and carrageenan induced edema in 

rodents (Bukhari et al., 2010). Acute (xylene-induced) and chronic (cotton pellet-
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induced) anti-inflammatory effects of A. nilotica have been investigated in rat (Sokeng et 

al., 2013). Petroleum ether, chloroform and methanol extract of A. comigera were 

evaluated against croton oil induced dermatitis in mice (Maldini et al., 2009). Ethanol 

extract of the seeds of A. suma was evaluated against the carrageenan induced hind paw 

edema in rat model, whereas analgesic potential was estimated by acetic acid prompted 

writhing and formalin persuaded licking tests in mice (Mondal et al., 2013). Dafallah and 

Al-Mustafa reported the inhibitory effect of A. nilotica on carrageenan induce pedal 

edema and yeast induced pyrexia in rodent model and extract also significantly increase 

reaction time in hot plate test. Flavonoids, polysaccharides and organic acids might be 

responsible for the observed pharmacological activities (Dafallah and Al-Mustafa, 1996). 

Dogmo et al. tested the butanol fraction of leaves of A. pennata for analgesic and anti-

inflammatory efficacy in rodent models. They demonstrated that extract exhibited 

noteworthy healing effects against chemical stimuli (formalin and acetic acid) in the 

mouse and showed significant ability to reduce pressure-induced pain in the rats. 

Furthermore extract potently inhibited pedal edema in carrageenan induced paw edema 

test in the late phase of inflammation. The results proposed that a peripheral mechanism 

is involved in the analgesic effect associated to its anti-inflammatory effect (NSAIDs-

like). Phytochemical analysis indicated the occurrence of flavonoids that might be 

primarily accountable for the pharmacological activities (Dongmo et al., 2005). 

Depression is the most prevelent enduring complaint in clinical observations 

(Whooley and Simon, 2000) and will turn out to be the 2
nd 

dominant basis of premature 

deaths or developemental disabilities globally by the year 2020 (Organization, 1999). A 

large percentage of anxious or depressed patients respond to the presently employed 

treatments but the magnitude of improvement is still disappointing. Although there are 

many effective antidepressants available today (Hosseinzadeh and Noraei, 2009), the in 

progress armentarium of rehabilitation is often insufficient with substandard outcomes in 

about one third of the treated subjects. This demands the enhancement of newer and more 

operative antidepressants from traditional medicinal plants whose psychotherapeutic 

potential has been assessed in a variety of animal models (Mahmoudi et al., 2009). 
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Forced swimming test (FST) is recognized as a representative to examine the 

behavior for antidepressant ability in rats subsequent to acute or short term cure. In this 

assay animals are required to swim in a restricted area. Animals show energetic climbing 

and swimming ability followed by immobile posture presenting only movements to 

maintain head above water surface. This immobile action demonstrates lower mood. The 

components that reduce this behavior are known to have antidepressant activities (Porsolt 

et al., 1979). The test is specific and sensitive to a variety of groups of antidepressants. 

All the anti-depressant drugs mainly decrease the immobility duration while the vigorous 

behavior both swimming and climbing are different reliant upon the antidepressant agent 

present in the plant extract. Tail suspension tests (TST) is an also another procedure to 

screens antidepressants, in this test animal is hanging from a certain level by the tail and 

the actions of the animal are noted down. The entire time interval of the test (6 min) can 

be disseminated into postures of anxiety and motionlessness. Several psychotropic drugs 

were evaluated through this method. Antidepressant drugs decreased the period of 

immobility, as executed by psychostimulants and atropine.This experiment can explicit 

the locomotor stimulant measures from antidepressant measures if coupled with the  

assessment of locomotor activity in different conditions  (Steru et al., 1985).  

Globally herbal medicines are extensively used due to their therapeutic efficiency 

and minimum side effects, therefore scientific research regarding the antidepressant 

activity of herbal medicines has also been accelerated (Dhingra and Sharma, 2006). 

Vadthya et al. conducted an experiment to estimate antidepressant activity of 

polyphenolic formulation from Smrithi, and compared effect with that of standard 

antidepressant Imipramine and standard polyherbal formulation Mentat. Polyphenol rich 

Smrithi showed antidepressant activity in FST and TST by increasing the level of 

Noradrenaline and serotonergic transmission in brain (vadthya*1 et al., 2013). 

Genus Acacia species possess numerous polyphenolic compounds and implicated 

in management of various disorders such as antioxidant, anti-inflammatory and anti-

microbial properties However, they also possess biological activity in neurological 

disorders, especially depression. Species from family Leguminosea or Fabeacea were 

reported to possess antidepressant activity for example; intravenous administration of 
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lectins (at the dose of 1–10 µg/site) obtained from the seeds of Canavalia brasiliensis 

(Family: Leguminosae) considerably decline immobility interval of male Swiss albino 

mice in FST. Methanol extract of Clitoria ternatea aerial parts (Family: Fabaceae)’s at 

100 and 400 mg/kg p.o. dose noticeably decrease the immobility interval in TST, which 

is equivalent to fluoxetine (10 mg/kg i.p. dose) in mice. Furocoumarins extracted from 

the seeds of Psoralea corylifolia L. (Family: Leguminosae) administered for 3 successive 

days (at the dose of 7.5 to 100 mg/kg, p.o.) substantially lessen the immobility interval in 

FST in male mice and higher doses showed more significant effects compared to 

amitryptyline (10 and 20 mg/kg) and fluoxetine (13 mg/kg). Ethanol and petroleum ether 

extract of seeds of Trigonella foneum-graecum (Family: Leguminosae) administered 

consectively for one week (at a dose of 50 mg/kg) exhibited noteworthy anti-depressant 

action by lessening the immobility period in despair swim test and TST (Dhamija et al., 

2011). Chhillar and Dhingra illustrated the antidepressant like activity of gallic acid in 

anxious and un-anxious mice probably due to its antioxidant potential and via inhibition 

of MAO-A action, fall in plasma nitrite and corticosterone levels (Chhillar and Dhingra, 

2013). 

 Cisplatin induce oxidative stress 2.4

Cisplatin (cis diamminedichloroplatinum-II, CP) is a widely recommended drug as 

a front line adjuvant therapy in “battle against cancer” such as testicular, gut, stomach, 

head and neck, ovarian, cervical, germ cell tumors, non-small cell lung carcinoma  etc. 

CP therapy was aiming to excite tumor cell death by developing covalent adducts with 

cellular DNA , intervening transcription and DNA replication processes, and induce 

apoptosis by intervening different signal transduction pathways; including death receptor 

signaling, calcium signaling and activation of mitochondrial pathways (Dasari and 

Tchounwou, 2014). Unfortunately the cytotoxic and apoptotic effects of CP are not 

exclusively impelled in cancer cells thus CP treatment is overwhelmed by various 

problems including  drug resistance and adverse side effects such as nausea, vomiting, 

bone marrow suppression, gastrointestinal toxicity, neurotoxicity (neuron damage), 

ototoxicity (hearing loss) and hepatotoxicity whilst its principal dose limiting adverse 

effect is its renal toxicity (Kintzel, 2001; Rabik and Dolan, 2007). 
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Oxidative trauma has been implicated as lead underlying mechanisms of CP- 

induced toxicity. The chief target for CP-induced oxidative trauma is mitochondrion, 

consequential in; impairment of mitochondrial protein-SH, limited or reduced calcium 

uptake, decrease mitochondrial membrane potential and diminished ability to encourage 

apoptosis in cancer cells (Saad et al., 2004). Besides the site of ROS generation, the 

altered expression of anti- and pro-apoptotic proteins and their association to redox 

system in the cell upon CP treatment will provide valued understanding regarding 

different approaches for the prevention of CP adverse actions while retaining its 

effectiveness (Bianchi et al., 2006). 

Nephrotoxicity associated with CP-treatment results due to accumulation of drug in 

the mitochondria of renal tubular epithelial cells; primarily proximal straight and distal 

convoluted tubules. Here its buildup endorses cellular damage, reduces glomerular 

filtration rate, alter intraglomerular hemodynamics and induces; crystal nephropathy, 

thrombotic microangiopathy and rhabdomyolysis (Schetz et al., 2005; Wild, 2012; Zager, 

1997)). Most of the DNA detrimental agents generally have not as much of toxicity in 

non-multiplying cells, yet CP selectively damaged the non dividing proximal tubule cells 

in the kidney to a greater extent than in other organs. A single dosage of cisplatin may 

outcome in acute renal failure (Yao et al., 2007). Acute renal failure denotes to the abrupt 

and typically rescindable damage of renal function. Mitochondria continuously scavenge 

ROS through the acion of antioxidant enzymes such as superoxide dismutases (SOD), 

glutathione (GSH), glutathione peroxidase (GPx) and catalase (CAT). The antineoplastic 

drug CP induces ROS production such as superoxide anion and hydroxyl radicals 

conceivably due to the reduction of enzymatic and non-enzymatic antioxidant systems. 

Anomalous generation of ROS may results in impairment of macromolecules to persuade 

cellular harms and necrosis by means of various mechanisms including; peroxidation of 

membrane lipids, protein denaturation, DNA damage, inflammation and apoptosis of 

normal cells, commencing oxidative renal dysfunction as a result of CP treatment. Figure 

2.1 explains the schematic pathway involve in CP induce oxidative stress. 
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Figure 2.1: Cisplatin structure and schematic of pathways involved in cell injury. 

Hepatotoxicity is still the less studied aspect of CP adverse effects, and there is less 

understanding with reference to the exact mechanism behind CP induced hepatotoxicity 

and so CP has been unfrequently indicated and studied as hepatic-toxicant.  In fact the 

hepatic drug metabolism is severely disturbed in investigational animals and humans with 

renal impairment. CP treatment is linked with acute renal failure (ARF) which outcomes 

in an isozyme selective dejected regulation of hepatic cytochrome P450 enzyme together 

with down-regulation of hepatic microsomal CYP2C11 and CYP3A2, male specific P450 

isozymes, but not CYP1A2, CYP2E1, or CYP2D2 in rats. There is a selective inhibition 

of male specific cytochrome P450, consequently a decline in serum testosterone quantity 

was also noticed in CP injured rats. Hence the down regulation of hepatic P450 enzymes 

in male rats after CP treatment is precisely linked with CP-impelled ARF and 
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consequently results in impairment of hepatic and testicular functions (Masubuchi et al., 

2006; Villeneuve and Pichette, 2004). In addition, oxidative stress augmented lipid 

peroxidation, ROS production, alter tissue thiol status with concomitant decrease in 

antioxidant defense system; comprising antioxidant enzymes (Sadzuka et al., 1992) and 

non-enzymatic molecules are the major deteriorations in CP  persuaded toxicity (Jin-

Gang and Lindup, 1993; Chirino and Pedraza-Chaverri, 2009). Moreover, functional and 

structural mitochondrial injury, apoptosis, trepidation in Ca2+ homeostasis (Martins et 

al., 2008) and inducible nitric oxide synthase (iNOS) may play approximately significant 

role in the proceeding of CP induced  liver toxicity (Kart et al., 2010). Hence Oxidative 

trauma is one of the top imperative mechanisms intricated in CP-induced hepatotoxicity. 

Pulmonary toxicity initiated by antineoplastic drugs is becoming a more frequently 

documented entity. Globally the risk of lung cancers is growing at a disquieting rate and 

is the prominent reason of cancer related deaths in numerous countries. The continuous 

exploitation of combined modality therapies (radiotherapy and cisplatin-based 

chemotherapy) increased the prevalence of secondary lung tumors and its multiplicity 

(Mimoto et al., 2000). The pathological situation is usually nonspecific but some 

histological evidences help define the underlying agent (Batist and Andrews, 1981). 

Several pharmacologic mediators employed in the cure of cancer have been associated 

with pulmonary toxicity. Mechanisms of impairment by these drugs consist of either 

pulmonary toxicity or indirect action via boosting of inflammatory reactions. Risk factors 

for expansion of pulmonary impairments have been elucidated for a few agents but 

remain unclear for others. Chronic pneumonitis/fibrosis is the most common clinical 

feature for most of the categories of cytotoxic drugs (Cooper Jr et al., 1986). Cisplatin is 

an effective therapeutic for lung cancer whislt it proceduces severe toxicities in 

experimental animals  as free platinum intercalates or intracalates in DNA (Mimoto et al., 

2000). Pratibah et al reported that CP administration for 18 weeks outcomes in 

pulmonary adenomas in A/J mice, although the mechanism behind this tumor promotion 

is not well understood. CP mediated pathogenesis of lung migh be attributed to the 

reduced antioxidant defence due to increase lipid peroxidation and ROS production 

(Pratibha et al., 2006). The role of ROS in pulmonary impairment is further reinforced by 

http://europepmc.org/abstract/med/3511808/?whatizit_url=http://europepmc.org/search/?page=1&query=%22cancer%22
http://europepmc.org/abstract/med/3511808/?whatizit_url=http://europepmc.org/search/?page=1&query=%22pneumonitis%22
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the increased activity of free radical quenching enzymes in lungs  confronted by a variety 

of toxins (Nel et al., 2001). 

The development of secondary malignancy as a result of CP chemotherapy can be 

prevented with polyphenol treatment as indicated by the study of Mimoto et al illustrating 

that ECGC or polyphenon E inhibit CP prompted pulmonary tumorigenesis and weight 

diminution in A/J mice  (Mimoto et al., 2000; Sato et al., 2005). 

CP treatment has promising outcomes in the treatment of testicular cancer even at a 

progressive stage of the disease, yet its usage outcomes in Testicular toxicity with 

numerous unwanted secondary effects on spermatogenesis and intermittently sequels in 

the situation of azoospermia or disintegrated spermatogenic cells, decreased reproductive 

organ weights resulting in transient or persistent demolition of male reproductive 

proficiency (SCHILSKY et al., 1980; Loehrer and EINHORN, 1984; Türk et al., 2008). 

Spermatogenesis is an intricate phenomenon which is greatly inveigle by hormone levels 

and temperature, and implicates multitude of testicular cells like germ cells, sertoli cells, 

leydig cells and peritubular cells (Huleihel and Lunenfeld, 2004; Yamaguchi et al., 2008). 

CP treatment affects spermatogenesis by impeding nucleic acid synthesis of germ cells 

specially spermatogonia. In addition, CP impels germ cell death in peculiar stages of 

spermatogenesis which is linked to the intensification in the incidence of programmed 

germ cell death (apoptosis) (Adler and El-Tarras, 1989; Meistrich et al., 1982; Seaman et 

al., 2003). Seaman and colleagues demonstrated that cisplatin toxicity results from sertoli 

cell damage which causes the pathogenesis of germinal cells (Seaman et al., 2003). 

Chemotherapy could decrease LH and FSH by disturbance in hypophysis–hypothalamus 

axis while interruption of chemotherapy results in retrieval of spermatogenesis (Glode et 

al., 1981). Molecular mechanism behinds CP persuaded reproductive impairment and 

germ cell apoptosis thus far are not fully explicated. However, cisplatin-induced gonadal 

toxicity is either direct, forming DNA adducts due to its robust electrophilic properties 

via nucleophilic exchange reactions and/or indirect, to a certain extent by diminishing 

testosterone biosynthesis. Leydig cells functioning seem to be affected by CP treatment 

resulting in inhibition of testosterone secretion (Lirdi et al., 2008). Pathogenesis of 

reproductive impairments ensuing to CP exposure is in general attributed to oxidative 
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stress expedited by the increase in the creation of free radicals and deterioration of 

antioxidants. Free radicals have been described to facilitate reactions accountable for 

comprehensive assortment of CP-prompted adverse effects. So far, the precise 

mechanism of cisplatin-prompted injuriousness has not been clearly explicated. 

Comprehending these underlying mechanisms could assist in developing novel remedial 

interventions (Amin et al., 2008; Türk et al., 2008) .  

Cardiotoxicity has also been accompanied with CP therapy. The clinical 

application of cisplatin as an anti-neoplastic prescription also has been restricted owing to 

its cardiotoxicity due to augmented oxidative stress and apoptosis. CP-induced 

cardiotoxicity is manifested by various conditions like electrocardiographic changes, 

comprising an extension of QT-spell and emesis of peculier levels, arrhythmias, 

cardiomyopathy, myocarditis and heart failure due to congestion (Al-Majed et al., 2006; 

Shanmugasundaram et al., 2002; Chvetzoff et al., 1998; Pai and Nahata, 2000). CP 

treatment in combination with complementary anticancer medications such as 

methotrexate, 5-fluorouracil, bleomycin and doxorubicin is concomitant with fatal 

cardiomyopathy (Cheriparambil et al., 2000). Various studies confirmed that CP-

containing chemotherapy to the patients encourages deterioration in the abundance of 

various antioxidants in the plasma, which may consequent to the failure of anti-oxidative 

defense mechanism to counter the free radical-intervened organ damage. Besides, the 

genotoxicity of cisplatin may result in the inception of tributary afflictions in healthy 

tissues (Weijl et al., 1998; Wozniak et al., 2004). Saleh and colleagues studied the effect 

of CP treatment on heart and their outcomes revealed number of lecerations in the 

vascular components of the cardiac tissues of treated animals. The inimical effects 

comprised of congestion, perivascular edema, hemorrhage, expanded medial muscle 

thickness, hyalinization with constrained luminal area in the coronary and intramuscular 

arterioles. The vascular endothelium perform various tasks and CP consequent 

endothelial deteriorations are accountable for several health complications, such as 

atherosclerosis, high blood pressure, thrombosis, vasculitis, sepsis and bleeding etc 

(Saleh et al., 2014). 
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Despite various endeavers, the adverse effects associated with cisplatin remain a 

key reason that confines its usage and potency in cancer therapy. There are cumulative 

evidences proposing that utilization of antioxidants could be persuasive in ameliorating 

cisplatin-prompted toxicity (Ali and Al Moundhri, 2006; Yagmurca et al., 2007; Yousef 

et al., 2009). Medicinal plants are gaining importance in the controlling several ailments. 

Foods of herbal sources with multifarious medicinal assets have been under extensive 

consideration for their antioxidant, antimutagenic and anticarcinogenic properties (Dai 

and Mumper, 2010). Silymarin is a flavonoid isolated from Silybum marianum has 

previously been successfully utilized as a remedial agent in numerous clinical and in vivo 

and in vitro experimental models of liver toxicity (Mansour et al., 2006) and 

nephrotoxicity (Abdelmeguid et al., 2010). Silymarin being an antioxidant flavonoid 

complex holds the capability to quench free radicals, chelate metal ions, alleviate the 

membrane permeability via impeding lipid peroxidation and precluding glutathione 

depletion (Mansour et al., 2006; Borsari et al., 2001; Valenzuela et al., 1989). Amin and 

colleagues investigated the effect of Azadirachta indica (A. indica, neem) against CP-

induced nephrotoxicity and oxidative stress and their results reveals that extract 

effectively protect the kidney from CP induced oxidative stress (Abdel Moneim et al., 

2014).  

The leading goal of scientific exploration concentrating on platinum complexes is to 

ascertain compounds that have greater potency, minimum toxicity, curtail cross-

resistance and enriched pharmacological features as compared with the parent drug, 

cisplatin (Desoize and Madoulet, 2002; Lebwohl and Canetta, 1998). Despite the fact that 

composite chemotherapy with cisplatin is a mainstay for the management of numerous 

cancers; the major strife phase during chemotherapy is cisplatin resistant (Desoize and 

Madoulet, 2002). Several mechanisms of cisplatin resistance were designated 

comprising; fluctuations in cellular uptake, drug efflux, augmented detoxification, 

impediment of programed cell death and amplified DNA repair. Hence there is a 

necessity to develope combinatorial therapies that will reduce the CP resistance and 

minimizing its side effects. Therapeutic plants and natural herbal ingredients have 

promising antioxidant potency and for that reason frequently administered in recipe with 
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chemotherapeutic drugs to give enhanced protection against their lethal side effects 

(HemaIswarya and Doble, 2006).  

 Doxorubicin induced oxidative stress 2.5

Doxorubicin (DOX) also recognized as adriamycin, is a wide spectrum anticancer 

anthracycline antibiotic, isolated from Streptomyces peucetius caesius, is used 

extensively in chemotherapy due to its efficacy in combating extensive number of 

malignancies like hematological disorders, ovarian, uterine, breast, lung and cervical 

cancers, Hodgkin’s ailment, soft tissue and primary bone sarcomas (Blum and Carter, 

1974; Chang et al., 2011; Sahna et al., 2003; Mohan et al., 2010; Thippeswamy et al., 

2011). Regardless of its great antitumor efficiency, its use in chemotherapy is limited due 

to its varied side effects including cardiomyopathy, renal, hepatic, pulmonary, testicular 

and hematological toxicities (Injac et al., 2009a; Mohan et al., 2010; Yilmaz et al., 2006). 

DOX is a cell cycle specific drug, effect the DNA transcription, act as DNA intercalator 

and inhibit DNA replication (Šimůnek et al., 2009; Szuławska and Czyz, 2005). DOX 

chemotherapy employed to discontinue the growth and setback cancer cells even at 

distant sites from the cause of primary tumor, yet it did not differentiate among a cancer 

and normal cells, thus eradicates both rapidly growing cancer as well as other fast 

growing healthy cells in the body (Sundaram and Sangavai, 2009; El-Sayyad et al., 

2009). Besides this, the noxious side effect of chemotherapeutic agents leads to the 

overwhelming production of reactive oxygen species (ROS). Therefore, mounting 

evidences suggest that a simultaneous treatment of chemotherapy and chemo-preventive 

agents with antioxidant action may augment the efficacy of chemotherapeutics (Aydin et 

al., 2011; Lee et al., 2008). ROS are anticipated to be a main reason for DOX induced 

toxicity and events directing this oxidative damage are been comprehensively inspected 

(Reddy et al., 2007). Within body DOX changed in to semiquinone by the electron to its 

outer ring (Ferreira et al., 2008). Conversion of DOX to semiquinone by one-electron 

reduction of its quinone moiety by the action of  NADPH-cytochrome P-450, outcomes 

in the liberation of superoxide anion and hydroxyl radicals; instigating membrane lipid 

peroxidation and oxidative injury to other cellular components as well (Öz and İlhan, 
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2006; Balli et al., 2004). However, the mechanism of organ toxicity is still under 

intensive investigations. 

Cardiotoxicity appears to be the most prevalent and unavoidable side effect that 

restricted the clinical use of Doxorubicin (DOX), as its administration in dose-dependent 

manner outcomes in permanent and advanced cardiomyopathy even lapse of years after 

completion of chemotherapy (Steinherz et al., 1991; Dudka et al., 2008; Feola et al., 

2011). There appears to be multifactorial pathomechanisms behind DOX-associated late 

cardiotoxicity, but the predominantly oxidative stress is linked to redoxcycling of the 

drug due to the over production of superoxide radicals (O2−·); which is the source for 

generating hydrogen peroxide and much more toxic hydroxyl radical and hence inducing 

oxidative stress (Minotti et al., 2004; Korga et al., 2012; Xu et al., 2001). Most the 

reactions involved in DOX radical generation were catalyzed in the liver instead of heart 

but due to relatively low antioxidant defense of cardiomyocytes makes heart a most 

prominent target for DOX toxicity and the extent of the doxorubicin-persuaded oxidative 

trauma is up to 10 times higher in the cardiac tissue as compared to other tissues (liver, 

kidney, spleen). Therefore ROS induced oxidative stress, calcium overloading, and 

mitochondrial dysfunction with subsequent gene expression changes,  activation of stress 

related signalling (such as p38 and JNK), activation of the ubiquitin-proteasome system, 

cell death, as well as innate immunity activation are major causes in DOX-induced 

cardiotoxicity (Torres and Simic, 2012). Figure 2.2 explain multifactorial 

pathomechanisms involved in DOX induced cardiomyopathy.  
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Figure 2.2: Schematic diagram of DOX-induced cardiotoxicity. Adopted from 

(Mukhopadhyay et al., 2009). 

Even though the cardiotoxicity is a preferential target of DOX induced toxicity 

whilst its harmful side effects are also obvious in other organs including liver, kidney and 

brain (Kalender et al., 2005; Bárdi et al., 2007; Zhao et al., 2012). The liver is the chief 

detoxifying tissue; therefore it is the target of excessive amounts of genotoxic composites 

for instance, environmental pollutants and anticancer drugs including doxorubicin. 

Approximately 40% of patients on doxorubicin suffer from liver injury. Doxorubicin  

persuaded hepatotoxicity includes hepatic cell cycle arrest, free radical generated 

oxidative stress triggered by hepatic expression of genes intricated in oxidative distress 

reactions, DNA repair, cell cycle progression, drug transport and cell death (Henninger et 

al., 2012). But the accurate cause bringing up the hepatotoxic influence of doxorubicin is 

not completely clarified. To reduce the toxic effects of doxorubicin several 
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pharmacologic agents such as antioxidants, hematopoietic cytokines and iron chelating 

agents, were used (Li et al., 2006; Yeh et al., 2007). The development of doxorubicin 

analogues and the assembly of effective delivery systems were also found to be operative 

ways. Even though most of these efforts showed favorable effects, some of these attempts 

failed to diminish doxorubicin toxicity in clinical trials. Consequently, it is obligatory to 

search for more effective strategies against doxorubicin-induced complications while 

preserve or enhance its therapeutic effects.  

DOX-impelled renal toxicity may be element of a multiorgan impairment 

facilitated primarily due to the free radicals accumulation, ultimately inducing the 

membrane lipid peroxidation (Ghibu et al., 2012). Stimulation of apoptosis and inflection 

of nitric oxide (NO) are supplementary sources that may be intricated in lethal influences 

accompanying with DOX therapy. The likely role of DOX in NOS metabolism governs 

through direct or indirect incitement of NO generation as a sequel of augmented free 

radical production. Free radical generation and/or NO release persuaded by DOX is 

utterly responsible for the DOX-induced harmfulness (Mizutani et al., 2005; Ayla et al., 

2011). Furthermore, DOX may induce nephrotoxicity through its direct renal detrimental 

effects as it accumulates preferentially in the kidney, increased glomerular capillary 

permeability and induce tubular atrophy (Lee and Harris, 2011). DOX-promted harmful 

effects to other organs like the heart and liver may possibly alter blood supply to the 

kidney and change the xenobiotic detoxification manner respectively, hence 

periphrastically executing nephropathy. A lot of antioxidant combinations have been 

recommended as chemopreventive remedy for DOX-persuaded toxicity (Granados-

Principal et al., 2010; Wapstra et al., 1999).  

Anticancer agents incited lung injuriousness is a significant source of respiratory 

deteriorations. Anticancer drugs hitherto reported to accompany various pulmonary 

associated problems including bronchospasm, hypersensitivity responses, venous 

thromboembolism, and pulmonary hemorrhage. Still the frequency of antineoplastic 

agent prompted pulmonary toxicity was reported to be less (Vahid and Marik, 2008). 

Doxorubicin is a cytotoxic antibiotic that inhibits topoisomerase II. It has efficacy against 

multiplicity of solid tumors (i.e., cancers of the bladder, breast, stomach, lung, ovaries, 
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and thyroid, soft-tissue sarcoma, and others). Pulmonary toxicity is observed in rare 

cases. However, in patients receiving peglated liposomal DOX infusion reactions may be 

noticed in 8 % of the receivers and dyspnea may develop within first 5 min after the 

infusion that ends subsequently to stop of infusion. In vitro investigations indicated that 

peglated liposomal DOX transient neutropenia has been observed during the infusion and 

the infusion endorses adhesion of neutrophils to human umbilical vein endothelial cells, 

which is suggested to be the prospective mechanism behind infusion allied acute 

dyspnea. DOX treatment also induce organizing pneumonia especially in lymphoma 

patients  (Skubitz and Skubitz, 1998; Vahid and Marik, 2008). In lung perfusion study in 

dogs, DOX was reported to increase LDH activity indicating tissue damage. DOX induce 

pulmonary epithelial cell injury at higher doses. DOX inoculation impelled necrosis of 

arterial endothelia and alveolar epithelia escorted by periarterial edema, subplural edema 

and emphysema of the lungs. All these were attributed as possible causes of acute animal 

mortality (Minchin et al., 1988). DOX impedes the activity of ROS neutralizing enzymes 

in the tissue (Julicher et al., 1988). The disruption in oxidant-antioxidant scheme results 

in tissue damage that inaugurates lipid peroxidation and protein oxidation in the tissue, 

which are also the leading causes of lung damage (Eisenbeis et al., 2001; Meadors et al., 

2006). The persistent exposure of the alveolar epithelial surface to extraordinary oxygen 

pressure marks the lung extremely vulnerable to free radical production (Pacht and Davis, 

1988). Studies indicated that the connection of ROS with number of pulmonary ailments 

accompanying with introduction to nitrogen dioxide, ozone, asbestos, carbon 

tetrachloride, and the anticancer medicines bleomycin and DOX (Injac et al., 2009b). 

DOX induced wide range of adverse effects also extend to reproductive toxicity 

and disturbing the male fertility (Bechter et al., 1987). Lu and Meistrict illustrated that 

DOX treatment target testicular germ cells, mainly A1-A4 spermatogonia, culminating in 

depletion of seminiferous epithelium. Moreover, it can also detriment type B 

spermatogonia and primary spermatocytes (Lu and Meistrich, 1979; Jahnukainen et al., 

2000), boost germ cell apoptosis in testis (Hou et al., 2005), affect testicular lipids 

(Zanetti et al., 2007), and ultimately result in testicular failure (Jalali and Hasanzadeh, 

2013). Previous studies reported that DOX causes decrease in the weight of reproductive 
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organs specially testis; culminating in reduced sperm concentration and sperm motility 

(Kato et al., 2001; Kang et al., 2002; Prahalathan et al., 2005; Zanetti et al., 2007). The 

accurate biochemical reasoning underlying DOX induced damages  to spermatogenesis is 

still slightly understood, current investigations have advocated that DOX-induced 

organopathy implicates the enduring harm to the spermatogenic cells along with increase 

in the testicular oxidative stress via generation of ROS, including O2−•, •OH, and H2O2, 

which outcome in lipid peroxidation, induced membrane and macromolecule injury, 

DNA fragmentation, and protein oxidation (Xu et al., 2001; Yeh et al., 2007; Jalali and 

Hasanzadeh, 2013). DOX toxicity can be interceded by interplay with topoisomerase II; 

an enzyme that is ample in cells owed rapid proliferation (Brilhante et al., 2012). 

Consequently, DNA of quickly dividing cells, for instance the testicular germ cells can be 

the distinctive target of DOX. The drug interpolates within DNA strands triggering cell 

cycle halt in the G2 phase, single-strand breaks, and restraint the activity of some nuclear 

proteins; for instance DNA-topoisomerase II, DNA and RNA polymerases (Speth et al., 

1988; Konopa, 1988). Furthermore, mammalian spermatozoa are particularly vulnerable 

to oxidative damage by reason of extraordinary concentration of polyunsaturated fatty 

acids and diminutive antioxidant capacity (Vernet et al., 2004). Based on this concept, 

mixture of the drugs composed with potent and safe antioxidant may be the suitable tactic 

to improve DOX-persuaded reproductive harmfulness. 

Despite numerous new anthracycline compounds have been introduced and tested, 

only rare ones with substantially improved cardiac safety have been approved for clinical 

application. Therefore, seeking for an impeccable protection to counter free radical 

mediated injury is stayed an immense scientific challenge. It is clear that varied natural 

products own prevailing aptitude to contravene the harmfulness of doxorubicin and other 

anthracycline antibiotics. Flavonoids are naturally existing constituents that attain varied 

pharmacological possessions and curative implications. These beneficial influences were 

validated to their phenolic structures which own antioxidant efficacy and restrain free 

radical-facilitated reactions. Treatment with medicinal plants is considered a usual 

practice implemented in traditional and alternative medicine that has been effective in the 

cure of many diseases from ancient times (Hozayen, 2012). Chlopcikova and his 
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colleagues assessed the chemoprotective potency of caffeic (CA), chlorogenic (CHA) and 

rosmarinic (RA) acids against the toxicity persuaded by doxorubicin in neonatal rat 

cardiomyocytes and the iron-dependent DOX implicited lipid peroxidation of heart 

membranes, mitochondria and microsomes. Their findings reveals protected effect of 

tested compounds against DOX-implicited oxidative trauma in cardiomyocytes in all 

examined parameters (Chlopčíková et al., 2004). Propolis is a resinous hive product 

collected by honeybees from various plant sources.The quenching potential of flavonoid 

‘Propolis’ has been observed against oxidative damage to the heart induced by single 

inoculation of DOX (20 mg/kg, i.p.). Pre-treatment of rats with propolis extract, prior to 

DOX inoculation significantly ameliorated the peroxidative damage of the heart 

mitochondria, normalized the levels of MDA and production of superoxide anions, 

illustrating persuasive impact of propolis extract in neutralizing DOX-persuaded cardiac 

injury (Alyane et al., 2008). A study by Rashid et al illustrated that Chrysin (flavonoid 5, 

7-dihydroxyflavone) which is present in several plant extracts significantly decrease the 

serum marker enzymes and elevates antioxidant defense enzyme levels. 

Histopathological examination confirms the biochemical findings and clarifies that 

Chrysin treatment significantly reverses DOX induced structural alterations in the kidney 

and liver of rats (Rashid et al., 2013). Jalali and Hasanzadeh tested the activity of 

Crataegus monogyna fruit aqueous extract rich in proanthocyanidins and flavonoids,their 

findings illustrates that its co-administration with DOX significantly ameliorates changes 

in body and organ weights, spermatogenic activities along with protection against DOX 

induced histological alterations. Phenolics and flavonoids present in the tested plant 

extract might be responsible for the observed protection (Jalali and Hasanzadeh, 2013). 

 Natural product drug discovery 2.6

Drug discovery from remedial plants comprises copious fields of inquiries and 

techniques of investigation that fall underneath the umbrella term pharmacognosy. The 

process usually starts with identification of a potential therapeutic source and preparation 

of extracts for screening (Charles, 1992). Bioassay-guided fractionation techniques are 

used to isolate compounds of interested bioactivity from complex mixtures. Bioassay-

guided fractionation involves a combination of separation and analytical techniques, 
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where fractionated material is sequentially tested for activity in a bioassay and for purity 

by analytical methods (van Beek et al., 2009). A single plant could hold several 

constituents; the partitioning and isolation schemes usually chain various separation 

procedures which are influenced by the volatility, solubility and stability of the 

complexes to be extracted. The selection of altered fractionation steps is of pronounced 

significance and an analytical-scale encoding of the separation parameters is advisable 

(Silva et al., 1998).  

Albeit drug detection from remedial plants not always provides new chemical 

structures yet known compounds with novel biological action give rise important drug 

leads. Currently thousands of novel molecular targets for various diseases have been 

recognized by the sequencing of the human genome (Kramer and Cohen, 2004). Target 

directed high-throughput screening assays specifies that identified complexes from 

medicinal plants may display auspicious and conceivably discerning effectiveness. Lots 

of well recognized constituents obtained from therapeutic plants have been demonstrated 

to possess potent activity on  recently confirmed molecular targets for example; indirubin 

particularly inhibits cyclin dependent kinases (Eisenbrand et al., 2004), kamebakaurin, 

has been shown to impede NFкB activity (Lee et al., 2002), β-Lapachone selectively kills 

cancer cells over healthy cells via activation of checkpoints during the cell cycle (Li et 

al., 2003b) and betulinic acid execute specific cytotoxicity against melanoma through the 

stimulation of p38 (Cichewicz and Kouzi, 2004). Similarly lots of well reognized 

compounds have been presented to influence novel molecular targets, thus reviving 

attention in members of these commonly isolated plant compound classes. Hence the 

isolation of natural products from higher plants, marine organisms and microorganisms is 

being immediately required owing to develope cost effective and fast procedures for 

separation and isolation (Balunas and Kinghorn, 2005).  

2.6.1 Bioassay guided fractionation and isolation of active compounds 

Various in vitro bioassay methods are employed for initial screening of plant 

extracts. Depending on the number of extracts to be screened either the low-throughput 

screening (LTS) or high-throughput screening (HTS) methods are operated (Valsaraj et 

al., 1997a; Okwu, 2001). (Kinghorn and Balandrin, 1993). LTS methodology is 
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commonly employed in educational laboratories where only small quantities of samples 

are needed to be screened. In HTS; thousands of extracts are dispensed into a suitable 

arrangement (typically a microtiter plate with many wells) and screened for bioactivity, 

this approach is favored by the pharmaceutical industries (Mannhold et al., 2006). 

Active fractions are further partitioned by means of bioactivity directed 

fractionation. In bioactivity guided fractionation, crude extract was partitioned into its 

constituent fractions via different chromatographic techniques monitored by biological 

assessment (bioassay) of each fraction. Only fractions which possess desirable bioactivity 

were being selected for further fractionation. This scheme of fractionation and bioactivity 

testings was repeatedly  performed till a pure bioactive compound is sequestered (Vaidya 

and Antarkar, 1994).  

2.6.2 Methods for the isolation of phytochemicals  

Multistep chromatographic procedures have been used for final purification. 

Initially a crude extract is produced with confirmed bioactivity such as anticancer 

properties. This extract is then fractionated by solvent-solvent extraction or suitable 

chromatographic methods before testing the isolated fractions in the same bioassay. 

Active fractions can then be purified by purification techniques, and pure active 

compounds are characterized structurally using different analytical methods. Structure 

characterization of pure active compounds can be done using various analytical 

techniques such as; mass spectrometry (MS), tandem mass spectrometry (MS-MS) and 

nuclear magnetic resonance (NMR) (Balunas and Kinghorn, 2005). 

2.6.2.1 Collection and identification of plant material 

Depending upon choice the entire plant or a certain portion can be collected. 

Various factors including the age and environmental conditions are important elements to 

be considered while collecting plant material in order to ratify reproducible profile of 

metabolites. After collection the plant must be identified correctly with the help of plant 

taxonomist or a botanist and plant features must be recorded as part of the voucher 

submitted in a herbarium for prospective reference (Sarker et al., 2005). 
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2.6.2.2 Extraction of plant materials 

Extraction includes the partitioning of medicinally active portions of plant from 

the mixture of components by employing appropriate solvents in standard extraction 

techniques. Classic solid-liquid extraction methods for herbal constituents encompasses 

drying and grinding of the herbal material, picking out an apt solvent followed by 

appropriate extraction process (Jones and Kinghorn, 2005). 

2.6.2.2.1 Drying and grinding the plant material 

After collection; the plant sample must be dried in a room with satisfactory 

aeration at an ambient temperature (Heinrich et al., 2004; Satyajit et al., 2006). Shriveled 

environment is needed to avoid microbial fermentation and ensuing dispossession of 

metabolites. Whereas to minimize the chemical reactions; shelter from sunlight is 

recommended (Sarker et al., 2005). Dried materials is grounded using mechanical grinder 

into fine powder to ease succeeding extraction ways by finishing the sample extra 

homogeneous which enables the dissemination of solvents into the components 

(Harborne, 1998; Satyajit et al., 2006).   

2.6.2.2.2 Extraction solvent and procedure 

The selection of solvent and scheme for extraction is contingent on the polarity 

and solubility of the constituents of curiosity. Even though water is frequently used as a 

solvent for extraction while to seperate herbal constituents according to their solubilities 

organic solvents of variable polarities (either alone or in different combinations) are also 

being used in current procedures of extraction (Organization et al., 2008). For unknown 

compounds, the powdered material can be extracted at once with a concoction of two or 

additional solvents with dissimilar polarity in different proportions or extracted 

sequentially with solvent of varying polarity (Cowan, 1999). Various extraction 

techniques useful for herbal products includes percolation, soxhlet extraction, maceration, 

steam distillation, sequential solvent extraction etc. (Starmans and Nijhuis, 1996; 

Harborne, 1998; Jones and Kinghorn, 2005). 
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2.6.2.3 Column chromatographic isolation techniques 

2.6.2.3.1 Vacuum liquid chromatography (VLC) 

In VLC, vacuum is applied to increase the flow rate and to speed up the 

fractionation process in contrast to pressure. As opposed to flash chromatography, in 

VLC column is recommended to run dry next to each fraction collection. This is 

analogous to preparative TLC where plates can be dried next to each run and again re-

eluted. At present VLC technique has been progressively employed for natural product 

isolation schemes due to its simplicity and large sample capability. Different 

chromatographic supports have been used in VLC viz. silica gel (both normal and 

reversed-phase), Al2O3, CN, diol and polyamide. VLC is mostly exploited for the 

preliminary fractionation of natural materials preceding the advance separation steps for 

example; FC, MPLC and HPLC. VLC is frequently used to fractionate diverse compound 

classes for instance; sterols, flavonoids, alkaloids, triterpene saponins or coumarins 

(Sticher, 2008). Sometime repeated VLC can be also use as a sole separation technique. 

An example is a study by Villasen˜or and Doming; they utilized repetitive VLC for the 

extraction of spinasterol, an antimutagen from squash flowers (Cucurbita maxima) 

(Villaseñor and Domingo, 2000). Landreau and coworkers isolated four marine 

mycotoxines (peptaibols; peptides) made by the fungus Trichoderma koningii in two step 

procedure (VLC and analytical HPLC) (Landreau et al., 2002). 

2.6.2.3.2 Flash chromatography (FC) 

FC is an advancement of conventional column chromatography and is simple for 

the preparative separation. In FC; the pressure (up to 1 bar) is applied for the flow of the 

mobile phase through fine stationary phase (particle size 230-400 mesh) in order to 

increase flow rate and decrease the time of separation. FC is sometime called as low 

pressure liquid chromatography (LPLC). It is an automated system which minimizes 

manual intervention in the purification procedures. The systems consist of modules 

normally found in HPLC systems for example; a gradient pump, sample inoculation 

ports, a UV detector and a fraction collector to gather the eluent. Now FC systems are 

advanced into high pressure flash chromatography systems and termed as medium 
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pressure liquid chromatography (MPLC) systems, which operate above 1 MPa (150 psi). 

Teldyne has develop FC systems that uses disposable columns and high flow rate e.g. 

CombiFlash Rf 200 used for advance purpose and configured as a 5–200 mL/min 

(delivery flow rate), 200 psi system that forms a binary gradient by automatically 

selecting two solvents from four inlets. This configuration has an automatic, self-cleaning 

injection valve for sample introduction, and full-spectrum UV (200–360 nm) or UV-vis 

(200–780 nm) detection with secondary wavelength monitoring. An internal air pump is 

used for post-run column air purging, active solvent level sensing and waste full bottle 

detection. FC is sometimes employed as a sole technique for the purification of natural 

constituents on silica gel. More recurrently, crude extracts of complex mixtures are pre-

purified by FC earlier to applying additional techniques with superior resolution. In other 

words, FC offers a speedy initial fractionation of complex mixtures. 

2.6.2.3.3 High performance liquid chromatography (HPLC) 

HPLC is highly improved form of column chromatography. Here specialized 

columns of stainless steel, packed with very fine and high quality stationary phases are 

used and operating pressure up to 400 bars can be employed. It is also attached with the 

detectors and the separation can be monitored online. High operating pressure and online 

detection system has made HPLC very fast, productive and powerful analytical tool. Two 

basic elution modes are used in HPLC i.e., isocratic elution and gradient elution. In 

isocratic elution, the composition of mobile phase remains constant through the process, 

while in gradient elution, the composition of mobile phase changes during the separation 

process. HPLC can be executed on analytical, semi-preparative (semi-prep) or 

preparative (prep) scale. The preparative HPLC procedure has turned to be leading in the 

isolation of maximum classes of natural materials. Prep-HPLC is a vigorous, nifty, and 

usually speedy procedure by which consituents from intricate mixtures can be isolated 

(Brown, 1990). 

2.6.2.3.4 Gas chromatography (GC) 

GC is unmatched method for the separation of volatile compounds due to its 

extreme proficiency and outstanding detection sensitivity in combination of mass 
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spectrometry. Additionally availability of massive data libraries permits tentative 

identification of compounds in minutes. However not many biochemical systems can be 

used in gas phase. GC is a chromatographic procedure in which mobile phase is a gas and 

stationary phase is liquid. Sample is added in to the gas phase where it is volatilized and 

passed in to liquid phase, which is held in a column, different components spent different 

time in mobile and stationary phase depending on their relative affinities for the latter, 

and appear from the end of the column displaying peaks of concentration, ideally with a 

Gaussian distribution. These peaks are identified by source which changes the 

concentration of the constituent in the gas phase to electrical signals, which is intensified 

and delivered to a unremitting recorder, and possibly to an integrator, so that the process 

of the separation can be monitored and quantified (Christie, 1989). 

2.6.2.4 Characterization and structure elucidation of isolated compounds 

After the accomplishment of biological valuation and the isolation of the active 

plant constituents, the structure characteriation of the compounds will be executed. 

Structure interpretation is governed by established spectroscopic methods for example; 

Nuclear Magnetic Resonance (NMR), 1-D and 2-D Proton NMR, as well as C-13 NMR 

and Mass Spectrometry (MS) (Harborne, 1973). 

2.6.2.4.1 Nuclear magnetic resonance (NMR) spectroscopy  

NMR spectroscopy is the powerful non-selective analytical tool that enables to 

ascertain molecular structure including relative configuration, relative and absolute 

concentrations and even inter molecular interactions without the destruction of analyte. 

This techniques employes one dimensional NMR (1D-NMR) and two dimensional NMR 

(2D-NMR) spectroscopy. 1D-NMR includes Proton (
1
H) NMR and Carbon (13C) NMR. 

2D-NMR provides more information about the structure of molecule compared to 1D-

NMR. HSQC, HMBC, COSY and NOESY are most useful 2D-NMR experiments 

((Steinbeck and Kuhn, 2004; Van de Ven, 1995)). 

2.6.2.4.2 Mass spectrometry 

Mass spectrometer is an analytical instrument used to determine the molecular 

weight of a compound (Sparkman, 2000). Basically mass spectrometer is divided into 
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three parts; ionization source, analyser and detector that should be maintained under high 

vacuum conditions in order to maintain the ions travel through the instrument without 

any hindrance from air molecules. After injection of sample into ionization source, the 

molecules are ionized and then passed and extracted into the analyser. In the analyser the 

ions are separated according to their mass to charge ratio (m/z). Once the separated ions 

flow into the detector, the signals are then transmitted to the data system where the mass 

spectrum is recorded (Klejdus et al., 2001). 

2.6.2.5 Preclinical and clinical studies 

In the modern world, the finding of cinchona in 17th century, followed by 

digitalis, morphine, and so on, and then introduction of synthetic aspirin, a derivative of a 

plant-based drug, compelled human beings to believe in the wonders of the diverse 

floristic wealth. Plant-derived compounds have played an important role in treatment of 

cancers, and some of the most promising and better drugs have come up from plant 

sources like Taxol
®
, Camptothecin, Combrestatin, Epipodophyllotoxin and Vinca 

alkaloids (vinblastine, vincristine). These drugs have also been the major source of new 

drug candidates for the treatment of cancers. A large number of plants used in the 

traditional medicine have now become a part of the modern world health care system. 

Natural products offer large structural diversity, and modern techniques for separation, 

structure elucidation, screening and combinatorial synthesis and have led to revitalization 

of plant products as sources of new drugs. The introduction of herbals in the form of 

nutraceuticals and dietary supplements are also changing the plant-based drug 

market(Saklani and Kutty, 2008). 

As huge numbers of the bioactive compound are isolated and once the resolution 

and structure of the active compound has been verified, further  judgment  is made to 

whether the modification of compound is  needed to boost its biological activity or not  

(Vaidya and Antarkar, 1994). The selected active compound will be submitted to wide-

ranging in vitro and in vivo studies to determine its action, harmfulness and effectiveness. 

These examinations are typically considered as preclinical evaluations. Only once all 

these steps have been accomplished a drug will be submitted to clinical trails, which is 

the most widespread valuation stage of a candidate drug.  During this lengthy screening 
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processes lots of drugs could be unsuccessful due to their injuriousness to healthy cells or 

lack of effectiveness in humans (Hughes et al., 2011). Efficacious execution of various 

trials usually outcomes in a certified drug product. Assuming the intricacy of the 

procedures described above, it is not unforeseen that many natural product drug 

designing efforts fail to make their approach in to the marketplace. Approximatetly 1 in 

10,000 of plant-derived drugs may in fact launched into the market (Kinghorn and 

Balandrin, 1993). The drug development is a tedious process and it may possibly 

implicate a period of 10-15 years from the gathering of the plant material to the 

permitting of a license for the novel drug. 
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3     Material and methods 

Pharmacological actions of plants are executed by the presence of bioactive 

compounds. In order to explore the potential role of A. hydaspica R. parker, as 

chemotherapeutic and feed additive, the following scheme of in vitro and in vivo 

investigation’s, bioassay guided isolation, chemical structure characterization and 

bioactivity of active phytoconstituent was adopted. 

 Plant collection 3.1

The collection of aerial parts (leaves, twigs and branches) of A. hydaspica was 

carried out from kirpa area Islamabad, Pakistan. The collection of plant was done in 

March.The plant was recognized by its local term and authenticated by Dr. Rizwana, 

Department of Plant Sciences, Quaid-i-Azam University, Islamabad and Dr. Sumaira 

Sehreen, Associate Curator, Museum of Natural History, Islamabad, Pakistan. 

Voucher sample of plant acquired accession No. 0642531 was submitted at the 

Herbarium of Pakistan Museum of Natural History, Islamabad. 

 Preparation of extract 3.2

After collection and identification, plant sample was dried in an aerated but 

shaded area till complete removal of moisture. During drying no microbial 

fermentation observed. Dried material was ground by an electrical grinder (60-mesh 

topology Willy Mill) to obtained fine powder of plant sample and then this plant 

material was utilized for solvent extraction. Powder (3 kg) plant sample was soaked in 

6 L of crude methanol (95%) solution for 72 h at 25 °C and extracted thrice. 

Filteration was done using Whatman filtrating paper No. 1 and the filtrate was 

evaporated at 40 °C under reduced pressure using rotary vacuum evaporator (Panchun 

Scientific Co. Kaohsiung, Taiwan) and the crude methanol extract (AHM) was 

obtained.  

 Fractionation 3.3

Partial purification or separation of crude methanol extract was done by 

solvent-solvent extraction. Briefly crude methanol extract (12 g) was suspended in 

distilled water (500 ml) in a separating funnel of 1000 ml capacity and successively 

partitioned with n-hexane, chloroform, ethyl acetate and n-butanol to obtain their 

soluble fractions. After adding solvent shake well and each layer was permitted to 
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stand for 3 h in a separating funnel. Each extraction process was repeated three times 

with 500 ml of each solvent and same process was repeated to get enough mass of 

each fraction for chromatographic separation and bioactivity testing. These solvents 

with varying polarities theoretically partitioned different plant constituents (Kil et al., 

2009). The filtrate was concentrated using rotary evaporator. The schemed of 

fractionation is summarized in Figure 3.1. The crude methanol extract (AHM) and its 

five subsequent fractions: n-hexane (AHH), chloroform (AHC), ethyl acetate (AHE), 

n-butanol (AHB) and remaining water (aqueous) fraction (AHA) were weigh to 

determine the resultant mass and quantified in terms of percentage of dried plant 

sample. Fractions were store at 4 
o
C until used for various in vitro and in vivo 

experimentations. 
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Figure 3.1: Flow chart describing the extraction procedure for fractionation of A. 

hydaspica. 
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   Screening of A. hydaspica Phytoconstituents 3.4

3.4.1 Qualitative phytochemical analysis 

In order to gain general impression regarding the nature of phytoconstituents 

present in A. hydaspica preliminary phytochemical analysis of AHM and its derived 

soluble fractions was performed following standard screening protocols for the 

detection of secondary metabolites. 

3.4.1.1 Alkaloids 

Alkaloids solution gives white yellowish precipitate after the dispension of 

little drops of Mayer’s reagents. 6 ml of hydrochloric acid (1%) was added to 200 mg 

of extract/fractions and heated on water bath. The mixture was cooled and filtered, 

and then few drops of Mayer’s reagent were dispensed in 1 ml of filterate. The 

presence of alkaloids was confirmed by the appearance of turbidity or yellow 

precipitation (Siddiqui and Ali, 1997). 

3.4.1.2 Flavonoids 

50 mg of the extract/fractions was dissolved in 100 ml of distilled water and 

filtered. Few drops of concentrated H2SO4 were dispensed in a mixture comprsing 

10ml of sample filterate and 5 ml of diluted ammonia. Yellow color of mixture 

definite the presence of flavonoids (Sofowora, 1993). 

3.4.1.3  Tannins 

10 ml of distilled water was added to test tube containing 25 mg of 

extract/fractions. The mixture was filtered after boiling and few drops of (0.1%) ferric 

chloride were poured in filtrate and noticed for color conversion; blue-black 

pigmentation or brownish green  color indicates the occurrence of tannins (Sofowora, 

1993). 

3.4.1.4 Anthraquinones 

80 mg of the extract/fractions were mixed with 6 ml of HCl (1%), boiled and 

filtered. 5 ml of benzene was mixed with filterate and then the mixture was filtered 

again. To the mixture 2 ml of 10% ammonia solution was added and shaken. The 

appearance of violet, pink or red shade in the ammonical level indicates the existence 

of free hydroxyl-anthraquinones (Harborne, 1973). 
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3.4.1.5 Pholobatanins 

Presence of Pholobatanins in extract/fractions was confirmed according to 

previously described method (Harborne, 1973). Each sample (50 mg) was boiled with 

1% (v/v) HCl. the presence of Pholobatanins was affirmed by the deposition of a red 

precipitates. 

3.4.1.6 Saponins 

Saponin creates emulsion with oil and this special characteristic of saponins is 

used as indicative test for the detection of saponins. Boil 20 mg of sample in distilled 

water (20 ml) in a water bath for 5 min and filtered. Next 10 ml of filtrate and 5 ml of 

distilled water were mixed and strongly shaken to obtain a persistent froth. 3-4 drops 

of olive oil were poured to the froth and then vigorously shaken. Formation of 

emulsion specified the presence of saponins (Harborne, 1973). 

3.4.1.7 Terpenoids 

Presences of terpenoids in the extract/fractions were determined by mixing 2.5 

ml of extract/ fractions prepared as 1 mg/ml, with 1 ml of chloroform. Then 1.5 ml of 

H2SO4 (concentrated) was dispensed. A reddish brown shade of the border definite the 

existence of terpenoids (Harborne, 1973). 

3.4.1.8 Coumarins 

0.1g of extract/fractions were added in test tubes and covered with 1 N NaOH 

moistened filter paper. The test tubes were then placed in a boiling water bath for few 

minutes. Then the filter papers were watched below UV light and the emergence of 

yellow color is an indication for the occurrence of  coumarins (Harborne, 1973). 

3.4.1.9 Steroid/terpenoids 

Each sample (20 mg) was mixed with 2500 µl of acetic anhydride and 2500 µl 

of chloroform then concentrated H2SO4 was slowly poured. The presence of 

terpenoids was verified by the emergence of red color while bluish green color depicts 

steroids (Siddiqui and Ali, 1997). 

3.4.1.10 Reducing sugars 

 

Reducing sugar presence in the sample was resoluted by adding 0.5 ml of each 

sample in 1 ml of distilled water. Fehling’s solution 5-8 droplets were added to the 
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mixture and place of over the hot water bath. Brick red color precipitate appearence 

designated the existence of reducing sugars (Talukdar et al., 2010). 

3.4.1.11 Cardiac glycosides 

An aliquot of 2.5 ml (10 mg/ml in methanol) of each sample was reacted with 

1 ml of glacial acetic acid containing one drop of FeCl3 solution. Next concentrated 

H2SO4 (1 ml) was dispensed to the mixture. The occurrence of cardiac glycosides was 

confirmed by the brown color ring of the interface (Evans, 2009). 

3.4.2 Quantitative valuation of phytochemicals 

3.4.2.1 Estimation of total phenolic content (TPC) 

The total phenolic content of AHM and its derived fractions was quantified by 

previously described spectrophotometric method (McDonald et al., 2012). In brief 10 

ml of 1 M Na2CO3 was poured in a mixture containing 10 ml Folin’s Ciocalteu 

reagent (1:10 diluted with distilled water) and 1 mg/ml of extract/fractions. After 

shaking the mixture was placed at room temperature for 15 min. The total phenolic 

content was estimated by spectrophotometer at 765 nm. The TPC was predicted using 

the calibration curve of gallic acid solution (0, 50, 100, 150, 200, 250 mg/l) run under 

the same method as cited above. Approximation of TPC was done in triplicate and 

expressed as mg of gallic acid equivalent/g of dried plant sample. 

3.4.2.2 Estimation of total flavonoid content (TFC) 

TFC was estimated using aluminium chloride colorimetric procedure with 

slight modifications (Chang et al., 2002). Reaction mixture was prepared by mixing 4 

mg/ml of each sample with solution comprising of; methanol, 0.1 ml of aluminum 

chloride (10%), 0.1 ml of potassium acetate (1 M) and 2.8 ml of distilled water. 

Reaction mixture was left at room temperature for 30 min and the absorbance was 

measured at 415 nm. The samples were set in triplicate for each analysis and the mean 

value of absorbance was obtained. The same procedure was repeated for the standard 

solution of rutin (0, 50, 100, 150, 200, 250 mg/l) and the calibration line was 

interpreted. Based on the measured absorbance, the concentration of flavonoids was 

read (mg/ml) on the rutin calibration line; then the content of flavonoids in each 

sample was expressed in terms of mg of rutin equivalent/g of dry sample. 
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 Gas chromatography-mass spectroscopy (GC-MS) analysis 3.5

GC-MS screening of methanol extracts of A. hydaspica was done on Thermo 

GC -Trace Ultra version 5.0, equipment coupled with Thermo MS DSQ II mass 

spectrometer.  Compound mixture was separated on a ZB 5-MS capillary standard 

non-polar column (30 m x 0.25 mm ID x 0.25 μm FILM). The column temperature 

was set at 70
o
C for 2 min, 70–260°C at 6°C/min, and as a final point held for 10 min 

at 260°C. The samples were injected in splitless mode (split flow: 10ml/min, split less 

time 1min). Carrier gas (helium) was employed at a constant flow rate of 1ml/min and 

1 μl sample was injected. Relative percentages of crude extract constituents were 

expressed as peak area normalization. Mass spectral scan range was set at full scan 

mode from 50-650 (m/z). Total GC running time was 40min. Mass spectral data of 

unknown constituents was matched with the spectrum of the known compounds 

stored in Wiley9 and mainlab libraries by computer matching for the identification of 

compounds. Chemical constituent of the plant extract were authenticated by 

compound IUPAC name or common term, molecular weight and structure. 

 Quantification of phenolics and flavonoids by HPLC-DAD analysis 3.6

3.6.1 Chemicals and solvents 

The HPLC grade solvent employed for HPLC analysis were acetonitrile, 

methanol and acetic acid (Sigma Company, USA), whereas Milli Q water purification 

system was employed for the distillation and dionization of water (Millipore, MA, 

USA). Eight reference stocks were used viz. catechin, rutin, gallic acid, kaempferol, 

quercetin, apigenin, myricetin, and caffeic acid (Sigma Company, USA).  

3.6.2 Preparation of standard for HPLC 

Stock solutions of rutin, kaempherol, myricetin, gallic acid, apigenin, 

catechins, caffeic acid and quercetin were prepared in methanol at concentration of 1 

mg/ml and then serially diluted with methanol to get 10, 20, 50, 100 and 200 µg/ml 

for making the standard calibration curve. Calibration curves for standard analytes at 

10, 20, 50, 100 and 200 µg/ml concentrations were found to be linear. 

3.6.3 Preparation of samples for HPLC 

Stock solutions of reference compounds and plant extract were prepared in 

methanol at a concentration of 100 µg/ml and 10 mg/ml, respectively. Samples were 
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filtered through 0.45 µm membrane filter (Sortolon polymide; Sortorious). All 

samples were prepared freshly and used immediately for analysis or stored at 4 
o
C if 

not analyzed for more than 1 h. 

3.6.4 Chromatographic condition 

Chromatographic investigation was conceded by employing HPLC-DAD 

system (Agilent Germany) and Sorbex RX-C8 (Agilent USA) analytical column was 

used. Concisely, mixture of acetonitrile-methanol-water acetic acid (5: 10: 85: 1) was 

employed as a mobile phase A while acetonitrile-methanol-acetic acid (40: 60: 1) was 

run as mobile phase B. 0–20 min for 0 to 50% B, 20–25 min for 50 to 100% B, and 

then isocratic run of 100% B till 40 min was set as a sequence of time for gradients of 

mobile phases. 20 µl of test sample was injected and flow rate was set as 1 ml/min. 

Rutin and gallic acid were scrutinized at 257 nm, catechin at 279 nm, caffeic acid at 

325 nm and quercetin, myricetin, kaempferol were noticed at 368 nm. Column was 

reconditioned for 10 min each time prior to the succeeding analysis. All the samples 

were run in triplicate. Quantification of each constituent was completed by means of 

integration of peaks using the external standard scheme. An ambient temperature was 

employed for the accomplishment of all chromatographic procedures. 

 Mineral analysis  3.7

Determination of various micro and macronutrients in A. hydaspica was 

accomplished using previously described method with minor amendments 

(Leśniewicz et al., 2006; Shah et al., 2010). Powder of A. hydaspica (0.25 g) was 

accurately weighed and dissolved in an acid solution comprising of nitric acid, 

sulfuric acid and perchloric acid in a total volume of 6.5 ml in a ratio of 5:1:0.1 

respectively. Digestion of mixture was done using a 50 ml volumetric flask. Flask was 

place on hot plate inside the fume hood untill the emergence of white fumes from the 

flasks which were symptomatic of finishing point of the digestion. After cooling, the 

sample was filtered and transferred to new flask (50 ml) and the distilled water was 

added to raise the volume. This filtrate was exploited for the examination of element 

of interest (Fe, Na, Mg, Ca, K, Co, Mn, Cu, Cr, Zn, Pb, Ni and As). 100 ppm stock 

solutions of standard working solutions of element of interest were prepared. 

Calibration curve was obtained using standards solutions of each element. Analytical 

reagent grade chemicals were used for experiment and the data was acquired in parts 
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per million (ppm), (1ppm=1mg/kg). Concentration of each element was predicted 

using atomic absorption spectrophotometer (AA-670, Shimadzu). 

Quantity of each element in the sample plant was estimated using following equation: 

Mineral element in plant = [ppm in test sample –  blank] ×
v

w
× dilution factor  

v= Sample volume (ml) 

w= Weight of plant powder 

 In vitro antioxidant capacity assessment 3.8

EC50 values were calculated for various assays which signify the concentration 

of sample outcomes in 50% inhibition and were calculated by a graphical method 

from the plot of inhibition percentage against sample concentration. Stock solution of 

extract/fractions and reference standards [ascorbic acid, gallic acid, rutin, butylated 

hydroxytolene (BHT), Butylated hydroxyanisole (BHA) and catechin] were prepared 

by dissolving 1 mg/ml of test sample in analytical methanol. Afterward serialized 

dilutions (10-500 µg/ml) were prepared for various antioxidant assays. Reference 

standard chemicals varied according to assay requirement. 

3.8.1 DPPH radical scavenging activity assay 

The DPPH assay was executed following previously established protocol with 

slight modifications (Brand-Williams et al., 1995). 100 ml methanol (80%) was added 

to 24 mg of DPPH to make the stock solution and the stock was stored at 20 °C till 

used. For the assay the working solution of DPPH was prepared by dilting the stock 

with methanol until an absorbance of 0.751 ± 0.02 at 517 nm was achieved. An 

aliquot of 1 ml DPPH solution was dispensed in 100μl of the test samples of different 

concentrations (0-250 µg/ml). The mixture was shaken and placed in the dark for 10 

min at room temperature. The absorbance of the mixture was recorded using a UV-

1601 spectrophotometer (Shimadzu, Kyoto, Japan) at 517 nm. The decrease in 

absorbance was correlated with the radical scavenging potential of test samples. The 

percentage of inhibition was assessed as follow 

 % DPPH scavenging = [
Ad− (Asd− Asa)

Ad
]×100. 

Where Ad is the DPPH solution absorbance, Asd is the absorbance of solution 

containing test sample and DPPH solution, and Asa is the absorbance sample solution 

without DPPH. Each sample was analyzed in thrice.  
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As a standard reference compound ascorbic acid was employed. 

3.8.2  Superoxide anion radical quenching assay 

Quenching potential for superoxide anion was assessed via riboflavin light-

NBT system (Nishikimi et al., 1972). 1 ml sample solution (25-250 μg/ml) was 

poured to the solution comprised of 50 mM phosphate buffer (500 µl, pH 7.6),  50 

mM riboflavin (300 µl),  20 mM PMS (250 µl) and 0.5 mM NBT (100 µl). 

Illumination of the solution was done by using a fluorescent lamp for initiating the 

reaction. The absorbance of samples was recorded at 560 nm after 20 min of 

illumination. Restraint of superoxide anion liberation was assessed using the 

following formula: 

Inhibitory potential (%) = [
Control abs− sample abs

control abs
]×100  

Gallic acid was used as a standard compound. 

3.8.3 Hydroxyl radical quenching activity 

Scavenging potential of test samples for the hydroxyl radicals was examined 

using 2-deoxyribose method (Gutteridge and Halliwell, 2000). 0.2M Phosphate buffer 

saline (PH 7.4) was consumed as a solvent in this test. Sample solution (0µM-100µM) 

was mixed with test mixture containing 2-deoxyribose (2.8 mM), ferrous ammonium 

sulphate solution (20 mM), EDTA (100 µM). Total volume of test mixture was made 

up to 1 ml with 0.2M Phosphate buffer saline (PH 7.4). Ferrous ion solution and 

EDTA were premixed before adding to the assay mixture. The reaction was initiated 

by the addition of 100 µl of 20 mM H2O2 and 100 µl of 2 mM ascorbic acid and 

incubated at 37 °C for 15 min. Then, thiobarbituric acid solution (1 ml, 1%, w/v) and 

trichloroacetic acid solution (1 ml, 2%, w/v) were added. The mixture was boiled in 

water bath for 15 min and cooled in ice, and its absorbance was measured at 532 nm. 

All experiments involving these samples were triplicated .The scavenging activity 

were calculated by following formula. 

Radical quenching capacity (%) =[
Control absorbance− sample absorbance

control absorbance
]×100 

Gallic acid was employed as a reference standard. 

3.8.4 Hydrogen peroxide radical quenching assay 

Hydrogen peroxide solution (200 mM) was prepared in phosphate buffer (50 

mM, pH 7.4). 100 μl of test sample (0.1-0.5 mg/ml) mixed with 400 μl of 50 mM 
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phosphate buffer (pH 7.4), then add 600 μl hydrogen peroxide solution and vortex the 

sample tubes. Note the absorbance of the solution at 230 nm after 10 min against a 

blank (Sahreen et al., 2010). 

Hydrogen peroxide scavenging ability is estimated as follow: 

Quenching capacity (%) =[
Control abs− sample abs

Control abs
]×100  

Ascorbic acid was used as a standard reference. 

3.8.5 ABTS radical scavenging activity 

ABTS test was employed to evaluate the antioxidant prospective of biological 

fluids, tissues, natural and synthetic complexes. The ABTS
+
 radical cation formation 

induced by metmyoglobin and hydrogen peroxide is measured by previously establish 

protocol (Re et al., 1999). ABTS (7 mM) was allowed to react in dark with potassium 

persulfate (2.45 mM) for 12 h to get a dark shaded ABTS radical cations solution. The 

ABTS solution used for the assay was prepared by diluting it with methanol (50 %) to 

achieve an absorbance of around 0.70 at 745 nm. ABTS radical quenching potential 

was judged by adding 1.0 ml of ABTS working solution in 100 μl of test sample. The 

drop in absorbance was recorded precisely after one minute, then at 3
rd

 min and last 

reading recorded at 6
th

 min. The following formula was applied to calculate 

percentage inhibition: 

Quenching ability (%) =[
Control abs− sample abs

control abs
]×100  

Ascorbic acid was used as a standard control.  

3.8.6 Iron chelating power  

The extract potency to chelate iron (II) was estimated by previous described 

procedure (Sahreen et al., 2010). 200 µl each sample (50-250 µg/ml) was mixed with 

0.1 ml of FeCl2.2H2O (2.0 mM) and 0.9 ml of MeOH. The reaction was started by the 

addition of 0.4 ml of ferrozine (5.0 mM) after 5 min of incubation. The absorbance of 

the solution was noted at 562 nm after incubation of 10 min. The percent chelating 

potential (%) was assessed by employing the following equation:  

Chelating action (%) = [
Control abs− sample abs

control abs
]× 100  

Catechin was used as a reference compound. 
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3.8.7 β- Carotene bleaching test 

The test was accomplished as per previously described protocol with slight 

modifications (Beauchamp and Fridovich, 1971). 25 µl of linoleic acid and 400 µl of 

Tween 80 were poured in 500 µg of β-carotene (dissolved in 1 ml of chloroform). 

Next step was the removal of chloroform under vacuum. After evaporation of 

chloroform 100 ml of distilled water was added to the residue and shaken well to 

make β- carotene linoleate suspension. 1 ml of suspension was mixed with test sample 

(0.1 ml) and the absorbance of the mixture was noted instantaneously against the 

blank at 470 nm. Next the samples were positioned for 2 h in water bath set at 45 ºC. 

Subsequently the absorbance is recorded again at 470 nm. The antioxidant potency 

was assessed as percent impediment of oxidation by employing the subsequent 

equation. 

Bleaching inhibition (%) = [1 −
(At0– At120)

(Ac0– Ac120)] 
]× 100 

At0 is the initial absorbance 

At120 is the absorbance of solution after 120min  

Catechin and BHT were employed as a standard reference. 

3.8.8 Anti-lipid peroxidation analysis 

This test was performed in accord with  scheme described earlier (Kishida et 

al., 1993). The extract/fractions were dissolved in methanol to prepare varying 

concentrations of sample solutions (50-1000 µg/ml). An aliquot of 300 μl of CuCl2 

solution (0.05 mM) was added to each test tube before adding sample (50 μl) and 

linoleic acid (100 μl). Mixture was vortexes for five seconds and kept for 20 h for 

incubation in shaking water bath set at 37 °C.  20 µl of BHT (prepared in 10 mM in 

ethanol) was poured to each test tube to stop the reaction. Solution of TBA was 

prepared by dissolving 0.67% TBA in 0.1 M HCl by sonication and momentary 

heating. Afterward, 3 ml of this freshly prepared solution of TBA (thiobarbituric acid) 

was added to each sample tube and mixture was vortexed for five seconds. The 

sample tubes were kept in hot water bath for 10 min. After cooling the sample tubes, 

the pink aqueous layer was transferred to new test tubes containing 2.5 ml of 100% n-

butanol. Mixture was vortexed for five seconds and allowed to settle. Absorbance of 

pink solution was noticed at 532 nm using spectrophotometer.  

Percentage inhibition was measured according to following formula: 
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Lipid peroxidation impediment (%) = [
Control absorbance− sample absorbance

control absorbance
]× 100 

BHA was used as a reference standard. 

3.8.9 Total antioxidant capacity (TAC) (Phosphomolybdate assay) 

Phosphomolybdate method was used to determine the  antioxidant capacity of 

compounds (Umamaheswari and Chatterjee, 2008). 1000 µl of assay mixture 

comprising H2SO4 (0.6 M), sodium phosphate (0.028 M) and ammonium molybdate 

(0.004 M) was poured to the sample tubes containining 100 µl of test sample. 

Incubation of mixture was done for 90 min in hot water bath set at 95 
o
C. The 

absorbance of reaction mixture was noted at 765nm after the samples were cooled. 

Ascorbic acid employed as reference standard. 

3.8.10 Reducing power assay 

The protocol of kumaran was exploited for  determining the reducing aptitude 

of the extract/ fractions (Kumaran, 2006). An amount of 0.5 ml of phosphate buffer 

(0.2 M, pH 6.6) and 0.5 ml of potassium ferricyanide was mixed with 0.5 ml of the 

extract/fractions (50-250µg/ml) and incubated at 50 °C for duration of 20 min. 10% 

TCA solution (0.5 ml) was added to the reaction mixture in order to stop the reaction. 

Afterwards, 0.5ml solution was pipetted out from each reaction mixture tube and 

permitted to mix with ferric chloride (100 µl) and of distilled water (0.5 ml). Optical 

density of the chromogen made was note down at 700 nm after incubation of sample 

for 10 min. Higher absorbance values values were proportionated to higher reducing 

potency. 

Values obtained for gallic acid were used as reference standard. 

 Anti-hemolytic activity 3.9

Anti-hemolytic potential of extract/fractions was inspected by 

spectrophotometric procedure as described previously (Yang et al., 2005). 5 ml of 

blood from a healthy person was collected in EDTA vials and centrifuged for 5 min at 

1000 × g. Supernatant was removed and pellet was washed thrice with PBS (0.2M, 

pH 7.4) before resuspending in saline solution (0.5%). 0.5 ml of the extract/fractions 

(100-1000 μg/ml in PBS) was dispensed to 1 ml of erythrocyte suspension and 

incubated at room temperature for 20 min. Next add 0.5 ml of H2O2 solution made in 

buffered saline to the reaction mixture for provoking oxidative degradation of the 
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membrane lipids. Subsequently, the samples were centrifuged at 1000 × g for 10 min 

and the absorbance of supernatant was noted spectrophotometrically at 540 nm. The 

relative hemolysis was assessed in comparison with the hemolysis in the H2O2 treated 

(negative control), which was set as 100%. For positive control phosphate buffer 

saline was used. Each set of experiments was performed in triplicate and inhibitory 

activity of different fractions was calculated and expressed as percent inhibition of 

hemolysis. Quercetin (100-500 μg /ml) treated in the similar manner was employed as 

a reference compound. The study protocol was in agreement with Helsinki 

Declaration. 

 Antibacterial assay 3.10

The antibacterial potency of AHM and its derived fractions was carried out 

using agar well diffusion methods (Boyanova et al., 2005).  

(a). Sample preparation 

Serial dilution method was used and DMSO was employed as a solvent for making 

the serial dilutions of the the extract/fractions at a concentration of 32, 16, 8.0, 4.0 and 

2.0, 1.0, 0.5, 0.25 mg/ml. 

(b). Media for bacterial culture 

Bacteria used for inoculums preparation were grown in nutrient broth medium 

(MERCK). Broth medium was made of 5 g/l peptone and 3 g/l meat extract. Whereas, 

meat extracts (3 g/l), peptone (5 g/l) and agar-agar (12 g/l) were the components of 

nutrient agar medium (MERCK). For preparing nutrient broth medium, nutrient broth 

(0.8 g/100 ml) was dissolve in purified water while nutrient agar medium was get 

ready by mixing nutrient agar (2g) in of purified water (100 ml, pH 7.0) and the 

mediums were autoclaved. 

(c). McFarland 0.5 BaSO4 turbidity reference 

Bacterial culture turbidity was checked using McFarland 0.5 BaSO4. Barium sulfate 

standard (4 to 6 ml) was used to compare the turbidity. The standard was made by 

dissolving 500 µl of 0.048 M BaCl2 in 99.5 ml of 0.36 N H2SO4.  

(d). Microorganisms  

The antibacterial activity of extract/fractions was checked against 6 bacterial strains, 

two Gram- positive i.e. Staphylococcus aureus (ATCC 6538) and Micrococcus luteus 

(ATCC 10240), and four Gram-negative i.e. Bacillus subtilis (ATCC 6633), 
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Escherichia coli (ATCC 15224), Klebsiella pneumoniae (MTCC 618), Pseudomonas 

aeroginosa (ATCC 27853). The test strains were prepared by adding 0.75 ml of broth 

culture which has a density of 10
6 

colony forming units (CFU)/ml.  

(e). Assay method  

2 g of nutrient agar was mixed with 100 ml distilled water (pH 7.0) to make nutrient 

agar medium and then autoclaved. Before pouring the medium in labelled petri plates 

((14cm) it was cool up to 45 °C and after that 75ml of medium was dispensed in each 

plate and left for solidification. After the media was solidified, seven wells per plate 

were made with germ-free 8 mm metallic borer. Swabbing of each test bacterial 

strains was done or a bacterial lawn was made on the plates with the help of sterile 

cotton swab to make sure equal growth over the entire surface area. 100 μl of each 

dilution of extract/fractions was added into the respective well, cefixime (1mg/ml) as 

appositive control and DMSO was used as a vehicle (negative) control in each plate. 

For each bacterial strain plates were made in triplicate. After sample loading plates 

were incubated for 24 h at 37 °C. Next to incubation, the spans of zone of growth 

inhibition were measure in millimeters (mm) with the help of Vernier caliper, and the 

antibacterial activity was assessed thrice.  

 Antifungal assay 3.11

The antifungal activity was judged by employing agar tube dilution technique 

(Duraipandiyan and Ignacimuthu, 2009). 

(a). Microorganisms  

Antifungal activity of A. hydaspica methanol extract/fractions was analyzed against 4 

fungal strains i.e. Aspergillus flavus (ATCC 0064), Aspergillus fumigatus (ATCC 66), 

Aspergillus niger (ATCC 0198), Fusarium solani (ATCC 0300). 

(b). Media for fungal culture 

Fungal strains used for inoculum preparation were grown in Sabouraud dextrose agar 

(MERCK). Agar was composed of glucose 40 g/l, peptone complex 10 g/l and agar 15 

g/l. 

(c). Preparation of samples 

A quantity of 12 mg/ml stock solutions of extract/fractions were made and 67 µl of 

sample was taken from the initial stock to acquire the final concentration of 200µg/ml 
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of the sample. Terbinafine (12 mg/ml in DMSO) was used as a positive control while 

DMSO was used as negative control. 

(d). Assay procedure  

Media for fungal growth was prepared by dissolving 6.5 g/100 ml in distilled water 

(pH 5.6). 4 ml of Sabouraud dextrose agar (SDA) was dispensed into screw capped 

test tubes and autoclaved for 20 min at 121 °C. After sterilization, the tubes in the 

autoclave were allowed to 50 °C. 67 μl of   test samples from the initial stock solution 

was added into the non-solidified sterilized SDA. Subsequent to the addition of test 

samples, the tubes were placed in room temperature at slanting position for 

solidification. The tubes were inoculated after solidification with 4 mm diameter piece 

of fungus extracted from a seven days old fungal culture. Positive and negative 

reference sample tubes were inoculated in a similar manner. Next the sample tubes 

were kept at 28 °C for 7 days. After that the antifungal activity was examined by 

quantifying the linear fungal growth in mm. Growth impediment in test sample was 

calculated with reference to the growth in vehicle control tube. Percent growth 

obstruction was calculation by following equation 

Percentage growth hindrance =  

 100 − [
Linear growth in plant extract/fraction treated tube (mm)

Linear growth in vehicle (DMSO)control (mm) tube
× 100] 

 Cytotoxicity Screening of AHM and its derived fractions 3.12

3.12.1  Brine shrimp lethality assay (BSLA) 

BSLA  protocol of Meyer et al was followed with slight modification to 

evaluate the cytotoxicity of extract/fractions (Meyer et al., 1982). 

 (a). Sample preparation 

DMSO was used to make stock solution of extract/fractions (10 mg/ ml) and three 

different concentrations (10, 100 and 1000µg/ml) of each sample were tested 

(b). Saline preparation 

Approximately 28 g sea commercial sea salt (Sigma) was added to 1 liter of dH2O and 

solution was continuously stirred for 2h. 

(c). Hatching of shrimps 

A dish (22 × 32 cm) of rectangular shape was distributed by mean of plastic divider 

(containing several hole of 2mm diameter) in to two halves of unequal size and filled 
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with artificial sea water. 25 mg of brine shrimps eggs were spread in the larger 

compartment of dish and cover with aluminum foil while the smaller compartment 

was illuminated with lamp. After 24 h phototropic naupolii (brine shrimp larvae) were 

pipetted out from the illuminated portion. 

 (d). Assay procedure 

 0.5 ml of each extract/fractions (10, 100, 1000 mg/L) was poured in labeled drum 

vials and the solvent was evaporated. Residue was re-dissolved in 2ml of saline and 

20 shrimps were dispensed per vial then the volume was upraised to 5 ml. Vial were 

incubated at for 24 h 25°C. After 24 h of incubation survivors in each vial were 

totaled using 3x magnifying glass and calculations were completed using Abbot
’
s 

formula; 

Number of dead (%) = [
Test sample−Control)

Control
] × 100 

LD50 was determined using graph pad prism 5 software. 

3.12.2 Cytotoxicity of AHM and its derived fractions against cancer cell lines 

For initial screening of anticancer potential of AHM and its two active 

fractions; AHE and AHB were selected to tested against human cancer cell lines 

Cell lines 

HCC-38 (CRL-2314™, Homosapien, mammary carcinoma epithelial cells, estrogen 

receptor negative), MDA-MB-361 (HTB-27™, Homosapien, mammary gland/breast; 

derived from metastatic site: brain) and VERO (CCL-81™, normal kidney cells) cells 

were acquired from ATCC (Manassas, VA, USA). 

Media for cell culture 

Breast cancer cell lines; MDA-MB-361 and HCC-38 were maintained in DMEM/F12 

(Sigma), whereas Vero cells were grown in MEM media (Invitrogen). 10% FBS 

(Invitrogen 16000‐044) and 1% Penicillin/Streptomycin (Invitrogen 15140‐122) were 

suplimented to each media. 

Sample preparation  

10 mg/ml stock solutions of extract/fractions were made in dimethyl sulfoxide 

(DMSO, Sigma) and serial dilutions of extracts/fractions (3.125-250 μg/ml) were 

freshly prepared in required cell culture media. The final concentration of DMSO did 

not surpass 1%, to avoid any background response in the bioassay. 

Growth conditions and treatments 
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Cells were retained in a humidified atmosphere comprising 5% CO2 and 95% oxygen 

at 37 °C. To seed appropriate density of viable cells for experimentation, viability of 

cells was examined by automated cell viability analyzer (Vi-CELL XR, Beckman 

Coulter, Inc.) which employes trypan blue exclusion procedure. The automated trypan 

blue staining procedure using Vi-cell XR eliminates variability inherent in manual 

sample preparation and counting. Values of total viable cell count/ml were noted and 

cell number in the stock was adjusted to according to the desire number cells by 

adding fresh media. HCC-38 and Vero cells were at 5× 10
4
 cells/well, whereas MDA-

MB-361 cells were plated at 1.25 × 10
4
 cells/well in 96-well microtiter plates in order 

to ensure their exponential growth throughout the experimental period. After 24 h of 

adherences cells were treated with different doses of extracts/fractions (3.125-250 

μg/ml) for 48 h. Vehicle or negative control (1% DMSO), positive control (50% 

DMSO) and cell-free blank wells containing only media were included in each plate. 

Following incubation, cytotoxicity assay was conducted by MTT test. Assay was run 

in triplicate. 

Cytotoxicity assay using MTT dye 

The principle of MTT is based on cellular reduction of soluble yellow MTT 

tetrazolium salt (3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide) 

to blue formazan products by the mitochondrial dehydrogenase in viable cells. The 

intensity of blue color formed by this reaction is a criterion for cell viability. 

Following incubation with test samples, culture media was aspirated and 200 µl of 

MTT (1 mg/ml, sigma) solution (MTT dye dissolved in serum free, phenol red free 

DMEM) was added in each well and incubated for 2 h at 37 °C in a humidified 

atmosphere containing 5% CO2 and 95% oxygen. Following incubation, solution was 

aspirated and 200 µl HCl (40 µM prepared in isopropanol) was poured in each well. 

Plates were shacked on microplate shaker to completely dissolve the formazan 

crystals. Absorbance was recorded using a plate reader (spe 5M) at 570 nm, with 

reference wavelength at 690 nm.  

Cytotoxicity was measured using following formula: 

Cell survival (%) = [
Abs t−Abs s

Abs c−Abs b
]×100 

Where, Abs t= Absorbance data of test compound, Abs b= Absorbance data of blank, 

Abs c=Absorbance value of control, 
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Cell death (%) = 100-% Cell survival  

IC50 values were calculated using Graph pad prism 5  

 Acute toxicity evaluation in rats 3.13

Acute toxicity evaluation of A. hydaspica extract/fractions was performed on 

Sprague Dawley rats (200-240 g) of either sex. The acute toxicity studies were 

conducted as per the guidelines 425 of Organization for Economic Cooperation and 

Development (OECD) for testing of chemicals for acute oral toxicity (Guideline, 

2001). Animals in good health were selected and randomly divided in to experimental 

groups (n = 6). Animal were fasted for 15 h prior to test samples only water permitted 

and kept at standard conditions of temperature (25 ± 1
o
C) and 12/12 h light/dark 

cycle. Extract/fractions were suspended in distilled water and administered with 

feeding tubes.  Rats were treated with different doses (50, 250, 500, 1000, 2000 and 

3000 mg/kg, p.o.) of extract/fractions, while the control group received saline (10 

ml/kg). All the groups were observed up to 6 h for any gross effect and then mortality 

rate was observed after 24 h of treatment. Animals were watched for death and illness 

for 14 days (Lagarto et al., 2011). 

 Pharmacological activities 3.14

3.14.1  Antipyretic activity 

The antipyretic action of AHM and its active fraction AHE was evaluated 

using Sprague Dawley rats (180–220 g) of either sex using previously explained 

method (Kang et al., 2008). The animals used for examination were of good health 

and body temperature of rats was tested by using digital thermometer. 10 ml/kg 

inoculation of brewer’s yeast as 20% aqueous suspension (Saccharomyces 

cerevisiae), subcutaneous (SC) was administered for inducing Pyrexia. After yeast 

injection all animal groups (6/group) were fasted for 24 h with access to only water. 

Afterwards, the rectal hotness of each rat was noted and and more than 1°C rise in 

temperature verified the induction of pyrexia, while animals showing less than 1°C 

escalation in temperature were disqualified from the test. The group I was injected 

with saline (10 ml/kg), group II received paracetamol (100 mg/kg) as a typical 

antipyretic drug, while group III-XII get 50, 100 and 150 mg/kg, p.o. doses (through 
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feeding tubes) of AHM and AHE respectively. The rectal temperature of the groups 

was recorded at 1 h intervals for 5 h. 

3.14.2 Anti-inflammatory activity 

3.14.2.1 Carrageenan induced paw edema 

The anti-inflammatory action was tested by using rats of both sexes (180-220 

g). The normal paw volumes of all the rats were measured ab initio and animals were 

divided into different groups (6 rats/group) (Muhammad et al., 2012). The group I 

was innoculated with normal saline (10 ml/kg, i.p.), group II, III and IV with the 

standard drugs i.e. diclofenac sodium, aspirin and fluoxetine (10 mg/kg) while rest of 

the groups were treated with AHM and AHE (50, 100 and 150 mg/kg, p.o.). After 30 

min of the above mentioned treatments, carrageenan injection (1%, 0.1 ml, SC) was 

given into the sub-plantar tissue of the right back foot of each rat. The paw volumes 

were quantified by means of digital plethysmometer before and after 1
st
, 2

nd
, 3

rd
 and 

4
th

 h of carrageenan administration. The paw edema volume and percent restraint of 

edema were estimated using the following formulae: 

EV = PVA − PVI 

EV = edema volume, PVI = initial foot volume before carrageenan administration 

and, PVA = Volume of paw (foot) after carrageenan inoculation. 

 

Inhibition (%) =[
EVc−EVt)

EVc
 × 100] 

EVc= Control animals edema volume, EVt = Edema volume of treated animals. 

3.14.2.2 Prostaglandin E2-induced paw edema 

Different treatment groups of rats (n=6) were administered with saline 

(control, i.p.), Diclofenac Sodium (10 mg/kg, i.p., reference standard), AHM and 

AHE (50, 100 and 150 mg/kg p.o.). After 30 min of various treatments, 100 µl of 

prostaglandin E2 (0.01 µl/ml) was injected into the sub-planter side of right back foot 

of each rat, and the edema size was assessed as aforesaid (Safaei‐Ghomi et al., 2005). 

3.14.3 Analgesic activity  

3.14.3.1 Acetic acid induced writhing test 

The scheme employed for this test has previously been explained by khan et al 

(Khan et al., 2013). Number of writhing movements was noted subsequent to the 
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injection of acetic acid solution (i.p. 10 ml/kg, 1%), and animals were observed over a 

period of 10 min, beginning 5 min later to acetic acid injection. Rats were treated with 

AHM and AHE (50, 100, and 150 mg/kg), vehicle (saline), standard drugs (diclofenac 

sodium and aspirin 10 mg/kg) (Singh et al., 2001), 30 min before acetic acid injection. 

The writhing movements (Contraction of abdominal muscles along with the extending 

of hind limbs) were count up in both untreated and treatment groups and percentage 

inhibition in abdominal writhings was calculated as follow.  

 

% Inhibition of abdominal writhing=[
Wc−Wt)

Wc
 × 100]  

W= No. of writhings, c= Control, and t= Test. 

3.14.3.2 Hot plate test 

The scheme defined by (Muhammad et al., 2012) was employed to execute 

this test. Sprague-Dawley rats of either sex (n=6, 180-220 g) were exposed to initial-

scrutiny on a heated plate (Harvard apparatus) retained at 55 ± 0.1
o
C. During pre-

scrutiny animals with greater then 15 sec latency time on heated plate were 

disqualified. Grouping of animals was accomplished randomly into differenet groups, 

with six rats per group. The group I served as control was injected with saline (10 

ml/kg, i.p.), group II and III with diclofenac sodium and fluoxetine (10 mg/kg. i.p.) 

and groups IV-IX were treated with 50, 100 and 150 mg/kg of AHM and AHE 

respectively. Diclofenac sodium and fluoxetine were used as standard drugs for 

comparison (Singh et al., 2001; Zulfiker et al., 2010). After 30 min of dose 

administration, rats were dropped inside the cylinder onto the hot plate and the latency 

period (interval for which rat remains on the hot plate devoid of licking or flicking of 

back limb or jumping) was recorded in seconds. In order to prevent the tissue damage 

the cut off time of 30 sec was set for all animals. The latency time was recorded for 

each group at 0, 30, 60, 90 and 120 min following drug innoculation. Analgesic 

potential was calculated using the following formula. 

 

Analgesia (%) =[
(Treatment group latency – control group latency) 

(Cut off time−control group latency) 
×  100] 
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3.14.4 Antidepressant activity 

3.14.4.1 Forced swim test (FST) 

The FST is a pharmacological in vivo method for estimating antidepressant 

potential (Porsolt et al., 1979). The apparatus comprised of a clear plexiglass cylinder 

(30 cm high and 12 cm diameter) consisting of 25 cm of water. In the pretest, animals 

were placed separately for 15min into the cylinder, 24 h prior to the 6min swimming 

test. All animals were dried properly before placing them back in to their own cages.  

Various groups were treated with AHM/fractions (200 mg/kg b.w., p.o.) or standard 

fluoxetine (10 mg/kg, b.w., i.p) 1h before swimming test. Immobility duration was 

noted during the last 5 min after 1min of acclimatization. 

3.14.4.2 Tail suspension test (TST) 

The TST was performed according to previously established protocol (Steru et 

al., 1985). Before the initiation of behavioral experiment, rats were permitted to 

acclimatize for 24 h at room temperature. 1h after administration of vehicle, 

AHM/fractions and fluoxetine rats were separately suspended by the tail from 

horizontal bar (75 cm above the table top) using tape. Duration of immobility was 

noted for 5 min of acclimatization. The immobility duration during the 5 min test 

period was examined by an expert observer. 

 Evaluation of A. hydaspica against drug induce toxicity 3.15

For in vivo evaluation of pharmacological effects of A. hydaspica against 

toxicity induced by chemotherapeutic drugs, Cisplatin and Doxorubicin were chosen 

to induce toxicity in different organs of rat model. Five major organs including liver, 

kidneys, lungs, heart and testis were investigated at biochemical and histological 

level. 

3.15.1 Animals  

Thirty six (36) male Sprague Dawley rats (200-225 g) used in each experiment 

were maintained in stable conditions at 25 ± 3 ºC, with a 12 h light/dark cycle in an 

ordinary cages. Animals were appropriately fed on standard laboratory provided with 

food and water ad libitum. Guidelines of national institute of animal health (NIH 

guidelines) were strictly adapted in order to conduct the experiment effectively.  
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3.15.2 Drug injections and plant dose preparation 

Cisplatin (CP) and Doxorubicin (DOX) injections were obtained from Sigma-

Aldrich (St. Louis, MO, U.S.A.). Both drugs were dissolved in saline to make 

appropriate dose for administration. 7.5 mg/kg body weight dose of CP was selected 

on the basis of previous literature (Azu et al., 2010) to induce toxicity in various 

organs. A entire doxorubicin dose of 18 mg/kg body weight was innoculated to rats 

during the experimental period (Zhao et al., 2012). Silymarin and AHE were freshly 

prepared in distilled water before dosing (Oda and El-Ashmawy, 2012). 

3.15.3 Experimental plan for Cisplatin (CP) induced toxicity studies 

After 7 days of acclimatization to laboratory conditions, 36 male Sprague 

Dawley rats (200-225 g) were separated indiscriminately in to six groups (n=6) and 

placed in separate cages. The study protocol was designed according to previous 

studies (Nasr and Saleh, 2014; El-Halim and Mohamed, 2012) with  minor 

modifications. The designed was sanctioned by Ethical Committee of Quaid-i-Azam 

University, Pakistan. 

Group I: Control; received one injection of normal saline (0.4 ml, i.p.) on day 16 and 

oral distilled water for 21 days. 

Group II: CP treated; received one innoculation of CP (7.5 mg/kg b.w., i.p.) on day 

16
th

 of experiment for inducing organ toxicity, and distilled water for 21 days (oral). 

Group III: AHE treated; 400 mg/kg body weight/day oral dose for 21 days.  

Group IV: CP+ AHE post treated; CP on day 16 after continuous administration of 

oral distilled water for 16 days. Next AHE was given (400 mg/kg b.w/day, p.o.) after 

CP single injection starting from day 16 to 21. 

Group V:  CP+ AHE pretreated; received 400mg/kg body weight/day, p.o. for 21 days 

and CP (7.5 mg/kg b.w., i.p.) on day 16.  

Group VI: CP+ Silymarin; received 100 mg/kg b.w., p.o. dose every other day (11 

doses/21 days) and CP (7.5 mg/kg b.w., i.p.) on day 16. Initial and final body weights 

of rats were recorded. Male rats were selected for study for the reason that they have 

persistent metabolism in contrast to the females with variable physiology. 

3.15.4 Experimental plan for Doxorubicin (DOX) induced toxicity studies 

Similar to CP experiment animals were acclimatized for 7 days to laboratory 

conditions. Thirty six male Sprague Dawley rats (200-225 g) were randomly 
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separated in to six groups (6 rats per group) and placed in separate cages. The study 

protocol was designed according to previous studies (van Acker et al., 2000; Jalali 

and Hasanzadeh, 2013; Sakr et al., 2011) with slight modifications. 

Group I: Control; received six doses of normal saline (0.4 ml, i.p.) for 6 weeks (one 

dose/week) and distilled water oraly for 6 weeks  

Group II: DOX treated; received 3 mg/kg b.w. (i.p.) dose of DOX, one dose per week 

for 6 weeks (18 mg/kg b.w. total dose) for inducing organ toxicity, and oral distilled 

water for 6 weeks  

Group III: AHE treated; received single oral dosage of 400 mg/kg b.w. /day for 6 

weeks 

Group IV: DOX+ AHE 200 mg/kg; received single oral dose of 200 mg/kg b.w. /day 

for 6 weeks with DOX i.p. injection once per week  

Group V:  DOX+ AHE 400 mg/kg; received one dose of 400 mg/kg b.w., p.o. /day for 

6 weeks with DOX i.p. injection once per week 

Group VI: DOX+ Silymarin; received 2 oral doses of 100 mg/kg b.w/ week (12 

doses/6 weeks) with DOX i.p. injection once per week 

Initial and final body weights of rats were recorded.  

3.15.5 Sample collection 

On day 22
nd

 of CP experiment (6 days after CP injection), and 24 h after last 

treatment in DOX experiment, urine sample was collected and kept at -80°C uptill 

analysis, afterward the rats were anesthetized by chloroform inhalation. Animals were 

dissected from the ventral side of the body. Blood samples were drawn through a 

direct intracardiac puncture and poured in sterile labeled falcon tubes and submitted to 

centrifugation at 10,000 rpm for 15 min at 4
o
C to obtained serum. Serum samples 

were kept in a freezer at -80°C for subsequent biochemical analysis. 

 After taking blood the following organs were excised; liver, kidneys, lungs, 

heart and testis, and tissues were cleaned with ice cold normal saline, blotted with 

filter paper and weighed. Next, half  portion of all the organs were safed in  liquid 

nitrogen and preserved at -80°C for examination of antioxidant enzymes and 

oxidative stress markers, while the other half was processed for histology.  
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3.15.6 Histopathological examination by light microscopy 

For histopathological examination, tissues from each organ were sectioned and 

fixed in 10% buffered formalin and dehydrated and fixed in parafilm to prepare 

blocks for microtomy. Tissues were sectioned 4-5 µm with microtome and stained 

with hemotoxilin-eosin (H&E) and studied under light microscope. 

3.15.7 Biochemical investigations 

To evaluate the pharmacological effects of A. hydaspica AHE fraction counter 

to the toxicity promted by CP and DOX innoculation in rats’ subsequent tests were 

performed. 

3.15.7.1 Urine analysis 

Urine physical parameters i.e. Red blood cells (RBCs) count, white blood cells 

(WBCs) count, pH, specific gravity and urea levels were determined by using  

standard diagnostic kits (Krenngasse 12, 8010 Graz, Australia). AMP diagnostic kits 

(Krenngasse 12, 8010 Graz, Australia) were employed for the evaluation of various 

biochemical parameters i.e. urine creatinine, creatinine clearance, albumin and protein 

profile. 

3.15.7.2 Serum analysis  

For the analysis of serum samples of rats, the diagnostics kits of AMP 

(Krenngasse 12, 8010 Graz, 1qsAustralia) were used to estimate urea, uric acid, 

creatinine, BUN, bilirubin, albumin, globulin and total protein levels in serum 

samples. 

3.15.7.2.1 Urea concentration estimation 

Quantity of Urea was assessed via kit procured from AMP Diagnostics 

Company 

 (a). Principle 

Hydrolysis of urea occurs to ammonia and carbon dioxide in the presence of enzyme 

urease and glutamate dehydrogenase converts ammonia into glutamate in the presence 

of oxoglutarate and NADH. Oxidation of NADH is measured at 340 nm, which is 

directly related to extent of urea present in sample. 

H2O + Urea    urease       CO2 + 2NH3  

2 α-ketoglutarate + 2 NADH + 2NH4
+
     GIDH      2NAD

+
 + 2L-glutamate + 2H2O 
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(b). Test protocol  

An aliquote of 10 µl urine, serum sample or standard   was added to 800 µl R1 (Tris 

buffer, α-ketoglutarate, urease, GIDH and ADP) and 200 µl of R2 (NADH 1.5 Mm/L 

Optical density was notedown at 340 nm after one and two minutes by 

spectrophotometer (Smart Spec TM Spectrophotometer). Blank comprising of 

distilled water and reagent was prepared and urea (50 mg/dL) was employed as 

reference. Urea concentration was estimated by the following formula:  

Urea concentration (mg/dl) = [
Sample  absorbance

Standard aborbance  
×  n]  

Standard concentration is denoted by n which is calculated in mg/dl 

3.15.7.2.2 Assessment of creatinine and creatinine clearance 

AMP diagnostics company kit was used for the determination of creatinine in   

urine and serum 

(a). Principle 

Picric acid reacts with creatinine to yeild a shaded complex in basic condition. Extent 

of color formation is directly related to the quantity of creatinine present in the 

samples.   

(b). Assay procedure 

An aliquot of 50 µl of samples or standard were added to 1ml of R1 (Alkaline buffer) 

and 200 μl of R2 (Picric acid 40 mM). Optical density was measured at 510 nm after 

25 sec. Precisely 2 min after the first reading (A1) second reading (A2) was noted. 

Creatinine concentration in test sample was calculated using following formula; 

Creatinine concentration (mg/dL) =  [
A2−A1 sample 

A2−A1 standard  
×  n]  

 

Standard concentration was denoted by n. 

Creatinine clearance was evaluated by employing formula; 

 

Cc = [
Creatine concentration in  urine (Cu)

Creatine coincentration in serum (Cs) 
] × V  

The quantity of creatinine in serum is denoted by Cs while Cu denotes the quantity of 

creatinine in urine and V represents the urine flow rate in ml/min. 

3.15.7.2.3 Assessment of total protein 

(a). Test Principle 
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Protein concentration in urine and serum was measured by means of the formation of 

a colored complex in the presence of copper sulphate in alkaline solution (biuret test) 

using AMP diagnostics company kit 

(b). Assay procedure 

An aliquot of 10 μl sample or standard (albumin) was mixed with 1 ml reagent 

(copper sulphate, sodium hydroxide, potassium sodium tartarate and potassium 

iodide). Optical density was measured at 550 nm after incubation for 10 min at 37 °C. 

Instead of sample distilled water (10 µl) was used as blank. Estimation of total protein 

concentration was assessed by the following formula:  

Total protein concentration (mg/dl) = [
Sample  absorbance

Standard aborbance  
×  n]  

n= standard concentration (mg/dl) 

3.15.7.2.4  Evaluation of albumin 

Determination of urine and serum albumin was done by colorimetric method 

using AMP diagnostics kit. 

Assay procedure 

1000 µl of reagent  (bromocresol green, succinate buffer, Brij 35) was added to 10 µl 

samples or protein standard (bovine albumin) while 10 µl distilled water was used as 

blank. Incubation of reaction mixture was done at 37 °C for 5 min. Optical density 

was observed at 628 nm. 

Albumin concentration in sample was calculated through formula; 

 

Albumin concentration=  [
Sample  absorbance

Standard aborbance  
×  n]  

n symbolizes standard concentration 

3.15.7.2.5  Evaluation of globulin 

Amount of Globulin in serum is determined using formula;  

Globulin= Total protein – albumin 

3.15.7.2.6  Determination of bilirubin 

(a). Principle 

Diazotized sulfanilic acid is byproduct of the reaction among sodium nitrite and 

sulfanilic acid. Azobilirubin is formed by the reaction between total bilirubin and 
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diazotized sulfanilic acid in the presence of DMSO while without DMSO only direct 

bilirubin reacts with the diazotized sulfanilic acid and yield a colored product. AMP 

diagnostic kit was used to assess the amount of direct bilirubin in the serum using kit 

from AMP Diagnostics Company.  

Assay procedure  

100 µl of investigational sample was added to 1.5 ml of R1 (16mM sulfanilic acid, 4.4 

m DMSO and 164 mM HCl) and 10 μl of R2 (sodium nitrite 0.6 M). Mixture was 

incubated at 37 °C for 5 min. Optical density was measured at 555 nm by 

spectrophotometer. Amount of bilirubin in the sample was calculated using following 

formula;  

 

Bilirubin (mg/dl) = [
Sample  absorbance

Blank  aborbance  
×  n]  

n= standard concentration (mg/dl) 

3.15.7.2.7 Determination of serum Triglycerides 

(a). Assay principle 

Enzymatic hydrolysis of serum triglycerides is induced by lipase which results in the 

production of free fatty acids and glycerol. Glycerol kinase converted glycerol to 

glycerol-1-phosphate (G-1-P) and adenosine-5’-diphosphate (ADP). Glycerol 

phosphate oxidase then oxidized G-1-P is to dihydroxyacetone phosphate (DAP) and 

hydrogen peroxide (H2O2). The pairing of 4- aminoantipyrine (4-AAP) and sodium N-

ethyl-N-(3-sulfopropyl) m-anisidine (ESPA) with H2O2 catalyzed by peroxidase A 

produces quinoeimine dye colored complex, which gives maximum absorbance at 540 

nm. The rise in absorbance at 540 nm is proportionate to triglyceride concentration of 

the sample. 

(b). Assay procedure 

1000 µl of the reagent was mixed with 10 µl  of sample or standard, distilled water 

was used as blank and samples were incubated at 37 ºC for 10 min optical density was 

recorded at 500 nm.  

Concentration of triglyceride in the sample is calculated using following formula; 

 

Triglyceride concentration (mg/dl) =  [
Sample  absorbance

Blank  aborbance  
×  n]  
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Where n is standard concentration. 

3.15.7.2.8  Determination of serum cholesterol 

 (a). Principle 

 The formation of colored complex in the test sample indicates the 

presence of cholesterol the assay involve series of reaction steps  

1. Cholesterol esterase (CE) causes enzymatic hydrolyzation of cholesterol esters to 

cholesterol and free fatty acids.  

2. Cholesterol oxidase (CHOD) then oxidized free cholesterol to cholest-4-en-3-one 

and H2O2.  

3. Hydrogen peroxide formed effects the oxidative coupling of phenol and 4- 

aminoantipyrine (4-AAP) to form a red-colored quinoneimine dye In the presence of 

peroxidase (POD). 

H2O  + Cholesterol esters   cholesterol esterase     fatty acids + Cholesterol 

 

O2 + Cholesterol   cholesterol oxidase      H2O2 + 4-Cholestenona 

 

4-Aminoantipyrine + 2H2O2 + Phenol     peroxidase       4H2O2 + Quinonimine 

 

The amount of the shade produce is proportionate to the quantity of cholesterol in the 

sample. 

(b). Assay procedure 

10 µl of serum sample or standard was mixed with 1ml reagent (Sodium cholate 

1mM, peroxidase 1 KU, 4-aminoantipyrine 0.3 mM, cholesterol esterase 250 U, 

cholesterol oxidase 250 U, phenol 4 mM, biocides 4g/l, pipes buffer 200mM, 

nonionic tensioactives 4mM) and incubated at 37 
o
C for 10 min. The optical density 

of the samples was read against the blank at 500 nm.  

Cholesterol level in the serum was assessed by employing formula; 

 

[
Test Sample  absorbance

Standard aborbance  
×  n]  

n represents standard concentration. 
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3.15.7.2.9  Estimation of high density lipoprotein (HDL) 

(a). Principle  

AMP diagnostic kit was employed for the estimation of HDL in vitro. In reagent R1 

the antibody, antihuman β-lipoprotein links to lipoproteins. Addition of R2 results in 

the formation of antigen-antibody complexes. In R2 cholesterol esterase (CHE) and 

cholesterol oxidase (CO) respond only to HDL. This enzymatic reaction with HDL 

results in the formation of hydrogen peroxide and yields a blue color. The HDL 

concentration in the test sample was calculated by assessing absorbance at 600 nm. 

(b). Assay procedure 

 2.5 µl of serum sample was mixed with the 240 µl reagent 1 (Goods buffer 40mM, 

4aminoantipyrine 0.9 mM, ascorbate oxidase U/l, peroxidase 2400 U/l, Antihuman β-

lipoprotein antibody) and after 5 min incubation at 37 
o
C  optical density was 

measures at 600nm absorbance was measured. Next 60 µl of R2 (Goods buffer 

40mM, cholesterol esterase 4000 U/l, cholesterol oxidase 20000U/l,  FDAOS 0.8 

mM) was mixed and again incubated for 5 min at 37 
o
C. After incubation the 

absorbance was noted at 600 nm.  

 Concentration of HDL was calculated using following formula; 

 

HDL concentration (mg/dl) =[
Absorbance (A2−A1 Sample ) 

Absorbance (A2−A1 Blank)  
×  n]  

n= Standard calibrator concentration 

3.15.7.2.10 Estimation of low density lipoprotein (LDL) 

LDL concentration was quantified by employing the equation: 

 

LDL concentration (mg/dl) = [
Triglyecride concentration

5
+ HDL − Cholestrol]  

3.15.7.2.11 Estimation of serum alanine transaminase (ALT) 

Serum ALT concentration was determined using modular P800 model 

autoanalyzer (Roche, Mannheim, Germany) with reagents (Roche diagnostics GmbH, 

Mannheim, Germany) according to the reference method of the international 

federation of clinical chemistry (IFCC) was used. 

(a). Principle                                                                                                            m 

ALT catalyzes the reaction among L-alanine and a-ketoglutarate and form pyruvate 
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which is reduced by NADH. This reaction is catalyzed by lactate dehydrogenase 

(LDH) to form L-lactate and NAD+. The rate of the NADH oxidation is directly 

related to the amount of ALT which is measured by the reduction in absorbance at 

340 nm. 

L-alanine + α-Ketoglutarate   ALT         Pyruvate + Glutamate 

NADH + H
+ 

  + Pyruvate       LDH          NAD
+
  + Lactate + H2O

 

 (b). Procedure 

100 µl was poured to 1 ml of reagent and incubation was accomplished at at 37 
o
C for 

1 min.  The absorbance was measured by the Spectra Routine Chemistry analyzer for 

the next three minutes. Distilled water instead of sample was used as blank.  

The enzyme activity was estimated as units per litter (U/L) by using the following 

equation. 

Enzyme activity (U/L) = [
ΔA 

min
×  F]  

Average absorbance of samples per min was denoted by (ΔA/min) while F represents 

factor definite for individual wavelength. For 340 nm F value is 6220 M
-1

.cm
-1 

3.15.7.2.12 Estimation of Aspartate transaminase (AST) 

The assay was performed by AMP diagnostic kit 

(a). Assay Principle  

L-Aspartate + 2-Oxoglutarate              AST           L-Glutamate + Oxaloacetate 

Oxaloacetate + NADH + H
+ 

       MDH
 
      L-Maltate + NAD

+
 

The amount of NADH consumption was directly related to the AST activity in the 

sample which is measured at 340 nm. Two reagents are used in the study. Reagent R1 

composed of Tris HCl, L-aspartate, malate dehydrogenase and lactate dehydrogenase 

while reagent R2 contained 2- Oxoglutarate, NADH and Pyridoxal-5-phosphate. 

(b). Assay procedure 

100 µl of serum samples was added to 1 ml of reagent and incubate for 1 min at 37 

o
C.  The absorbance was recorded for next three minutes at 340 nm. Distilled water 

instead of sample was used as blank. The AST level in the sample was calculated 

using following formula; T (U/L) = [
ΔA 

min
×  F]  

Where (ΔA/min) is the average absorbance of samples per min while F is a factor 

specific for each wave length. For 340 nm it is 6220 M
-1

.cm
-1
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3.15.7.2.13 Estimation of alkaline phosphatase (ALP) 

Serum ALP concentration was determined using modular P800 model 

autoanalyzer (Roche, Mannheim, Germany) with reagents (Roche diagnostics GmbH, 

Mannheim, Germany), procudure based on the reference method of the international 

federation of clinical chemistry (IFCC) was used. 

(a). Principle 

p-nitrophenyl phosphate is cleaved by phosphatases into phosphate and p-nitrophenol 

in the presence of magnesium and zinc ions. ALP activity is directly proportional to 

the amount p-nitrophenol released. It is determined by measuring the increase in 

absorbance at 409 nm. 

4-Nitrophenyl phosphate (colorless) + H2 O       ALP             ALP 4-Nitrophenol 

(yellow) 

(b). Assay procedure 

20 µl of sample was pipetted to 800 µl of reagent and absorbance was recorded after 

one min interval for a span of 3 minutes. 

 

ALP activity (U/L) = [
TRV×1000 

18.8x SV x Pl
] 

Where: TRV = Total reaction volume in ml  

SV = Volume of sample in ml  

18.8 = Absorption coefficient of 4-nitrophenol in millimolar at 405nm 

 Pl = Path length of Cuvette in cm 

3.15.7.2.14 Lactate dehydrogenase (LDH)  

(i). Principle 

LDH is an oxido-reductase which causes the inter conversion of lactate and pyruvate. 

The LDH test is centered on a NADH-coupled enzymatic reaction induced reduction 

of the tetrazolium salt MTT, which displays a maximum absorption at 340 nm. The 

amount of the purple shade formed is in a straight line related to the enzyme activity. 

(b). Assay procedure                                                                                      y               

10 µl of sample was pipetted to 800 µl of R1 (Sodium chloride 255 mM, tris buffer 

1008 mM, pyruvate 2 mM) and 200µl of R2(NADH 1.3 mM) and mixed thoroughly. 

Read optical density at 340 nm shortly after the mixing (initial reading) and for next 3 
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min. Optical density (OD) of calibrator is also measured while OD of water mixed 

with reagent is used as blank  

LDH (U/L) = [
Abs 

min
× 11496] 

3.15.7.2.15 Blood urea nitrogen (BUN) profile  

 BUN profile was determined by kit which is purchased from Max Discovery. 

3.15.7.2.16 Nitrite assay 

 Nitrite test was accomplished by consuming Griess reagent (Guevara et al., 

1998; Sun et al., 2003). 5% ZnSO4 and 0.3 M NaOH in equal quantity were utilized to 

deproteinize the sample followed by centrifugation for 20 minutes at 6400 x g and the 

supernatant was taken. Griess reagent (1 ml) was used to blank the spectrophotometer 

(Smart Spec TM Spectrophotometer). 20 µl of sample was pipetted to react with 1 ml 

griess reagent followed by note down of absorbance at 540 nm. Standard calibration 

curve of sodium nitrite was used to calculate concentration of nitrite in tested sample. 

3.15.7.2.17 Estimation of serum CK 

The quantitative measurement of CK was acheived employing kit from AMP 

Diagnostics Company. 

(a). Principle 

             Creatine kinase (CK) catalyzes the following reaction. 

ADP + CP                 CK (AMP, NAC) pH 6.5             Creatine + ATP 

Glucose + ATP                         HK                                ADP + G6P 

NADP
+
 + H2O + G6P           G6P-DH                           Gluconate-6P + NADPH + H

+ 

 

The conversion is monitored by the degree of intensification in absorbance as a result 

of reduction of NADP to NADPH and is propotionated to the existent of CK activity 

in the sample. 

(b). Assay procedure 

40 µl of sample or standard was pipetted to 1 ml working reagent and incubation was 

done for 3 min. The sample absorbance was read at 340 nm at 37ºC against the blank 

for 3 minutes with 1 min interval. 

CK activity was assessed by using formula; CK (U/L) = [
ΔA 

min
× 8095] 
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ΔA denotes is average change in absorbance. 

3.15.7.2.18 Estimation of serum CK-MB 

(a). Assay procedure 

The increased level of CK-MB along with elevated levels of total CK is a good 

indicator of myocardial infarction.  The anti CK-MB antibody existed in the reagent 

inhibits the action of CK-MB in the test samples. The CK-B fraction activity is 

measured by the CK (NAC act.) method. The CK-MB activity is calculated by 

multiplying the CK-B activity by two. 

(b). Assay procedure 

50 µl of sample or standard was pipetted to 1 ml working reagent and incubated for 5 

min. The OD of the samples was recorded against the blank after 1, 2 and 3 min. 

Activity of CK.MB was assessed by employing formula; 

Level of CK - MB (U/L) = ΔA /min. x 6666 

ΔA denotes is average change in absorbance. 

3.15.7.3 Immunoassay 

3.15.7.3.1  Testosterone determination 

Testosterone concentration in the serum of treated groups was determined 

through Astra Biotech kit, Immunotech Company. 

(a). Principal of assay 

It is a competitive solid phase enzyme immunoassay. Horseradish peroxidase (HRP) 

labelled testosterone competes with testosterone in the sample for binding to the 

antibodies coated in the wells until equilibrium is achieved. The amount of bound 

conjugate is indirectly related to the amount of testosterone in the sample. 

(b). Assay procedure 

50 μl of calibrators (0-5), control and samples in duplicates were added into the 

respective wells; two wells (A1-A2) were kept empty for blank. 150 μl of conjugate 

was dissolved in each well, excluding blank wells. Strips were incubated for 90min at 

room temperature while shaking (500-800 rpm). Four times washing was done. 

Further 100 μl of substrate was pouredto each well and strips were incubated for 15-

30 min at room temperature in the dark. Stop solution (100 μl per well) was poured in 

the same speed and sequence as used for dispensing TMB substrate. Absorbance was 
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recoded at 450nm within 20 minutes. Concentration of testosterone in the sample is 

calculated by mean of standard calibration curve. 

3.15.7.3.2  Determination of follicle stimulating hormone (FSH) 

Concentration of FSH in the serum of different treatment groups is estimated 

through GenWay Immunoassay Test Kit  

(a). Principal 

The FSH test was a solid phase enzyme-linked immunosorbent assay (ELISA). The 

microtiter well plates were coated with mouse monoclonal anti-α-FSH antibody as a 

solid phase while mouse monoclonal anti-β-FSH antibody was present in antibody-

enzyme (horseradish peroxidase) conjugate reagent. The samples were reacted 

concurrently with antibodies, as consequence FSH become sandwiched in between 

solid phase and enzyme-linked antibodies. Color intensity denotes the concentration 

of FSH in the test sample. 

(b). Preparation of Reagents 

Before used reagents were espoused to room temperature.  Lyophilized standard were 

reconstituted with 1ml purified water and shake gently for 20 min prior to use. 

(c). Assay procedure  

Samples, standard and controls (50 μl) were dispensed into particular wells and mixed 

with 100 μl enzyme conjugate reagent, and shake for 30 sec.  Incubation of wells was 

done at room temperature for a period of 45 min. Rinse the wells at least 5 times with 

distilled or deionized water. Tap the wells over paper towels to remove all remaining 

water. Then 100 μl of TMB solution was poured to each well dissolved gently for 10 

sec and incubate in dark for 20 min at 25 
o
C. 100 μl of stop reagent was poured per 

well to stop the reaction and were shaken gently for 30 sec. Change of color was 

recorded at 450 nm within 15 min.  

(d) Result calculations 

Mean absorbance acquired from each reference standard was used to make standard 

curve via plotting the mean absorbance against respective concentration in mIU/ml 

and the concentration of FSH in test samples is attained from the standard curve. 

3.15.7.3.3  Determination of luteinizing hormone (LH) 

LH hormone level in the serum of different treatment groups is estimated 

through GenWay, Biotech, Inc. 
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 (a). Principal 

The LH test is a solid phase direct sandwich technique. The samples and diluted anti-

LH-HRP conjugate were poured to the Mab LH beta subunit coated wells. LH adheres 

to anti-LH MAb on the well, which consequently adhere to the anti-LH second 

antibody. Wash buffer was used to wash off unbound protein and HRP conjugate. The 

color developed after the addition of substrate indicates the amount of LH in the 

samples. Standard curve was made from the absorbance values that proportionate the 

color intensity with the concentration of LH. 

(b). Reagents preparation  

Wash buffer (1X) was made by dissolving the stock buffer solution (25 ml, 20X) to 

475 ml of distilled or deionized water and kept at room temperature. 

(c). Assy procedure  

Before use, all solutions were combined gently. LH standards, controls and samples 

sera of 50 μl were taken. 100 μl of enzyme conjugate solution was added/wells and 

plate was sealed off and incubated at room temperature for 30 minutes. Liquid from 

all wells were removed.  Wells were washed thrice with 300 μl of wash buffer (1X). 

Blot the wells over absorbent towels to remove excess water. 100 μl of TMB substrate 

were added to all wells and then Incubated for 10 minutes at room temperature. 

Finally 50 μl of stop reagent was added/well and plate was shaken gently. Absorbance 

was recorded at 450 nm using ELISA Reader within 15 minutes after adding the stop 

reagent.  

Calculation of results  

Absorbance of LH standards versus concentration was employed to obtained LH 

standard curve that was used for calculating the concentration of LH in controls and 

each unknown sample. 

3.15.7.4 Assessment of tissue biochemical parameters 

Different tissues had been evaluated for protein estimation and antioxidant 

status and level of oxidative stress markers.   Homogenization of approximately 100 

mg of liver, kidney, lung, testes and cardiac tissues was achieved in 3 ml of 100 mM 

KH2PO4 buffer supplemented with 1 mM EDTA (pH 7.4). Centrifugation of 

homogenate was completed at 12,000 × g at 4 
o
C for 30 min. The supernatant was 

pipetted out and proceed for further analysis. 
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3.15.7.4.1  Protein assessment  

 Lowry et al procedure was followed to estimate the total soluble proteins 

within the tissues (Lowry et al., 1951). 1 ml of alkaline solution was dispensed in 0.1 

ml of supernatant and mixed vigilantly with the help of vortex machine. Then the 

incubation was done for 30 min. Afterwards the alteration in absorbance was 

calculated at 595 nm with spectrophotometer. Bovine serum albumin (BSA) curve 

was used to find out the concentration of serum proteins in the sample.  

3.15.7.4.2  Catalase (CAT) activity  

 CAT (catalase) is an enzyme which is present in peroxisomes. It undergoes the 

transformation of hydrogen peroxide to oxygen and water. Due to decrease in the 

catalase level, the significantly reduced potential of various tumors to detoxify 

hydrogen peroxide occurs (Klaunig and Kamendulis, 2004).  The CAT reaction 

solution consists of 625 μl of 50 mM of potassium phosphate buffer (pH 5), 100 μl of 

5.9 mM H2O2 and 35 μl enzyme extract. Variations in the absorbance of the reaction 

solution were noted after 1 min at 240 nm. An absorbance change of 0.01 as units/min  

denotes one unit of catalase activity (Chance and Maehly, 1955).  

3.15.7.4.3  Peroxidase (POD) activity  

Activity of POD was assayed by previously described protocol with slight 

modifications (Chance and Maehly, 1955). POD reaction solution contains 40 mM 

hydrogen peroxide (75 μl), 20 mM guaiacol (25 μl) and 625 μl of 50 mM potassium 

phosphate buffer ( pH 5.0) and 25 μl of tissue homogenate. After an interval of one 

minute, variation in absorbance was determined at 470 nm. One unit POD activity is 

equivalent to change in absorbance of 0.01 as units/min. 

3.15.7.4.4  Superoxide dismutase (SOD) activity  

 Superoxide dismutase facilitates the formation of O2 along with less reactive 

species (H2O2) by catalyzing the dismutation of O2
-
 radical. It is an important 

enzymatic antioxidant (Landis and Tower, 2005). Kakkar et al  method was utilized 

for the assessment of SOD activity (Kakkar et al., 1984). Phenazine methosulphate 

and sodium pyrophosphate buffers were exploited for the assessment of SOD activity. 

Centrifugation of tissue homogenate was done at 1500 × g for 10 min and then at 

10,000 × g for 15 min. Supernatant was collected and 150 μl of it was added to the 
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aliquot containing 600 μl of 0.052 mM sodium pyrophosphate buffer (pH 7.0) and 

186 mM of phenazine methosulphate (50 μl). In the end to initiate enzymatic reaction, 

100 μl of 780 μM NADH was added. After 1 min, glacial acetic acid (500 μl) was 

added to stop the reaction. At 560 nm optical density was determined to enumerate 

the color intensity. Results were evaluated in units/mg protein.  

3.15.7.4.5  Quinone reductase assay (QR) 

 The quinone reductase activity in tissues of different treatment groups was 

evaluated by previous method (Benson et al., 1980). Reaction mixture in a total 

volume of 3 ml comprised of  25 mM Tris-HCl buffer (2.13 ml; pH 7.4), 700 µl of 

BSA, 100 µl of FAD, 20 µl of 0.1 mM NADPH and 100 µl of tissue homogenate. 

Reduction of dichlorophenolindophenol (DCPIP) was noted at 600 nm. Enzyme 

potency was estimated as nM of DCPIP reduced/min/mg protein by employing molar 

extinction coefficient of 2.1 × 10
4
 M

-1
cm

-1
. 

3.15.7.4.6  Reduced glutathione (GSH) estimation test 

The procedure of Jollow et al., was exploited for the valuation of reduced 

glutathione potency (Jollow et al., 1974). Precipitation of tissue homogenate (500 μl) 

was carried out by the addition of (500 μl) 4% sulfosalicylic acid. 1 h of incubation at 

4˚C was done then the samples were centrifuged for 20 min at 1200 × g. An aliquot of 

33 μl supernatant was collected and added to aliquots consisting of 900 μl of 0.1 M 

potassium phosphate buffer (pH 7.4) and 66 μl of 100 mM DTNB. Reaction of GSH 

with DTNB produced a yellow colored complex reduced glutathione. Through 

spectrophotometer absorption was observed at 412 nm. The GSH activity was 

measured by μM GSH/g tissue. 

3.15.7.4.7  Activity of Glutathione-S-transferase (GST)  

Scheme of Habig et al. was followed for the estimation of GST potency(Habig 

et al., 1974). The assay principle relies on the formation of CDNB conjugate. 150 μl 

aliquot of tissue homogenate was added to 720 μl of sodium phosphate buffer together 

with 100 μl of reduced glutathione (1 mM) and 12.5 μl of CDNB (1 mM). By 

spectrophotometer, optical density was recorded at 340 nm. Through molar 

coefficient of 9.61 × 10
3
 M

-1
cm

-1
 GST activity was estimated as amount of CDNB 

conjugate formed per minute per mg protein. 



Chapter 3                                                                                      Material and Methods 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                             90 

 

3.15.7.4.8  Glutathione reductase assay (GR) 

Carlberg and Mannervik  method was used to determine the Glutathione 

reductase activity in tissue samples (Carlberg and Mannervik, 1975). The reaction 

reagent 2 ml was made of of 1.65 ml phosphate buffer: (0.1 M; pH 7.6), 100 μl EDTA 

(0.5 mM), 50 μl oxidized glutathione (1 mM), 100 μl NADPH (0.1 mM) and 100 μl of 

homogenate. Activity of enzyme was monitered by recording the absorbance of the 

vanishing of NADPH at 340 nm at 25 ºC. Estimated of enzyme level was 

accomplished as nM NADPH oxidized/min/mg protein by employing molar 

extinction coefficient of 6.22 × 10
3 

M
-1

cm
-1

. 

3.15.7.4.9  Glutathione peroxidase assay (GPx)   

 Mohandas et al. protocol was used to examine the glutathione peroxidase 

activity (Mohandas et al., 1984). Entire volume of 2 ml reaction solution comprised of 

1 mM EDTA (100 μl), 0.1 M phosphate buffer (1.49 ml; pH 7.4), 1m M sodium azide 

(100 μl),  1 IU/ml glutathione reductase (50 μl), 1 mM GSH (50 μl), 0.2 mM NADPH 

(100 μl), 0.25 mM H2O2 (10 μl) and tissue homogenate (100 μl). The loss of NADPH 

was recorded at 340 nm at room temperature. Enzyme level was estimated as nM 

NADPH oxidized/min/mg protein employing 6.22 × 10
3 

M
-1

cm
-1

 molar extinction 

coefficient. 

3.15.7.4.10 γ-Glutamyl transpeptidase (γ-GT)  

Orlowski et al scheme was adopted to find out the activity of γ-glutamyl 

transpeptidase (Orlowski et al., 1974). Glutamyl nitroanilide was used as substrate for 

verification of the activity of γ-GT. Reaction solution of γ-GT consist of an aliquot of 

50 μl tissue homogenate, 250 μl of glutamyl nitroanilide (4 mM), 250 μl of glycyl 

glycine (40 mM) and 250 μl of MgCl2 (11 mM) which was prepared in 185 mM Tris 

HCl buffer at room temperature. After 10 min of incubation, the reaction was stopped 

with the addition of 250 μl 25% trichloro acetic acid. Then centrifugation was done at 

2500 × g for 10 min and the optical density of collected supernatant was determined 

at 405 nm. Activity of γ-GT was determined as nM nitroaniline formed per min per 

mg protein by the aid of molar extinction coefficient of 1.75 × 10
3
 M

-1
cm

-1
.  
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3.15.7.4.11 Hydrogen peroxide assay  

Pick and Keisari method was followed for the estimation of hydrogen 

peroxide  activity of tissue samples from different treatment groups (Pick and Mizel, 

1981). The H2O2 horseradish peroxidase enzyme brought about the oxidation of 

phenol red. In the reaction mixture, 500 μl of 0.05 M phosphate buffer (pH 7), 100 μl 

of homogenate was added along with 100 μl of 0.28 nM phenol red solution, 250 μl of 

5.5 nM dextrose and horse radish peroxidase (8.5 units) was added. Incubation was 

done at room temperature for 60 min. 100 μl of NaOH (10 N) was added to stop the 

reaction. Then mixture tubes were centrifuged for 5-10 min at 800 × g. By 

spectrophotometer the absorbance of the collected supernatant was calculated against 

reagent blank at 610 nm. Production of H2O2 was measured as nM H2O2/min/mg 

tissue by employing the standard curve of phenol red oxidized by H2O2.  

3.15.7.4.12 Nitrite assay  

For the execution of nitrite assay, Griess reagent was utilized (Green et al., 

1982). For the deproteinization of tissue samples (100 mg each) equal quantity i.e., 

100 μl each of both 5% ZnSO4 and 0.3 M NaOH was used. Centrifugation was done 

at 6400 × g for 15-20 min. Afterwards 20 μl supernatant was added with Griess 

reagent (1.0 ml) in cuvette and at 540 nm, change in color was determined. Griess 

reagent 1 ml was used as a blank in the spectrophotometer (Smart Spec TM 

Spectrophotometer). Standard curve of sodium nitrite was utilized for evaluation of 

nitrite concentration in living tissues. 

3.15.7.4.13 Lipid peroxidation assay (TBARS/LPO)   

Protocol of Iqbal et al. was adopted with slight modifications for the 

assessment of lipid peroxidation (Iqbal et al., 2005). The reaction mixture consists of 

0.1 M phosphate buffer of 290 μl (pH 7.4), 100 mM ferric chloride (10 μl), 100 mM 

ascorbic acid (100 μl), and 100 μl of homogenized sample. For 1 hr incubation of the 

solution was done in shaking water bath at 37 °C. 10% trichloroacetic acid (500 μl) 

was added to inhibit the reaction. At that point 0.67% thiobarbituric acid (500 μl) was 

poured and the reaction tubes were stayed for 20 min in the water bath. After that the 

tubes were placed in crushed ice bath for 5 min and centrifugation was done at 2500 × 

g for 12-15 min. By spectrophotometer absorbance was calculated at 535 nm counter 

to a reagent blank. By exploiting the molar extinction coefficient of 1.56 ×10
5
 M

-1
cm

-
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1
, outcomes were estimated as nM of TBARS generates per min per mg tissue at a 

temperature of 37 ºC. 

 Bioassay guided fractionation and isolation of lead compound A. 3.16

hydaspica 

In order to isolate active compounds from A. hydaspica, a bioassay-guided 

fractionation method was employed. It involves multiple step fractionations using 

analytical chemistry techniques such as thin layer chromatography and column 

chromatography to separate compounds of interest. At each step the isolated fractions 

or pure compounds were tested in bioassay for activity before identifying candidate 

leads. 

 The ethyl-acetate (AHE) and butanol (AHB) fractions were the most active 

fractions in various in vitro bioassays and AHE was also tested in vivo in rats and 

shown to possess chemotherapeutic potential. Hence these two fractions of A. 

hydaspica were selected for bioassay guided isolation of active principle constituents. 

The scheme of fractionation and isolation is summarized in Figure 3.2. 

3.16.1.1  General procedure and reagents 

NMR data was exploited using CDD NMR instrument: Varian 600 MHz with 

Triple resonance HCN probe: for 1-D proton spectra and proton-detected experiments 

such as COSY, NOESY, and HMQC. Probe signal-to-noise specifications: 
1
H 1257:1 

and broadband switchable probe was used for 
13

C. Chemical shifts were given 

in δ value. The off-line data processing carried out on ACD/NMR processor 

(Advanced Chemistry Development, Inc). Mass spectrometer with both ESI and APCI 

spectra were obtained using Agilent Liquid chromatography mass spectrometry (LC-

MS). Pre-coated silica gel 6O F254 plates (MERCK) were employed for the TLC; 

spots were visualized by UV detection at 254 and 365 nm and Vanillin-HCL reagent 

followed by heating. Semi-prep-HPLC was conducted employing a agilent1260 

affinity LC system UV array detection system using a semi-preparative column 

(Vision HT
Tm 

classic; 10 μm, 250 × 10 mm), mobile phase (Acetonitrile: Methanol) 

flow rate at 3 ml/min, UV absorbance spectra was monitored from 200-400 nm 

absorbance. Flash liquid chromatography was carried on Combi-flash Teledyn ISCO 

(using Redisep column 40g silica, mobile phase Dichloromethane: Methanol (DCM: 

MeOH), flow rate 15 ml/min) with an ISCO fraction gatherer.  230–400 mesh silica 
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gel (Davisil, W.R. Grace) was employed for vacuum liquid chromatography (VLC) or 

open-column chromatography. All chemicals were purchased from sigma chemicals. 

HPLC standard solvents were consumed for all the separation process. Purification of 

water was done by Milli-Q plus system (Millipore, Milford, MA). 

 Bioassay guided fractionation of AHE  3.17

3.17.1  Vacuum liquid chromatography 

Ethyl-acetate acetate fraction (AHE) was fractionated by using DCM: MeOH 

solvents as a mobile phase in order of increasing polarity, starting with 100% DCM 

(Dichloromethane) to 100% MeOH (Methanol) using Vacuum liquid 

chromatographic (VLC) separation. 10g of ethyl-acetate extract was dissolve in DCM, 

mixed with neutral acid wash (super cell NF) and dried down completely with rotary 

evaporator (Buchi Rotavapor 200). 3/4 volume of glass column was packed with 

silica gel (230-400 mesh) as a dry stationary phase and dried AHE sample was loaded 

over the silica layer. Column was eluted with 100 % DCM by using vacuum applied 

through vacuum line connected with the column (Pelletier et al., 1986). Fractions 

were collected at each polarity step. After VLC separation AHE was fractionated into 

12 fractions in the following ratios  of DCM:MeOH ; 10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 

4.5:5.5, 4:6, 3.5:6.5, 3:7, 2:8, 1:9, 0:10 (v/v).  

 The fractions were subjected to antioxidant (DPPH radical scavenging 

potential) antimicrobial and cytotoxic testing. For initial antioxidant testing of 

fractions DPPH radical quenching test was selected, the protocol of DPPH assay is 

described in earlier section of antioxidant testing. Micro broth dilution assay was 

selected for antimicrobial activity testing while Aqueous one cell proliferation assay 

was use to analyze the cytotoxic potential of fractions against breast and prostate 

cancer cell lines (human). The detailed protocol of microbroth dilution assay and 

cytotoxic assay is described in later sections. 

 VLC-AHE/F4-F6 fractions eluted with mobile phase of 7: 3 to 5: 5 (DCM: 

MeOH) were the most active fractions hence mingled together and subjected to flash 

chromatography for further bioactivity targeted purification of active compounds. 

3.17.2 Flash liquid chromatography (FC) 

An amount of 4 g of VLC-AHE/F4-F6 fractions were combined using 

methanol and mixed in neutral acid wash standard super cell NF and dried down 
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completely by rotary evaporator. Dried sample was loaded on Redisep Column 

(RediSep® Normal-phase Silica Flash Column, 69-2203-340, TELEDYNE ISCO).  

Run notes are as follow; 

 Redisep Column: 40 g silica, Loading type: Solid, Flow Rate: 15 ml/min, 

Solvent A: Dichloromethane (DCM), Solvent B: Methanol (MeOH), Equilibration 

Volume: 48.0 ml, Initial waste 0.0 ml, Air Purge 1.0 min, Peak width 2 min , Peak 

Tube volume: 5.0 ml , Non-Peak Tube Volume: 15 ml. The spectrum was monitored 

at all wavelengths (200 nm - 780 nm), wavelength 1 (red): 205 nm, wavelength 2 

(purple): 254 nm all wavelengths (orange 200-780 nm), Thresh hold 0.02 AU. Total 

run time: 89.2 min. Step gradient of 0% B (0-5 min), 5.3 % B (5-8.5 min), 7.4 % B 

(8.6-20 min), 10.3 % B (21-43.5 min), 16.3 % (44-56.5 min) 26 % B (57-69 min), up 

to 59 % B (70-78 min) 60% B (79-82 mins) and up to 100 % B for washing. This 

pattern of step gradient was obtained by holding the mobile phase to the same 

gradient of solvent mixture at which peak start to appear, until the whole peak become 

eluted. 146 fractions collected with FC were pooled into 12 fractions on the basis of 

their similar TLC (95:5 Methanol: chloroform) pattern (observed under UV detection 

at 254 and 365 nm and staining with Vanillin-HCL reagent) and chromatogram 

spectral peak appearance. These 12 fractions were submitted for bioactivity testing. 

Out of these 12 fractions, ISCO-AHE/F3, F5 and F7 showed promising results in 

antioxidant and cytotoxicity assays while ISCO-AHE/F3 also showed promising 

antimicrobial potential against various tested strains. These fractions were dried and 

prepare for NMR studies as described later on. 
1
HNMR and 

13
C NMR analysis of 

fractions reveals that these are pure compounds C1, C2 and C4. The purity of these 

isolated compounds is further tested by HPLC. 

3.17.3 HPLC-DAD Screening 

Chromatographic analysis was carried out to check the purity of isolated 

compounds by employing HPLC-DAD (Agilent USA) equipped with Grace Vision ht 

C18 column (Agilent USA) analytical column. Compounds stock solutions were 

made in methanol at 0.5 mg/ml of concentration. Samples were filtered through 0.45 

𝜇m membrane filter. Briefly, mobile phase A was H2O (Cleansed by a Milli-Q Water 

Purification system (Millipore, MA, USA) and mobile phase B was acetonitrile. A 

gradient of time 0 min-5 min (isocratic run) for 85% A in 15% B, 50-25 min for 15 to 

http://www.isco.com/products/products3.asp?PL=101201010
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100%  B, followed by an isocratic 100%  B till 30 min of run. The flow rate was 1 

ml/min and injection volume was 20 µl. All the test mixtures were scrutinized at 220, 

254, 280, 330, and 360 nm wavelengths. Each time column was revamped for 10 min 

prior to the subsequent run. The whole chromatographic tasks were accomplised at 

ambient temperature. 

 Bioassay guided isolation of lead compounds from AHB 3.18

3.18.1 Vacuum liquid chromatography 

15 g of AHB was fractionated by VLC over reverse phase C18 (LiChroprep 

C18) using gradient elution with polar to nonpolar solvent (dH2O:MeOH), starting 

with 100% dH2O and ends with 100% DCM. Fractions were collected at each polarity 

gradient to yield 10 fractions (VLC-AHB/F1-F10). Fractions were dried using rotary 

evaporator. Similar to AHE fractions, these fractions were tested for antioxidant, 

antimicrobial and cytotoxic activity, the active fraction VLC-AHB/F1 was afterwards 

refined by Sephadex LH 20 column chromatography. 

3.18.2 Sephadex LH 20 column chromatography  

The VLC-AHB/F1 (1.5g) was chromatographed on Sephadex LH-20 (3 cm × 

120 cm) using MeOH as eluent. Volume of each fraction collected was set to 500 ml 

and 20 fractions were collected. Fractions were then combined on the basis of similar 

TLC (95:5 Methanol: chloroform) pattern (observed underneath UV light of 254 nm 

and 365 nm wavelengths, or staining with Vanillin-HCL reagent) and got eight 

fractions (Sp-AHB/F1-F8). These eight fractions were submitted for bioactivity 

screening and fraction “Sp-AHB/F4” was shown to be the most potent fraction. 
1
H 

NMR and HPLC analysis of indicated that Sp-AHB/F4 needed further purification. 

Sp-AHB/F4 fraction was further purified by semi prep RP- HPLC. 

3.18.3 Semi-preparative Reverse phase High performance liquid 

chromatography  

Semi-prep RP-HPLC was conducted on Agilent HPLC 1260 series using 

Grace Vision HT C18 column (10 μm; 10 × 250 mm, USA). The fractions were eluted 

using mobile phase A: H2O (purified by a Milli-Q Water Purification system 

(Millipore, MA, USA) and mobile phase B: acetonitrile. Method: 0 min-5 min; 15% B 

in 85% A (isocratic run), 5-25 min; up to70% B in 30% A, 25-27 min; up to 100% B, 
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27.1-32 min; 15% B in 85% A (isocratic run). The flow rate was 3 ml/min and 

injection volume was 50 𝜇L. The spectrum was monitored at λ 220, 254, 280 and 

330nm. The Fractions were pooled on the basis of chromatogram peaks into10 

fractions (RP-HPLC-AHB/F1-F10) eluted at different retention times with different 

pattern of UV absorption. These 10 fractions collected by Semi-prep RP-HPLC were 

tested for antioxidant, antibacterial and cytotoxic activities. RP-HPLC-AHB/F5 

showed most promising results. Analytical HPLC and 1 H NMR indicates that this is 

the pure compound. 2D NMR of RP-HPLC-AHB/F5 indicated that this is compound 

C3. 

 Nuclear magnetic resonance spectroscopy (NMR) 3.19

1
H and 

13
C-NMR spectrum for each compound was acquired on a CDD NMR 

instrument: Varian 600 MHz (1H and 13C frequencies of 599.664 and 150.785 MHz, 

respectively) at 25
o
C. Spectra of all compounds were obtained in Methanol-d4 and 

DMSO-d6, typically 3–10 mg in 0.4 ml. Broad-spectrum 1D and 2D Fourier 

transform methods were exploited as per crucial to achieve unambiguous signal 

assignments and structure proofs for all compounds individually. Additionally 2D 

shift-correlation analysis (H-H COSY with long-range connectivity’s; C-H correlation 

via 
J
CH), 

1
H-coupled 

13
C spectra and selective 

1
H-decoupling were employed 

extensively to determine long range 
J
CH coupling constants and to allocate all 

quaternary carbons unequivocally (DEPT). When required, stereo-chemical 

assignments were made with ROESY and 2D NOESY experiments. In DEPT study of 

resolution enhanced spectra (Peak picking, integration, and multiplet investigation) 

was executed on Varian NMR and ACD/ NMR processor Academic Edition software. 

1
H and 

13 
C chemical shifts were described in ppm comparative to DMSO-d6 (δ 2.5 

and δ 39.5 for 
1
H and 

13
C respectively) , CD3OD (δ 3.31, 4.78 for 

1
H and δ 49.2 for 

13
C) or inner Me4Si standard (TMS, δ =0.0).The NMR spectra and chemical shifts of 

isolated compounds are matched with published data. 

 Mass spectroscopy 3.20

A very little amount of compound sample was dissolved in methanol for MS 

analysis. Low resolution ESI-MS of isolated compounds were obtained utilizing 

Liquid chromatography mass spectrometry (LC-MS) (Agilent system). 
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Figure 3.2: Scheme of Bioassay guided fractionation and isolation of active 

compounds from A. hydaspica.  
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 Bioassays selected for bioassay guided isolation of lead compounds 3.21

3.21.1 Antioxidant testing of isolated fractions  

During a multistep process of bioassay guided isolation of lead compounds, 

testing of antioxidant potential of fractions was performed using DPPH radical 

scavenging assay according to the protocol described in earlier section of material and 

methods 

3.21.2 Antimicrobial screening of isolated fractions 

Antimicrobial screening of fractions obtained at each isolation step was 

performed by broth dilution protocol based on the NCCLS (National Committee for 

Clinical Laboratory Standards) procedures for antimicrobial vulnerability testing, 14
th 

informational suppl, NCCLS; M100-S14: 2004, Wayne, PA. 

The antimicrobial activity isolates was checked against 7 bacterial, 4 fungal strains. 

Bacterial strains selected for bioactivity testing were S. aureus (ATCC 43300), E. 

faecalis (ATCC 51299), B. subtilis (ATCC 6633), E. coli (ATCC 25922), P. 

aeruginosa (ATCC 27853), K. pneumoniae (ATCC 13883), A. baumannii (ATCC 

19606) while selected strains from kingdom fungi were C. albicans (ATCC 10231), 

C. neoformans (ATCC 66031), F. solani (ATCC 0300) and A. niger (ATCC 0198). 

(b). Sample preparation 

Sample was dried completely and 10 mg/ml stock of each isolate was prepared in 

DMSO. Serial dilutions were prepared from this stock to get the MIC values of active 

isolates. Initial screening of antimicrobial activity was performed using 200 µg/ml 

concentration of each isolate.   

 (c). Media for microbial culture 

Acinetobacter baumannii Nutrient 

B. subtilis Nutrient 

Klebsiella pneumoniae subsp. 

Pneumonia 

Nutrient 

Enterococcus faecalis (VRE) Brain Heart Infusion 

Escherichia coli Trypticase Soy 

Pseudomonas aeruginosa Trypticase Soy 

Staphylococcus aureus subsp. Trypticase Soy 
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aureus (MRSA) 

Candida albicans YM 

Cryptococcus neoformans Sabourand Dextrose 

Aspergillus niger Sabourand Dextrose 

Fusarium solani Sabourand Dextrose 

(d). Procedure  

1. Bacteria and fungi were grown for overnight in 15 ml tubes with shaking 

(225RPM) at the optimal growth temperature for each organism. 

2. Overnight cultures were mixed with fresh medium for dilution to get an OD of 

0.03-0.06 and then diluted again by 10. 

3. The diluted culture was added to the 96 well microtiter plates. (195.0µL of culture 

dilution per well) 

4. Sample were made in DMSO and pipetted to the wells at a concentration of 2.5% 

of the well volume. (5.0 µL of the sample per well) 

5. The plates were paraflimed to prevent evaporation. 

6. The plates were incubated overnight (12-18 hours) at the test organism's optimal 

growth temperature. (Cryptococcus neoformans requires a longer incubation typically 

24-48 hours) 

7. The plates were analyzed by recording the optical density at 600 nm. 

8. Data was analyzed using a blank subtraction. 

3.21.3 Cytotoxic activity screening of isolated fractions 

3.21.3.1 Sample preparation 

An amount of 10 mg/ ml stock of each isolate was prepared in DMSO and 

serial dilutions were prepared in respective growth media. 

3.21.3.2 Cell culture  

The prostate cancer cell line PC-3 was purchased from American Type 

Culture Collection (Human, ATCC®, CRL1435™, Manassas, VA) and the breast 

cancer cell line MDA-MB-231(Human) was obtained from David Potter (University 

of Minnesota). The MDA-MB-231 cell line was authenticated by STR profiling 

(IDEXX BioResearch). PC-3 cells were grown in RPMI (1640, Invitrogen). MDA-

MB-231 was grown in Dulbecco’s Modified Eagle’s Medium (DMEM)/F12 nutrient 

media (Hyclone, Thermo scientific). Media were supplemented with 1% 



Chapter 3                                                                                      Material and Methods 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            100 

 

penicillin/streptomycin, 10% fetal bovine serum, and 2 mM L-glutamine. Cells were 

cultured in a humidified atmosphere with 5% CO2 at 37
o
C.  Cells in exponential 

growth phase (approximately 70–80% confluence) were used for the 

experimentations.  

3.21.3.3 Cell viability assay 

CellTiter 96
®
 Aqueous One test was employed for viability analysisaccording 

toe the protocol previously explained by Qaiser et al. (Qaiser et al., 2014). Concisely, 

MDA-MB-231 cells were seeded 96-well plates (1.5 × 10
4 

cells/well) and allowed to 

attach overnight. Seeding density for PC-3 cells was 2.5×10
4
 cells per well. Cells 

were treated for 48 h with various concentrations of partitioned fractions to get the 

IC50 values. Controls included both untreated and DMSO treated cells. Aqueous one 

assay solution 20 µl diluted in appropriate complete media to ultimate volume of 100 

µl was added in each well and incubated at 37 °C for 3 h. Absorbance was monitered 

at 490 nm and 700 nm using microplate ELISA reader SPECTRA max M5 

(Molecular devices, USA). Absorbance numbers of media containing wells were 

subtracted from test sample values.  

 

Cell viability = [
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒−𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝐷𝑀𝑆𝑂−𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
] × 100 

 Antioxidant screening of compounds isolated from A. hydaspica  3.22

An amount of 10 mM stock solution of each compound and positive controls 

[Butylated hydroxytoluene (BHT), Ascorbic acid and Gallic acid] were prepared in 1 

ml of solvent according to the assay protocol. These solutions were further diluted to 

get various (0-100µM) concentrations of each compound. Positive control varied 

according to assay requirement. 

3.22.1 DPPH radical quenching potential 

The DPPH assay was done according to the method previously describe with 

slight modifications (Brand-Williams et al., 1995). 

3.22.2 Hydroxyl radical quenching potential 

2-deoxyribose method of Halliwell et al. was used to determine the hydroxyl 

radical-scavenging activity of compounds  (Gutteridge and Halliwell, 2000). 
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3.22.3 Nitric oxide radical quenching potential 

Nitric oxide quenching ability of isolated compounds was estimated by 

previously described protocol (Rao, 1997). Nitric oxide was produce using sodium-

nitroprusside employing the Greiss reaction. 250 µl of different concentrations (0-100 

µM) of compounds were mixed with 250 µl of sodium-nitroprusside (10 mM in PBS) 

and incubated in dark for 3 h at 30
o
C. Next 250 µl of Greiss reagent A (1% 

sulphanilamide in 5% phosphoric acid) was poured and retained for 10 min at 30
o
C. 

Afterwards, 250 µl of Greiss reagent B (0.1% N 1-naphthylethylenediamine di-

hydrochloride) was dispensed and hang on for 20 min again for incubation. The 

diazotization of nitrite with sulphanilamide and later coupling with naphthyl-

ethylenediamine outcomes in chromophore formation whose absorbance was noted at 

546 nm. The reaction solution without extract was consumed as control. 

 

Inhibition % =[1 −
sample absorbance

control absorbance 
]×100 

Rutin was used as a standard reference. 

3.22.4 Total antioxidant capacity (TAC) (Phosphomolybdate assay) 

TAC determination of isolated compounds was done by previously established 

protocol (Umamaheswari and Chatterjee, 2008). 

3.22.5 Ferric reducing antioxidant potency (FRAP)  

Procedure of Benzei and Strain with minor modifications was implemented to 

estimate the  ferric reducing aptitude of  compounds isolated from A. hydaspica 

(Benzie and Strain, 1996). Ferric-TPTZ reagent  (FRAP) was attained by dissolving 

together 300 mM acetate buffer (pH 3.6), 10 mM TPTZ (made in 40 mM HCl) and 20 

mM FeCl3.6H2O at a proportion of 10:1:1 (v/v/v). Compounds or reference were 

permitted to react with FRAP reagent in the absence of light for 30 min. In order to 

calculate FRAP values (µM Fe (II)/g) for compounds, linear regression equation for 

standard (FeSO4.7H2O) was plotted. Linear standard curve was obtained for 100-

1000µM FeSO4. Results were articulated as µM (Fe (II)/g) dry mass. 

 Anticancer activity of compounds isolated from A. hydaspica  3.23

Two cancer cell lines of human origin; PC-3 (prostate cancer cell line) and the 

MDA-MB-231(breast cancer cell line) were chosen for initial cytotoxic activity 



Chapter 3                                                                                      Material and Methods 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            102 

 

during bioassay guided isolation of lead compounds from A. hydaspica. In order to 

get insight into the mechanism of cell death and apoptosis, the isolated active 

compounds from A. hydaspica were tested against both cells lines for analysis of 

various pathways regulating cell survival in cancer cells.   

3.23.1 Cell viability assay 

Time course investigations were accomplised subsequent to the treatment of 

PC-3 cells with various concentrations (0-100 µM) of GC (C1), C (C2), CG (C3) and 

MG (C4) in a complete respective media for a period of 24 h, 48 h, and 72 h. For 

experiments with MDA-MB-231 cells various concentrations (0-50 µM) of CG and 

MG were tested for 24 h and 48 h. TBB was used a positive control. CellTiter 96
®
 

Aqueous One assay was performed for cell viability analysis as described in previous 

section (Qaiser et al., 2014).  

3.23.2 Analysis of cellular morphological alterations 

Analysis of cellular morphological alteration was performed, before 

processing the cells for western blot analysis. At the end of each incubation period (24 

h and 48 h), plates were observed by phase contrast microscope (Zeiss Axiovert). 

3.23.3 Apoptosis detection by fluorescence microscopy  

Florescent staining was performed to study the effect of A. hydaspica 

compounds (AHCs) on cellular morphology. MDA-MB-231 cells were allowed to 

attach for 24 h to Poly-D-lysine coated cover slips, whereas PC-3 cells were seeded 

onto Matrigel coated cover slips. Cells at 70% confluence were treated as described 

below. 

3.23.3.1 Nuclear morphological analysis by DAPI  

After treatment of both PC-3 cells and MDA-MB-231 cells with active AHCs 

for 48 h, the monolayer of cells was washed with PBS and fixed with 4% para-

formaldehyde (PF) for 10 min at room temperature. Cells were rinsed with PBS and 

incubated with Slow Fade Gold containing DAPI (Molecular Probes) protected from 

light for 10 min. The cover slips were sealed onto slides with nail polish and stored at 

-20 until image collection by florescence microscopy. 
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3.23.3.2 Acridine orange (AO)/ethidium bromide (EB) dual staining 

PC-3 and MDA-MB-231 cells were treated with active AHCs for 48 h. Cells 

were stained with AO/EB (4 µg/ml) for 5 min and images were immediately collected 

by florescence microscopy. 

3.23.3.3 Propidium iodide (PI) staining 

Following the treatment of PC-3 and MDA-MB-231 cells for 48 h, media was 

removed from the cells, PI staining solution was added (5 µg/ml), and cells were 

incubated at 37 
o
C for 15 min. Cells were rinsed with PBS and images were 

immediately collected by florescence microscopy. 

3.23.4 Clonogenic survival assay 

PC-3 cells and MDA-MB-231 cells were collected subsequently to treatments 

with active AHCs for 48 h. Cells were suspended in fresh medium, cell number was 

determined, and 500 cells (MDA-MB-231) or 1000 cells (PC-3) were plated in 

triplicate into 35 mm cell culture dishes. After 7 days in culture, colonies were stained 

with crystal violet as described (Qaiser et al., 2014). Cell colonies were counted under 

dark field using a cubic colony counter (AO scientific). The number of cells in each 

colony was determined by phase contrast microscopy, and colony sizes were 

measured on images using Adobe Photoshop software. Data was presented as colony 

number in AHC treatment groups relative to untreated control. Data were expressed 

as mean ± SEM of three seperate tests. 

3.23.5 Western blot analysis 

SDS-page and western blot investigation were executed by previously 

described protocol with slight amendments (Trembley et al., 2011). Briefly, after 24 h 

and 48 h of treatments with AHCs at required doses, PC-3 and MDA-MB-231 cells 

were lysed in RIPA buffer augmented with freshly added protease and phosphatase 

inhibitor cocktail 1:100 (Santa Cruz, CA) and protein concentration was estimated by 

Bradford assay (Kruger, 1994). Same amount of proteins were loaded using 4-12% 

Tris-glycine gels (NOVAX life technologies, USA). Proteins were then relocated to 

nitrocellulose membrane (Millipore). Membranes were incubated in either 5% BSA 

(Sigma) or 5% nonfat dry milk (Bio-Rad, Cat. #170-6404) (depending on antibody 

instruction protocol) as blocking buffer for 1 h at room temperature. Blots were 

incubated with primary antibody overnight at 4
o
C. Immunoblotting was accomplised 
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using the subsequent antibodies: CK2α (A300-197A) and CK2α' (A300-199A) from 

Bethyl Laboratories; Stat 3 (#9139), phospho-Stat3 (Tyr 705, #9145), JAK2 (#3230), 

Akt (#2967), phosphoAkt (Ser473, #9271), phospho-Akt (Thr308, #9275), phospho-

IκB Ser32/36 (#9246), Bcl-xL (#2762), ERK1/2 (#9102), phosphor-ERK1/2 

(Thr202/Tyr204, #9101), xIAP (#2042), PI3K (#4292) from Cell Signaling 

Technology; Survivin (AF886) from R&D Systems; NFκB p65 (sc8008), phospho-

NFκB p65 Ser529 (sc101751), and actin (sc1616) from Santa Cruz Biotechnology. 

Membranes were rinsed thrice (15 min each) in Tris buffered saline containing 0.1% 

Tween 20 (TBS-T) before incubating with anti-rabbit or anti-goat secondary or HRP-

conjugated anti-mouse antibodies (depending on the primary antibody employed) for 

1 to 2 h at room temperature. Membranes were then bathed for 30 min with TBS-T, 

and HRP signal detected using super signal west Pico, Dura or Femto 

Chemiluminescence Reagent (Thermo scientific, USA). Quantification of protein 

bands was done by measuring band density using Image J software. The densities of 

the bands (normalized to actin) relative to that of the untreated control (designated as 

1.00) were presented as mean ± SEM of three separate experiments. 

 Data analysis 3.24

NMR spectra were analyzed by using ACD/NMR processors Academic Edition. 

Densitometry of western blot images was performed using an image analysis program 

(Image J 1.41; National Institutes of Health). Data of in vitro assays was analyzed 

GraphPad Prism 5 software to determined EC50, IC50 and LD50 values. Level of 

significance between different treatments groups relative to control were estimated by 

one way analysis of variance followed by Tukey’s multiple comparison test. 

Comparison between more than one parameter was accomplished using two ways 

analysis of variance (ANOVA) followed by Bonferroni multiple comparison test. p < 

0.05 was considered statistically significant. Where required correlation analysis was 

done and R values were calculated. 
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4                                             Results 

 Phytochemical assessment 4.1

In order to investigate the chemical constituents of A. hydaspica, aerial parts 

of plant were powdered and extracted with methanol and then sequentially partitioned 

with solvents of ascending polarity to acquire n-hexane (AHH), chloroform (AHC), 

ethyl acetate (AHE), n-butanol (AHB) and soluble aqueous portion (AHA). Methanol 

extract and its derived fractions were estimated for quantitative yield and defer to 

preliminary phytochemical screening for different classes of compounds. 

Furthermore, quantitative phytochemical screening of plant extract/fractions was 

performed for valuation of total flavonoid content (TFC) and total phenolic content 

(TPC). AHM, AHE and AHB were subjected to HPLC for the determination of eight 

different flavonoid and phenolic compounds. 

4.1.1 Extraction yield 

Acacia hydaspica crude methanol extract (AHM) yield was 15% of the dry 

powder, while yield of its derived fractions AHH, AHC, AHE, AHB and AHA was 

5.27%, 1.94%, 27.77%, 41.66% and 8.05% respectively of dry methanol extract. 

Depending on the nature of the solvent used for extraction; different yields of various 

fractions were recorded. AHB and AHE appear to be the best solvents for 

fractionation giving the maximum yield (Table 4.2).  

4.1.2 Qualitative phytochemical screening 

Table 4.1 illustrates the qualitative phytochemical examination of A. 

hydaspica methanol extract and its consequent fractions. Phytochemical screening 

tests are imperative for the inkling of different, novel and rare compounds earlier to 

the bulk extraction processes. Qualitative phytochemical screening of the 

extract/fractions of A. hydaspica revealed the presence of multiple polar and nonpolar 

chemical constituents. Tannins, steroids, flavonoid, saponins, cardiac glycosides and 

terpenoids were found to be present in the all the extract/fractions of A. hydaspica 

plant extract. Alkaloids were detected in all tested extracts except AHC. Coumarins 

were detected in AHM, AHE and AHA while absent in AHH, AHC and AHB. 

Phlobatannins did not make their presence in AHC and AHA. Presence of reducing 

sugars and anthraquinones was confirmed only in AHA and in AHM respectively. 
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4.1.3 Quantitative estimation of total phenolic and flavonoid content 

The profile of TPC and TFC in AHM and its derived fractions was determined 

by employing the standard calibration curve of gallic acid (R
2
=0.99) and rutin (R

2
= 

0.98) respectively (Figure 4.1). TPC varied widely, ranging from 34.5 ± 1.13 to 129.0 

± 2.98 mg gallic acid equivalent/g dry sample in the extract/fractions of A. hydaspica. 

AHB showed the highest TPC (129 ± 2.98
 
mg GAE/g dry sample) while AHC 

showed the minimum TPC (34.5 ± 1.13
 
mg GAE/g dry sample). The TPC and TFC 

was decreased in following order AHB > AHE > AHM > AHA > AHH > AHC 

(Table 4.2).  

Table 4.2 shows that TFC varied from 36.0 ± 0.95 to 139 ± 1.04 mg R 

equivalent/g of fraction/extract in different fractions of A. hydaspica. Maximum TFC 

was estimated in AHB (139 ± 1.04
 
mg RE/g dry sample) while AHC showed the 

lowest TFC (36.0 ± 0.95
 
mg RE/g dry sample). The TPC and TFC was decreased in 

order of AHB > AHE > AHM > AHA > AHH > AHC. So it is evident from the 

present data that AHB and AHE are the best solvents for fractioning polyphenol 

constituents due to their polarity index and the best solubility for the type of 

metabolites in A. hydaspica.  

4.1.4 GC-MS analysis of A. hydaspica 

Compound composition of A. hydaspica crude extract was investigated by 

GC-MS analysis. This technique was employed to get the fingerprint of plant 

secondary metabolites (volatile compounds). GC-MS chromatogram indicates the 

presence of different functional groups. In total, the chromatogram reveals the 

presence of 30 different chemical components eluted between 4.55-40.05 min (Figure 

4.2). The identification of chemical structures of unknown compounds was based on 

the comparison of their retention time, hit spectrum, SI and RSI values relative to 

known compounds spectrum stored in Wiley9 and mainlib libraries. The major 

chemical constituents identified in the plant extract according to their peak area 

percentages are 1,2-Benzenedicarboxylic acid, mono(2-ethylhexyl) ester (70.65%), α-

Amyrin (5.03%), Vitamin E (4.56%), Squalene (4%), 2,6-dimethyl-N-(2-methyl-à-

phenylbenzyl)aniline (2.51%), N,N'-Dicyclohexyl-1-cyano-7-pyrrolidinylperylene-

3,4:9,10-tetracarboxylic acid Bisimide (1.80%), 2-(4'-Nitro-3'-Thienyl) Pyrimidine 

(1.62%), Phytol acetate (1.28%), Phytol (1.16%), Cyclohexane,1,1,3-trimethyl-2,3-
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epoxy-2(3- methylcyclobuten-2-yl)-4-acetyloxy-(1.03 %) and other compounds with 

less percentage area were also identified (Table 4.3). The chemical structures of all 

identified compounds and their hit spectrums are included in the appendices section. 

4.1.5 HPLC-DAD analysis  

4.1.5.1 HPLC-DAD profile of Standards 

HPLC-DAD analysis is the best way for chemical profiling of plant extracts. 

Flavonoids and phenolic were recognized as major secondary constituents exhibiting 

antioxidant activities; therefore it was useful to quantify some of the important 

flavonoids in A. hydaspica extracts/fractions by performing HPLC-DAD analysis. 

Gallic acid, rutin catechin, caffeic acid, apigenin, myricetin, quercetin and kaempferol 

were used as reference markers to compare retention time and UV absorbance with 

test samples. Chromatograms showing peaks with different retention times as 

compared to standard reference compounds can be categorized as unknown flavonoid 

compounds depending on their chromatography behavior and spectra. Retention time, 

signal wavelength, linear range, regression analysis and correlation coefficient of 

various standards used are displayed in Table 4.4. Initially, each reference compound 

was run separately at four different wavelengths (257, 279, 325 and 368 λ). The 

wavelength displaying best resolution and quantification was selected for further 

analysis. Next a mixture comprising 200 µg/ml concentration of each reference 

compound was run to get one spectra for standard flavonoid mixture. Gallic acid and 

rutin showed best peak resolution at 257 λ, catechin at 279 λ, caffeic acid and 

apigenin at 325 λ, myricetin, quercitin and kaempferol at 368 λ. Retention times for 

gallic acid, rutin catechin, caffeic acid, apigenin, myricetin, quercetin and kaempferol 

were 4.355, 14.153, 8.385, 10.935, 22.86, 16.374, 19.304 and 22.029 respectively. 

Regression analysis and correlation coefficient (R
2
) were executed for each reference 

compound in order to estimate its quantity in AHM, AHE and AHB fractions of A. 

hydaspica (Figure 4.3, Table 4.4). HPLC chromatogram of standard flavonoids 

mixture is shown in Figure 4.4. 

4.1.5.2  HPLC-DAD profile of A. hydaspica  

HPLC-DAD analysis of A. hydaspica methanol extract (AHM), ethyl acetate 

fraction (AHE) and n-butanol fraction (AHB) is summarized in Table 4.5 and 

spectra’s are shown in Figures 4.5 to 4.7. Fingerprint chromatogram for AHM 
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revealed the presence of four reference compounds viz. gallic acid, rutin, catechin and 

caffeic acid.  The relative amounts of four phenolic compounds found in AHM are in 

order of catechin (558.91 µg/100 mg dry sample) > gallic acid (300.051 µg/100 mg 

dry sample) > rutin (235.38 µg/100 mg dry sample) > caffeic acid (137.43 µg/100 mg 

dry sample), respectively. HPLC-DAD chromatogram of AHE showed the presence 

of three reference compounds with maximum amount shown by catechin (8648 

µg/100 mg dry powder) followed by gallic acid (52.92 µg/100 mg dry powder) and 

myricetin (34.60 µg/100 mg dry powder). Whereas in AHB; two known compounds 

gallic acid (144.70 µg/100 mg dry powder) and catechin (3995.208 µg/100 mg dry 

powder) were detected by comparison with retention time and UV absorbance of 

purified standards. 

 Mineral analysis 4.2

The mineral composition revealed by atomic absorption (Table 4.6) indicates 

that A. hydaspica plant powder contains particular concentration of various macro and 

micro mineral elements. Atomic absorption analysis indicates that A. hydaspica 

possessed the highest concentration of macro-elements like calcium (77.14±0.02 

µg/100 mg), K (16.791±0.01 µg/100 mg), Na (13.04±0.05 µg/100 mg), Mg 

(6.532±0.03 µg/100 mg) and micro-minerals like Fe (4.91± 0.09 µg/100 mg), Zn 

(3.349±0.02 µg/100 mg), Mn (0.281±0.01 µg/100 mg), Pb (0.251±0.05 µg/100 mg), 

Ni (0.23±0.03 µg/100 mg), Cu (0.193±0.05 µg/100 mg), Co (0.117±0.02 µg/100 mg),  

Cr (0.103±0.01 µg/100 mg) and As (0.094±0.07 µg/100 mg) in plant powder 

respectively.  
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Table 4:1: Phytochemical constituents of A. hydaspica methanol extract and its 

fractions 

Compound Class                                       Samples 

AHM             AHH AHC AHE AHB AHA 

Tannins + + + + + + 

Steroids + + + + + + 

Saponins + + + + + + 

Alkaloids + + -  + + + 

Flavonoids + + + + + + 

Coumarins + -  -  + -  + 

Terpenoids + + + + + + 

Pholobatanins + + - + + - 

Reducing sugars - - - - - + 

Anthraquinones + -  -  - -  -  

Cardiac Glycosides + + + + + + 

Negative sign (-) indicate absence, positive sign (+) indicate presence. AHM; Acacia 

hydaspica methanol extract. AHH; Acacia hydaspica n-hexane fraction. AHC; Acacia 

hydaspica chloroform fractions. AHE; Acacia hydaspica ethyl acetate fraction. AHB; 

Acacia hydaspica n-butanol fraction. AHA; Acacia hydaspica soluble aqueous 

fraction. 

Table 4:2: Extraction yield from A. hydaspica methanol extract and its soluble 

fractions 

Extract/fraction Extraction yield 

(%) 

TPC (mg GAE  

/g dry sample) 

TFC (mg RE/g 

dry sample) 

AHM 15.73
e
 87.6±1.23

c
 127±0.52

c
 

AHH 5.46
d
 57.7±1.17

e
 71±0.86

a
 

AHE 27.77
b
 120.3±1.15

b
 129±1.32

b
 

AHC 1.94
f
 36.0±0.95

f
 34.5±1.13

d
 

AHB 41.66
a
 129 ±2.98

a
 139±1.04

a 

AHA 8.05
c
 73.3±1.53

d
 95±0.05

c
 

Value are expressed as mean ± SEM (n = 3); means with superscript with different 

letters in the columns are significantly (p < 0.05) different from each other. AHM; 

Acacia hydaspica methanol extract. AHH; Acacia hydaspica n-hexane fraction. AHC; 

Acacia hydaspica chloroform fractions. AHE; Acacia hydaspica ethyl acetate fraction. 

AHB; Acacia hydaspica n-butanol fraction. AHA; Acacia hydaspica soluble aqueous 

fraction. 
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Table 4.3: Chemical composition of A. hydaspica AHM extract analyzed by GCMS 

P# RT Compound Name  SI RSI Mol. 

formula 

Mol. 

weight 

% Area Nature  

1 4.55 1-[(1'-Hydroxyimino)ethyl] 

phenanthro[4,5-b,c,d]thiophene 

421  584 C16H11NOS 265 0.20 Heterocycle containing Sulfur 

2 6.53 2-(4'-Nitro-3'-Thienyl)Pyrimidine 377  623 C8H5N3O2S 207 1.62 Heterocycle containing 

Nitrogen 

3 6.93 5,5-Diethyl-1,2,5,8-tetrahydro-1,5-

azasilocine 

386  749 C8H15NSi 153 0.77 Heterocycle containing silicon 

4 9.38 Cyclohexasiloxane, Dodecamethyl 744  777 C12H36O6Si6 444 0.34 Heterocycle 

5 10.58 Hydratropamide, à-methyl- 520  643 C10H13NO 163 0.13 Amide 

6 11.11 3Z-3'S-gamma.-IRONE 795  887 C14H22O 206 0.32 Ketone 

7 12.29 Tetradecamethylcycloheptasiloxane 722  795 C14H42O7Si7 518 0.11 Heterocycle 

8 13.29 15-

methyltricyclo[6.5.2(13,14).0(7,15)] 

pentadeca-1,3,5,7,9,11,13-heptene 

857  943 C16H14 206 0.08  

9 15.78 Hexadecamethylcyclooctasiloxane 716  868 C16H48O8Si8 592 0.14 Heterocycle 

10 19.44 Acetamide, N-methyl-N-[4-(3-

hydroxypyrrolidinyl)-2-butynyl] 

416  433 C11H18N2 210 0.99 Amide(N,N-substituted) 

11 20.24 Phytol acetate 871  879 C22H42O2 338 1.28 Ester 

         



 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica R. Parker                                       111 
 

12 20.75 3,7,11,15-Tetramethyl-2-hexadecen-1-

ol 

676  794 C20H40O 296 0.23 Alcohol 

13 21.11 Neophytadiene 806  870 C20H38 278 0.37 Alkene 

14 22.07 8-Dodecen-1-Al 403  651 C12H22O 182 0.31 Aldehyde 

15 23.91 Methyl 2-Ethylhexyl Phthalate 468  800 C17H24O4 292 0.17 Ester 

16 24.70 Methyl cis-(2-methylthiopyrrolo[2,1-

a] 

isoquinolin-3-yl)-à-

methoxycarbonylacrylate 

442  609 C19H17NO4S 355 0.07 Ester 

17 25.52 2-Hexadecen-1-ol, 3,7,11,15-

tetramethyl-, 

[R-[R*,R*-(E)]]- (CAS) 

701  801 C20H40O 296 1.16 Alcohol 

18 27.31 7-(6-phenyl-n-hexyl)-3-

phenylpyrazolo[1,5-a]pyrimidine 

 

438  

 

884 

 

C24H25N3 

 

355 

 

0.07 

Heterocyclic 

19 28.59 α-Amyrin 660  972 C30H50O 426 5.03 Alcohol 

20 29.30 Trimethylsilyl Derivative Of 2-

Monoolein 

445  461 C27H56O4Si2 500 0.06 Ester 

21 30.51 N,N'-Dicyclohexyl-1-cyano-7-

pyrrolidinylperylene-3,4:9,1 

0-tetracarboxylic acid Bisimide 

883  883 C41H36N4O4 648 1.80 Carboxylic Acid 

22 31.66 1,2-Benzenedicarboxylic acid, 

mono(2-ethylhexyl) ester 

931  931 C16H22O4 278 70.65 Carboxylic acid 

23 32.75 Vitamin E 762  913 C29H50O2 430 4.54 Vitamin 

24 33.44 Stigmast-5-en-3-ol, (3á,24S)- (CAS) 325  341 C29H50O 414  0.50 Sterol 

25 34.98 2,6-dimethyl-N-(2-methyl-à-

phenylbenzyl) aniline 

506   550 C22H23N 301 2.51 Aniline 
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26 36.49 2,6,10,14,18,22-Tetracosahexaene, 

2,6,10,15,19,23-hexamethyl- (CAS) 

491  525 C30H50 410 4.00 Triterpene 

27 37.42 Cyclohexane,1,1,3-trimethyl-2,3-

epoxy-2-(3-methylcyclobuten-2-yl-1)-

4-acetyloxy- 

414  485 C16H24O3 264 1.03 Oxirane 

28 38.31 Lucenin 2 371  379 C27H30O16 610 0.22 Heterocycle 

29 38.97 3H-Cycloprop(1,2)androsta-1,4,6-

trien-3-one,1'-carboethoxy-1'-cyano-

1á2á-dihydro-17á-hydroxy- 

324  336 C24H29NO4 395 0.73 Steroids 

30 40.05 Cyclohexane, 1,1',1'',1'''-(1,6-

hexanediylidene)tetrakis-(CAS) 

345  359 C30H54 414 0.61 Alkane 

P-Peak, RT-Retension time, SI-Search index, RSI-Reverse search index  
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Table 4:4: Retention time, optimized signal wavelength, and regression analysis of 

reference flavonoids determined by HPLC-DAD analysis 

Compound Signal  

Wavelength 

Retention 

time (min) 

Regression analysis R
2
 

Gallic acid  257 4.351  y  = 3.0565x + 8.01  0.9998 

Rutin 257 15.912  y=1.7773x - 48.495 0.9958 

Catechin 279 9.697 y = 1.1764x + 7.965 0.989 

Caffeic acid 325 11.666 y = 12.569x + 22.66 0.9905 

Apigenin 325 23.528 y = 12.95x - 52.12 0.9957 

Myricetin 368 18.715 y = 2.56x - 15.09 0.9994 

Kaempherol 368 23.588 y = 10.967x + 125.59 0.9964 

Quercetin 368 21.312 y = 4.8624x + 35.01 0.9993 

 

Table 4:5: HPLC-DAD profile of A. hydaspica methanol extract and its derived ethyl 

acetate and n-butanol fractions 

Extract 

/fractio

n 

Compound

s 

Signal 

wavelength                        

Retentio

n  time  

Quantity 

(μg/100 mg  dry powder) 

AHM Gallic acid                                257nm 4.369 300.05 

 Catechin                                         279nm 9.363 558.91 

 Rutin 257nm 15.91 235.38 

 Caffeic acid       325nm 11.66 137.43 

AHB Gallic acid  257nm 4.413 144.70 

 Catechin 279nm 10.547 3995.21 

AHE Gallic acid  275nm 4.516 52.92 

 Catechin 279nm 11.427 8648.0 

 Myricetin 368nm 17.082 34.60 
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Table 4:6: Essential mineral element concentration of A. hydaspica plant powder by 

atomic absorption spectrometry (AAS)   

Concentration (µg/ 100 mg dry weight) 

Macroelements  Trace or microelements  

Calcium (Ca)      7 7.14±0.02 Iron (Fe)                                                 4.91± 0.09 

Potassium (K) 16.79±0.01   Zinc (Zn)                                                   3.349±0.02 

Sodium (Na) 13.04±0.05 Manganese (Mn)                                        0.281±0.01 

Magnesium (Mg) 6.53±0.03 Nickel (Ni)                                                   0.23±0.03 

  Copper (Cu)                                                0.193±0.05 

  Cobalt (Co)                                                 0.117±0.02 

  Chromium (Cr)                                           0.103±0.01 

  Lead (Pb)                                                    0.101±0.05 

  Arsenic (As)                                                0.054±0.07 

Each value is represented as mean±SEM (n=3) 
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Figure 4.1: Regression line with gallic acid and TPC (A), Regression line with rutin 

and TFC (B). 

 

      

  Figure 4.2: GC Chromatogram of A. hydaspica crude methanol extract (AHM).       
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Figure 4.3: Regression analysis graphs of reference flavonoids. Values on X-axis 

represent concentration in µg/ml while Y-axis represents the peak area. 
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Figure 4.4: HPLC-DAD profile of standard reference compounds at selected 

wavelengths. Signal 1:257λ, Signal 2:279λ, Signal 3:325λ, Signal 4:325λ, Signal 4: 

368λ. 
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Figure 4.5: HPLC-DAD profile of A. hydaspica methanol extract (AHM) at selected 

wavelengths. Signal 1:257λ, Signal 2:279λ, Signal 3:325λ, Signal 4:325λ, Signal 4: 

368λ. 
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Figure 4.6: HPLC-DAD profile of A. hydaspica ethyl acetate fraction (AHE) at 

selected wavelengths. Signal 1:257λ, Signal 2:279λ, Signal 3:325λ, Signal 4:325λ, 

Signal 4: 368λ. 
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Figure 4.7: HPLC-DAD profile of A. hydaspica n-butanol fraction (AHB) at selected 

wavelengths. Signal 1:257λ, Signal 2:279λ, Signal 3:325λ, Signal 4:325λ, Signal 4: 

368λ. 
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 In vitro bioactivity analysis 4.3

Various in vitro biological and chemical tests were executed in order to assess 

the bioactivity of A. hydaspica. Antioxidant, antimicrobial, anti-hemolytic, brine 

shrimp lethality test and cytotoxicity analysis using human cancer and non-cancer cell 

lines provide a guide for the selection of active fractions from A. hydaspica for 

isolation of active compounds. 

4.3.1 Antioxidant activity assessment 

Various antioxidant tests were executed to evaluate the antioxidant potential of 

plant extract and its derived fractions and observations recorded are given bellow. 

Figure 4.8 illustrates the antioxidant activity of A. hydaspica methanol extract and its 

derived fractions against various oxidant systems. 

4.3.1.1 DPPH radical scavenging activity 

DPPH radical quenching activity of A. hydaspica methanol extract and its 

derived fractions in terms of EC50 values of are given in Table 4.7. The EC50 values in 

DPPH assay range from 16.7 ± 0.43 to 65 ± 0.36 µg/ml. AHB and AHE showed the 

best EC50 values (16.7 ± 0.43 µg/ml and 18.0 ± 0.45µg/ml respectively), comparable 

to EC50 of reference compound (Ascorbic acid). The overall activity followed the 

sequence AHB ~ AHE ~ AHM > AHA > AHH > AHC. The observed anti-radical 

activity would be attributed to the highest amount of phenolic and flavonoids in these 

fractions. Correlation analysis indicated that DPPH radical quenching activity of 

extract and its various fractions showed good correlation with TPC (R
2
=0.9879) and 

TFC (R
2
=0.8477) (Table 4.8). 

4.3.1.2 Superoxide radical scavenging activity 

Despite the fact that superoxide anion is a feeble oxidant, it contributes to the 

generation of influential and perilous hydroxyl radicals in addition to singlet oxygen, 

both of these outcomes in oxidative trauma. Therefore, it is very vital to examine the 

quenching ability of samples for superoxide anions. The EC50 values in superoxide 

quenching test were in the order of AHE < AHM < AHA < AHB < AHH < AHC. 

When compared to ascorbic acid, the superoxide quenching potency of the AHE was 

found to be statistically similar (Table 4.7). A significant correlation was observed 

with TPC (R
2
=0.7909, p < 0.05), while a non-significant (R

2
= 0.641, p > 0.05) with 

TFC indicated that the observed activity is attributed to the amount of phenolics 
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(Table 4.8). This strong superoxide radical neutralizing capacity of A. hydaspica 

might be function therapeutically against oxidative stress. 

4.3.1.3 Hydroxyl radical scavenging activity 

The indication of •OH radical quenching efficacy by A. hydaspica extract and 

its fractions was gained by measuring the impediment of the 2-deoxyribose 

degradation, which was prompted by the free radicals generated during Fenton 

reaction. Crude methanol extract and derived fractions significantly scavenged OH 

radicals and prevented the degradation of 2-deoxyribose. A dose dependent mode was 

observed for hydroxyl radical scavenging activity. The lower EC50 values were shown 

by AHB, AHE and AHM (36.0 ± 0.16 µg/ml, 37.7 ± 0.40 µg/ml and 40.0 ± 0.44 

µg/ml respectively). EC50 values were significantly different from standard gallic acid 

but so near to be comparable (Table 4.7). A significant correlation was observed with 

TPC (R
2
 = 0.844, p < 0.01) and TFC (R

2 
= 0.776, p < 0.05) (Table 4.8). The absolute 

antioxidant potency of AHB and AHE could be exploited as a resource of natural 

antioxidant for curtailing the unfavorable consequences of hydroxyl radical in the 

body during oxidative trauma. 

4.3.1.4 Hydrogen peroxide radical scavenging activity 

In the body, H2O2 is promptly decomposed into oxygen and water and this 

process results in the production of hydroxyl radicals (•OH); that own ability to 

trigger lipid peroxidation and persuades DNA damage. Therefore, the aptitude of 

plant extracts to quench hydrogen peroxide was also determined in order to get the 

idea that whether the samples have same pattern of activity as exhibited in •OH 

radical assay. AHE proved to be efficient fraction against hydrogen peroxide 

(EC50=37.2 ± 0.36 µg/ml), indicating highly remarkable correlation with TPC (R
2
 = 

0.97, p < 0.001) and TFC (R
2
 = 0.822, p < 0.05). This shows that overall activity 

might be attributed to the significant amount of polyphenols that could donate 

electrons to hydrogen peroxide, thereby neutralizing it into water. 

4.3.1.5 ABTS radical scavenging assay 

The result showed that A. hydaspica methanol extract and its different 

fractions quench the ABTS radicals in a dose dependent pattern. Preeminent poetncy 

against ABTS radical was presented by AHB (98.0 ± 0.1 µg/ml) while lowest potency 

was displayed by AHC (> 500 ± 0.26 µg/ml) as shown in Table 4.7. EC50 of AHB 
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was significantly lower than ascorbic acid (61 ± 0.2 µg/ml). Significant correlation 

(R
2 

= 0.881, p < 0.001) was observed between ABTS radical scavenging activity and 

TPC as well as TFC (R
2 

= 0.857, p < 0.001) (Table 4.8). The ABTS scavenging 

activity of the present study suggested that the component within the extract and 

various fractions of A. hydaspica were competent for electron/hydrogen donation and 

should be adept for obstructing oxidative stress.  

4.3.1.6 Chelating activity on Fe2+  

An imperative mechanism of antioxidant efficacy is the ability to chelate/ 

counteract transition metals, which have the ability to demolish hydroperoxides and 

Fenton-Type reactions. Chelating agents might act as secondary antioxidants because 

of their ability to lessen the redox potential for stabilizing the oxidized form of the 

metal ions. Therefore it was considered important to screen the iron (II) chelating 

ability of extracts. The sequence for chelating power was AHB ≥ AHE ≥ AHM > 

AHH > AHA > AHC fraction. The EC50 value of AHB, AHE and AHM are close to 

the EC50 value of standard catechin (Table 4.7). Results indicated that the chelating 

activity was correlated well with the phenolic (R
2
 = 0.8971, p < 0.001) and flavonoid 

content (R
2
 = 0.8177, p < 0.05), hence it was suggested that the iron (II) chelating 

properties of these fractions may be credited to their endogenous chelating agents like 

phenolic and flavonoids which have properly oriented functional groups that chelate 

metal ions to protect against oxidative damage. 

4.3.1.7 β-Carotene bleaching inhibition  

Table 4.7 indicates β-Carotene bleaching inhibition potential of A. hydaspica 

extract and its consequent fractions. The antioxidant activity of A. hydaspica 

extract/fractions with regard to the β-carotene bleaching method can be ranked as 

AHE > AHB > AHM > AHA > AHH > AHC fraction. The EC50 value of AHE 

(48.4±0.55 µg/ml) was comparable yet significantly different from standard catechin 

(EC50 = 40.4±1.01 µg/ml). The efficacy of A. hydaspica extract/fractions to impede 

the oxidation of linoleic acid emulsion was an indication of the intricacy of the extract 

composition along with potential interaction between the extract and emulsion 

components. 𝛽-Carotene assay showed a significant correlation with TPC (R
2
 = 

0.9670, p < 0.0001) and TFC (R
2
 = 0.8831, p < 0.001) (Table 4.8). 
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4.3.1.8 Anti-lipid peroxidation potential  

Lipid peroxidation is involved in number of pathological conditions, so 

evaluation of antioxidant potential of natural and synthetic compounds requires an 

assay in lipid system too. The EC50 values in lipid peroxidation inhibition test were in 

the order of AHB < AHE < AHM < AHA < AHC < AHH. EC50 values showed by 

AHB (50±0.61 µg/ml) were significantly lower as compared to BHA values (EC50 = 

59.3±0.98 µg/ml). In this study the in vitro ability of plant extract/fractions to prevent 

the production of TBARS depicted the potential of samples to inhibit oxidation in 

lipid system. Significant correlation of EC50 values obtained in TBARS assay were 

observed with TPC (R
2
 = 0.779, p < 0.05) and TFC (R

2
 = 0.836, p <0.05). Due to the 

presence of high phenolic content A. hydaspica AHB and AHE fractions significantly 

inhibited the lipid oxidation and have strong antioxidant potential.  

4.3.1.9 Total antioxidant capacity assay (TAC) 

The total antioxidant capacity of the extract/fractions was measured by 

phosphomolybdenum method based on the reduction of molybnedum (VI) to 

molybnedum (V) by the antioxidant action of extract and the subsequent formation of 

a green phosphate Mo (V) complex at acid pH of the medium with maximum 

absorbance at 695 nm. A. hydaspica methanol extract and its soluble fractions showed 

a good antioxidant index as illustrated in Figure 4.8 (i).  

Total antioxidant capacity of the extract/fractions recorded at the highest dose 

of 250 µg/ml was in order of AHB (1.7 ± 0.015) ~ AHE (1.7 ± 0.08) > AHM (1.5 ± 

0.016) > AHA (1.3 ± 0.05) > AHH (1.2 ± 0.02) > AHC (0.738 ± 0.012). The current 

study reveals that AHB exhibited the highest antioxidant index comparable with 

ascorbic acid.  

4.3.1.10 Reducing power 

It was experiential that the reducing capability of the extract and different 

fractions increased in a dose dependent manner. The reducing potential of the extract 

and various fractions was in order of AHE > AHB > AHM > AHH > AHC > AHA. 

The AHE and AHB fractions (at 250 μg/ml) exhibited a good reducing power of 

2.472 ± 0.024 μg/ml and 2.316 ± 0.09 µg/ml respectively (Figure 4.8 j). The reducing 

power of any extract/compound possibly will function as an indicator of its 

prospective antioxidant action.  
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Table 4.7: EC50 values of different antioxidant activities of extract and derived fractions of A. hydaspica 

                                                         EC50 values 

 DPPH  

radical 

 

Superoxide  

radical  

Hydroxyl 

radical  

 

Hydrogen 

peroxide  

Radical 

ABTS 

radical 

 

Iron  

chelating  

Power 

β-carotene 

bleaching 

inhibition 

Lipid 

peroxidation 

inhibition 

AHM 19.5±0.43
a
 43.0±0.37

b
 39.0±0.44

a
 40.3±0.26

a
 193±0.26

d
 41.7±0.34

a
 86.4±0.62

d
 156.1±0.76

d
 

AHH 46.5±0.55
b
 59.3±0.36

c
 42.3±0.29

b
 80.6±0.43

c
 401±0.2

e
 91.7±0.17

b
 173.5±0.85

d
 562.3±0.55

g
 

AHE 18.0±0.45
a
 38.3±0.40

a
 35.7±0.40

a
 37.2±0.36

a
 173±0.1

c
  40.3±0.2

a
 48.4±0.55

b
 61.3±0.5

c
 

AHC 65±0.36
c
 90.8±0.55

d
 63±0.09

c
 115.6±1.5

d
 600±0.26

e
 130.1±0.17

d
 260.6±1.05

f
 467.3±0.60

f
 

AHB 16.7±0.43
a
 49±0.41

b
 33.0±0.16

a
 42.0±0.1

a
 98.0±0.1

a
  39.0±0.26

a
 66.2±0.72

c
 50.0±0.61

b
 

AHA 39.5±0.5
b
 46.3±0.52

b
 47±0.12

b
 68.1±0.36

b
 478±0.1

e
 103.0±0.1

c
 131.6±1.15

e
 401.1±0.12

e
 

AA 15.0± 0.4
a
 - - 35.0±0.2

a
 61.0±0.2

b
 - - - 

GA - 32.3±0.28
a
 29±0.16

a
 - - - - 43.5±0.86

a
 

C - - - - - 37.7±0.3
a
 40.4±1.01

a
 - 

BHA - - - - - - - 59.3±0.98
c
 

BHT - - - - - - 50.11±0.59
b
 - 

Values are expressed as mean±SEM (n=3). Means with superscripts with different letters in the column are significantly (p< 0.05) different from 

each other. - indicate not determined. A. hydaspica methanol extract (AHM); n-hexane fraction (AHH); ethyl acetate fraction (AHE); chloroform 

fraction (AHC); n-butanol fraction (AHB); aqueous fraction (AHA), Ascorbic acid (AA), Gallic acid (GA), Catechin (C), butylated hydroxy 

anisole (BHA), butylated hydroxy toluene (BHT). 
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Table 4:8: Correlations between the EC50 values of antioxidant activities, total 

phenolic and flavonoid content of A. hydaspica. 

Assays Correlation R
2
 

Total phenolic 

content (TPC) 

Total flavonoid 

content (TFC) 

EC50 of DPPH radical scavenging ability    0.9879
****

 0.8477
*
 

EC50 of superoxide radical scavenging ability   0.7909
*
 0.6411 

EC50 of hydroxyl radical scavenging ability  0.8675
**

 0.6982
*
 

EC50 of hydrogen peroxide scavenging ability  0.9749
***

 0.8223
*
 

EC50 of ABTS radical scavenging ability       0.8810
**

 0.8579
**

 

EC50 of β-carotene bleaching inhibition    0.9670
***

 0.8831
**

 

EC50 of TBARs induced lipid peroxidation   0.7793
*
 0.8369

*
 

EC50 of iron chelating power 0.8971
**

 0.8177
*
 

*, **, ***, ****
 significant at p < 0.05,  p < 0.01, p < 0.001 and p < 0.0001 
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                                  (a)                               (b) 

  

                                  (c)                                  (d) 

  

                                     (e)                                    (f) 
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                               (g)                                  (h) 

  

                              (i)                                (j) 

Figure 4.8: Antioxidant activity of A. hydaspica methanol extract and its derived 

fractions. Antioxidant activity of A. hydaspica methanol extract and its derived 

fractions (a) DPPH radical scavenging activity, (b) Superoxide radical scavenging 

activity, (c) Hydroxyl radical scavenging activity, (d) Hydrogen peroxide radical 

scavenging activity, (e) ABTS radical scavenging activity, (f) Iron chelating power, 

(g) β-carotene bleaching inhibition, (h) Lipid peroxidation inhibition, (i) Total 

antioxidant capacity, (j) Reducing power activity. 
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 Antibacterial activity 4.4

Crude methanol extract of A. hydaspica and its consequent fractions were 

check out for antibacterial potency using Gram+ive and Gram–ive bacteria. The 

antibacterial activity of extract/fractions is calculated by measuring the zone of 

inhibition in mm and minimum inhibitory concentration (MIC) in mg/ml. The activity 

shown by plant samples is compared with standard antibiotic (Cefexime). 

4.4.1 Zone of inhibition 

Table 4.9 demonstrates the antibacterial activity of A. hydaspica 

extract/fractions in the form of zone of growth inhibition of various bacteria. The 

result indicated that AHE possess strong antibacterial activity and maximum zone of 

inhibition (28 ± 1.0 mm) against E. coli, followed by AHM (11 ± 0.5 mm), while rest 

of the fractions did not inhibit the growth of E. coli. Similarly, maximum inhibitory 

activity was exhibited by AHE against B. subtilus and S. aureus. AHE showed 25 ± 

0.5 mm and 23 ± 1.0 mm zone of inhibition against B. subtilus and S. aureus 

respectively, followed by AHB (20 ± 0.5 mm against B. subtilus and 22 ± 1.5 against 

S. aureus). AHM showed moderate activity against B. subtilus (18 ± 1.5 mm) and 

least (10 ± 0.5 mm) inhibitory activity against S. aureus. Bacillus subtilus and S. 

aureus strains showed resistance to AHH, AHC and AHA fractions as indicated by no 

zone of inhibition. Bordetella bronchiseptica and M. luteus showed resistance to all of 

the tested extract/fractions except AHE, which showed moderate (20 ± 1.5 mm) effect 

against B. bronchiseptica and low (8 ± 1.0 mm) effect against M. luteus. 

Pseudomonas aeroginosa strain showed susceptibility from non to high. AHC showed 

no effect, while AHH, AHB and AHA showed low (7 ± 0.5 mm, 9±1.5 mm and 8±0. 

5 mm, respectively), AHM showed moderate (19 ± 0.5 mm) and AHE showed 

slightly high (21 ± 0.5 mm) zone of inhibition. AHM (10 ± 1.0 mm) showed least 

antimicrobial activity and AHE exhibit moderate (16 ± 0.5 mm) against K. 

pneumoniae while remaining fractions showed no activity. The antibacterial activity 

revealed by A. hydaspica methanol extract and its consequent fractions did not cross 

the magnitude of zone of inhibition exhibited by cefexime. AHE (28 ± 1.0 mm) 

against E. coli, B. subtilus (25 ± 0.5 mm) and S. aureus (23 ± 1.0 mm) exhibited 

pronounced results and observed zones of inhibition were near to standard Cefexime 

(38 ± 0.5 mm, 30 ± 1.5 mm and 34 ± 0.5 mm, respectively). 
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4.4.2 Minimum inhibitory concentration (MIC) 

Table 4.10 indicates the MIC values of A. hydaspica crude extracts and its 

derived fractions against tested bacteria. MIC values recoded for A. hydaspica 

extract/fractions ranged from 0.5 to 8.0 mg/ml. Lowest MIC was recoded for AHE 

against B. subtilus, S. aureus (Gram +ive bacteria) and E. coli (Gram -ive bacteria), 

besides AHB also showed lowest MIC against S. aureus.  

 Antifungal activity 4.5

In vitro antifungal potency of A. hydaspica crude extract and its consequent 

fractions was executed against four different fungal strains. The activity was 

calculated as percent growth inhibition relative to the control group. Table 4.11 

illustrates the antifungal potential of A. hydaspica. AHM and AHE were shown to be 

active against all tested fungal strains with variable potency. AHM showed good 

inhibitory activity against F. solani (65 ± 1.5%) and A. flavus (70 ± 1.0%) while 

moderate antifungal activity against A. niger (55 ± 2.0%) and A. fumigatus (50 ± 

0.5%). Significant growth inhibition was recorded in F. solani (85±1.5%) and A. 

niger (75 ± 2.0%) strains when treated with AHE, while A. flavus (60 ± 0.5%) and A. 

fumigatus (55 ± 1.0%) showed moderate growth inhibition upon treatment with AHE. 

Treatment with AHB results in moderate growth inhibition of F. solani (60 ± 1.5%) 

while non-significant growth inhibition was noticed against other fungal strains. 

AHH, AHC and AHA exhibited low level of antifungal activity against all tested 

strains. 

 Anti-hemolytic activity 4.6

Oxidative damage is implicated in hemolysis and associated pathologies. This 

experiment was aimed to assess whether A. hydaspica prevented oxidative damages to 

erythrocyte membrane or not. Acacia hydaspica methanol extract and its various 

fractions showed differential pattern of anti-hemolytic activity. Results indicated that 

AHM, AHE and AHB exhibited potent anti-hemolytic action in a dose dependent 

way. However maximum inhibition of hemolysis was exhibited by AHE (97% RBC 

membrane stabilization) at 1000 μg/ml, whereas aqueous fraction exhibit minimum 

anti-hemolytic activity as compared to other fractions (Table 4.12). Lysis of 

erythrocytes was displayed to be decreased with an increase in concentration of 

extract or fraction. 
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 Cytotoxicity assays 4.7

4.7.1 Cytotoxicity brine shrimp lethality assay 

Preliminary screening of plant extract/fraction through cytotoxicity provides 

helpful information regarding the antitumor potential of plant. Methanol extract and 

its derived fractions showed good cytotoxic activity and LD50 concentration of 

various solvent extracts ranked in the following order of  AHB (97.5 µg/ml) < AHE 

(100 µg/ml) < AHM (277 µg/ml) < AHA (423 µg/ml) < AHH (623 µg/ml)  AHC (743 

µg/ml) respectively (Table 4.13).  

4.7.2 MTT assay 

Based on the antioxidant ability of the extract/fractions of A. hydaspica; 

AHM, AHE and AHB were selected for cytotoxic testing against cancer and normal 

cell lines. The integration of cancer and normal cells in the study design are necessary 

for the detection of cytoselective compounds. The result of MTT cell viability assay 

revealed that the tested samples inhibited cell viability in a dose dependent manner, 

although their effects were different from one another (Figure 4.9). IC50 values of 

extract/fractions at all tested cell lines exhibited a distinctive pattern. AHM, AHE and 

AHB showed minor cytotoxicity against normal Vero cells as shown by higher IC50 

values (IC50 > 250 µg/ml). AHE was found the most effective against cancer cells, 

with IC50 values found to be 29.9 ± 0.909 µg/ml for MDA-MB-361 cell line and 39.5 

± 0.872 µg/ml for HCC-38 cell line. IC50 values and selectivity indices (SI) of 

different samples against cancer cells and normal cells are shown in Table 4.14. 

 

 

 

 

 

 

 

 

 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            132 

 

Table 4:9: Antibacterial activity of A. hydaspica methanol extract and its derived 

fractions at 30 mg/ml concentration. 

 

Samples 

                                        Zone of inhibition (mm) 

E. 

Coli 

B. 

subtilus 

S. 

Aureus 

B. 

bronchiseptica 

M. 

luteus 

P. 

aeroginosa 

K. 

pneumoniae 

AHM 11±0.5 18 ±1.5 10±0.5 0 0 19±0.5 10±1.0 

AHH 0 0 0 0 0 7±0.5 0 

AHC 0 0 0 0 0 0 0 

AHE 28±1.0 25±0.5 23±1.0 20±1.5 8 ±1.0 21±0.5 16±0.5 

AHB 0 20±0.5 22±1.5 0 0 9±1.5 0 

AHA 0 0 0 0 0 8±0. 5 0 

Cefixime 38±0.5 30±1.5 34±0.5 35±1.0 32±1.0 42±0.5 30±1.5 

DMSO 0 0 0 0 0 0 0 

Values are expressed as mean ±SEM. 8-13, low; 14-19, moderate; 20-above high. 

AHM; A. hydaspica methanol extract. AHH: A. hydaspica n-hexane fraction, AHE: A. 

hydaspica ethyl-acetate fraction, AHC: A. hydaspica chloroform fraction, AHB: A. 

hydaspica n-butanol fraction, AHA: A. hydaspica remaining aqueous fraction. 

 

Table 4:10: Minimum inhibitory concentration (mg/ml) of A. hydaspica methanol 

extract and its derived fractions.  

Extract/ 

Fractions 

E. 

Coli 

B. 

subtilus 

S. 

Aureus 

B. 

bronchiseptica 

M. 

luteus 

P. 

aeroginosa 

K. 

pneumoniae 

AHM 4.0 4.0 8.0 - - 4.0 8 

AHH - - - - - 8.0 - 

AHC - - - - - - - 

AHE 0.5 0.5 0.5 1.0 8.0 2.0 4.0 

AHB - 1.0 0.5 - - 0.5 - 

AHA - - - - - 8.0 - 

-: indicates no activity. AHM: A. hydaspica methanol extract, AHH: A. hydaspica n-

hexane fraction, AHE: A. hydaspica ethyl-acetate fraction, AHC: A. hydaspica 

chloroform fraction, AHB: A. hydaspica n-butanol fraction, AHA: A. hydaspica 

remaining aqueous fraction. 
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Table 4:11: Antifungal activity of A. hydaspica methanol extract and its derived 

fractions 

                                                            Percent growth inhibition 

Samples F. solani A. flavus A. niger A. fumigatus 

AHM 65±1.5 70±1.0 55±2.0 50±0.5 

AHH 15±1.0 20±0.5 10±0.5 15±1.5 

AHC  8±0.5 12±1.0 5±0.5 10±1.5 

AHE 85±1.5 60±0.5 75±2.0 55±1.0 

AHB 60±1.5 25±0.5 35±0.5 20±0.5 

AHA 10±0.5 5±1.5 7±0.5 15±1.5 

Terbinafine  97±1.0 90±2.0 100 100 

DMSO 0 0 0 0 

Values are expressed as mean±SEM (n=3). Significant activity=more than 70% 

growth inhibition; Good activity=60-70% growth inhibition; Moderate activity= 50-

60% growth inhibition; non-significant below 50% growth inhibition. AHM: A. 

hydaspica methanol extract, AHH: A. hydaspica n-hexane fraction, AHE: A. 

hydaspica ethyl-acetate fraction, AHC: A. hydaspica chloroform fraction, AHB: A. 

hydaspica n-butanol fraction, AHA: A. hydaspica remaining aqueous fraction. 

Table 4:12: Anti-hemolytic activity of A. hydaspica methanol extract and its soluble 

fractions against H2O2 induced hemolysis 

Samples Positive 

Control 

(A) 

Negative 

Control 

(B) 

Optical density 
C
 at 560 nm 

Concentration (µg/ml) 

% Inhibition of 

Hemolysis at 

1000 (µg/ml) 

    100 250 500 1000  

AHM 1.45±0.02 0.11±0.05 0.69±0.01 0.85±0.05 0.96±0.05 1.15±0.01 79.3
 c
 

AHH        1.45±0.03 0.11±0.05 0.65±0.05 0.71±0.05 0.88±0.05 0.98±0.05 67.6 
d
 

AHC 1.45±0.05 0.11±0.05 0.51±0.05 0.63±0.03 0.71±0.05 0.87±0.02 60.0 
e
 

AHE 1.45±0.06 0.11±0.05 0.72±0.04 0.89±0.09 1.14±0.01 1.42±0.02 97.9
 a
 

AHB 1.45±0.04 0.11±0.05 0.67±0.05 0.81±0.05 0.92±0.05 1.29±0.03 88.9
 b
 

AHA 1.45±0.07 0.11±0.05 0.49±0.05 0.591±0.05 0.64±0.05 0.79±0.05 54.5 
f
 

QR 1.45±0.08 0.11±0.05 0.72±0.04 0.89±0.09 1.14±0.01 1.43±0.02 98.6 
a
 

Each value is represented as mean±SEM (n=3). Values in same column followed by 

different letter (
a-f

) are significantly different (p < 0.05), A; phosphate buffer saline 

replaced extract /fraction as this treatment results in 0 % hemolysis, B; hydrogen 

peroxide replaced extract to serve as a negative control since this treatment results in 

100 % hemolysis, 
c
; lower values are associated with increased cell lysis. AHM: A. 

hydaspica methanol extract, AHH: A. hydaspica n-hexane fraction, AHE: A. 

hydaspica ethyl-acetate fraction, AHC: A. hydaspica chloroform fraction, AHB: A. 

hydaspica n-butanol fraction, AHA: A. hydaspica remaining aqueous fraction. 

 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            134 

 

Table 4:13: Cytotoxic potential of A. hydaspica methanol extract and its soluble 

fractions on Artemia salina larvae  

  % Dead after 24 h  

 Extract/fractions No. of brine 

shrimps 

Concentration (µg/ml) LD50 

(µg/ml) 

  10 100 1000  

AHM 20 10 40 73 277 

AHH        20 8 30 65 623 

AHC 20 5 20 62 743 

AHE 20 14 50 88 100 

AHB 20 16 53 85 97.5 

AHA 20 6 35 78 423 

Lethal concentration LD50 is at which 50 % organisms were died. 

 

Table 4.14: Table 4:14: Cytotoxic effect of A. hydaspica methanol extract and its 

derived fractions on MDA-MB 361, HCC-38 and Vero cells of green monkey 

Extract/ 

Fraction 

MDA-MB-

361 

IC50 (µg/ml) 

SI 

IC50V/IC50M 

HCC-38 

IC50 (µg/ml) 

SI 

IC50V/IC50H 

Vero cell 

line 

IC50 

(µg/ml) 

AHM 46.9±1.309*** 5.415 75.9±1.32*** 3.34 254±1.81 

AHE 29.9±0.909***       9.83 39.5±0.872*** 7.44 294±1.551 

AHB  37±1.01***       6.97 56±0.931***        4.6 258±1.681 

Each value expressed as mean ± SEM (n=3). Selectivity index (SI) >3 is considered to 

be highly selective, *** shows significance at p < 0.001 as compared to Vero cells. M 

represents MDA-MB-361; V represents Vero and H represents HCC-38 cell lines. 
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Figure 4.9: Dose response curves representing the effect A. hydaspica 

extract/fractions against the cell viability. Breast cancer cell lines (MDA-MB361 and 

HCC38) and normal kidney epithelial cells (Vero cells).Cells were incubated with 

different concentration of plant extract/fractions for 48 h and cell growth was assessed 

by MTT assay. A: Anti-proliferative effect of methanol extract (AHM), B: Anti-

proliferative effect of ethyl acetate fraction (AHE) and C: Anti-proliferative effect of 

butanol fraction (AHB). Results were expressed as % inhibition of cell proliferation 

relative to untreated cells. All data expressed as mean ± SEM (n=3) 
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 Pharmacological activities  4.8

Rat model was chosen to evaluate the antipyretic, anti-inflammatory, analgesic 

and anti-depressant activity of A. hydaspica. The methanol extract (AHM) and ethyl 

acetate fraction (AHE) of A. hydaspica shown to be the most active and AHH, AHC, 

AHB and AHA fractions were not significantly active in any of the assays carried out 

in this study.  

4.8.1 Antipyretic activity 

The AHM and AHE significantly (p < 0.001) attenuated hyperthermia in rats. 

The mean increase in rectal temperature recorded after 24 h of yeast injection was 

2
o
C- 2.43

o
C. The inhibition was dose dependent and remained significant up to 5 h of 

administration. AHE 150 mg/kg dose showed the maximum antipyretic effect and 

return body temperature to normal levels (p > 0.05) more efficiently than standard 

drug, paracetamol (Table 4.15). 

4.8.2 Anti-inflammatory activity 

4.8.2.1 Carrageenan induced paw edema  

In the carrageenan-persuaded edema, the crude extract of A. hydaspica (AHM) 

and its ethyl acetate fraction (AHE) induced a dose and time dependent reduction in 

paw edema. The anti-inflammatory action became noteworthy (p < 0.05) 2 h after 

carrageenan inoculation by 150 mg/kg dose whilst; maximum inhibition was observed 

after 4 h. The percent inhibition of inflammation by AHM (150 mg/kg) was more 

pronounced than aspirin, whilst the inflammatory activity revealed by diclofenac 

sodium was non-significantly different from AHM (Table 4.16). 

4.8.2.2 Prostaglandin E2 induced paw edema  

AHM and AHE revealed a dose dependent (50-15 mg/kg) and time dependent 

reduction in prostaglandin E2 (PGE2) induced paw edema in rats. Reversal of edema 

starts 2 h after the injection of PGE2, and peak inhibition was seen after 4 h. The AHE 

induced anti-inflammatory activity comparable to standard reference drug (Table 

4.17). 

4.8.3 Analgesic effect 

4.8.3.1  Peripheral analgesic activity (Acetic acid induced writhing test) 

Outcomes of the present study showed that AHM and its derived fraction AHE 

significantly (p < 0.001) and dose dependently (50, 100 and 150 mg/kg), diminute the 
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number of abdominal constrictions impelled by administration of 1% acetic acid 

solution. The inhibitory effect of diclofenac sodium was non-significantly different 

from the protective effect revealed by AHM and AHE (100-150 mg/kg dose) (Table 

4.18). 

4.8.3.2 Central analgesic effect (Hot plate method/Thermal stimulation) 

In this assay A. hydaspica extract (AHM) and its fraction (AHE) exhibited a 

dose dependent escalation in latency time and lessen the pain sensation in a pattern 

similar to standard drug; Diclofenac sodium whilst the effect of both AHM and AHE, 

was shown to be more pronounced than fluoxetine at 150 mg/kg dose.(Figure 4.10, 

Table 4.19). 

4.8.4 Antidepressant activity 

4.8.4.1 Effect of A. hydaspica on forced swim test (FST) 

Administration of methanol extract of A. hydaspica (AHM) and ethyl acetate 

fraction (AHE) decreased the immobility time in the forced swim assay compared to 

other fractions. Both AHM and AHE markedly (p < 0.001) decrease the immobility 

time in comparison to vehicle control animals while non-significant difference in 

activity was noticed with standard drug. Treatment of fluoxetine to rats in force 

swimming task noticeably (p < 0.001) reduced the immobility period in comparison 

with other derived fractions of AHM (Table 4.20) 

Swimming period was increased by the treatments of AHM and AHE. 

Fluoxetine exert maximum improvement in swimming period and it was considerably 

(p < 0.05 and p <0.001) different from the methanol extract and its derived fractions 

except AHE respectively. AHE exhibit analogous activity to fluoxetine (Figure 4.11 

a).  

Climbing period during the force swim test was enhanced markedly (p < 

0.001) by the AHM, AHE and fluoxetine treatment in contrast to vehicle control 

group (Figure 4.11 b). Maximum increase in climbing time was observed with 

fluoxetine followed by AHE and AHM. However the results were statistically similar 

to floxitine. 
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4.8.4.2 Effect of A. hydaspica on tail suspension test (TST) 

Consequences for immobility duration of tail suspension assay are shown in 

Table 4.20. Crude methanol extract of A. hydaspica reduced the time of immobility in 

the tail suspension assay. Statistical analysis showed that the change in immobility 

actions induced with AHM and AHE were statistically similar to that of the standard 

anti-depressant drug known as fluoxetine. The antidepressant effects such as decrease 

in immobility caused by other fractions derived from the crude methanol extract of A. 

hydaspica were statistically similar amongst themselves while the effect was 

statistically lower as compared to that of the standard drug fluoxetine AHM and AHE. 
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Table 4.15: Effect of AHM and its fraction on brewer’s yeast-induced pyrexia 

Treatment Dose 

mg/kg 

Body 

Temp.(N) 

Rectal temperature (°C) 

After administration of drug 

   After 24 h 

(T) 

1 h (P1) 2 h (P2) 3 h (P3) 4 h (P4) 5 h (P5) 

         

Saline 10 ml 36.96± 0.21 38.96±0.02 38.88±0.09 38.73±0.03 38.62±0.02 38.55±0.06 38.5± 0.014 

Paracetam-ol 100 37.36± 0.25 39.35±0.21 38.70±0.27 37.99±0.07
*
 37.79±0.04

*
 37.49±0.02

**
 37.395±0.02

***
 

AHM 50 37.23±0.12 39.03±0.06 39.32±0.12 38.47±0.084 38.15±0.05 37.91±0.03 37.77±0.14 

100 36.85±0.05 39.17±0.08 39.05±0.08 38.12±0.021 37.94±0.06 37.76±0.05
*
 37.12±0.03

***
 

150 37.30±0.1 39.53±0.18 39.20±0.14 38.05±0.09
***

 37.86±0.04
***

 37.62±0.03
*
 37.36±0.06

***
 

AHE 50 37.19±0.10 39.43±0.54 38.82±0.41 38.01±0.014 37.99±0.01 37.68±0.045
*
 37.24±0.239

***
 

 100 36.85±0.05 38.67±0.44 38.6±0.489 37.88±0.03
*
 37.475±0.324

**
 37.31±0.19

***
 36.75±0.245

***
 

 150 37.10±0.10 39.18±0.28 38.55±0.45 37.62±0.02
**

 37.625±0.494
**

 37.195±0.005
***

 37.13±0.12
***

 

Data values shown represent mean ±SEM (n=6). 
*
p< 0.05, 

**
p< 0.01, 

***
p< 0.001 versus only brewer’s yeast treated group (Two way ANOVA 

followed by Bonferroni multiple comparison test). N, indicates mean body temperature before pyrexia. 
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Table 4.16: Effect of AHM and its fraction on carrageenan-induced paw edema in rats 

Treatment Dose/route Mean Paw 

Volume 

Before  

carrageenan 

Injection 

Increase in paw volume (ml) after carrageenan injection (mean ± SEM) / Percent     

inhibition of edema 

+1 h +2 h +3 h +4 h 

Saline 2 ml, i.p. 1.2 ± 0.0265 2.66 ± 0.015 2.5 ± 0.095 2.24 ± 0.104 1.93 ± 0.053 

AHM 50 mg/kg, p.o. 1.043 ± 0.03 2.488 ± 0.045 1.82 ± 0.062 1.56 ± 0.047 1.39 ± 0.032 

(1.34 ± 0.917) (40.23 ± 0.413) (52.29 ± 3.12) (52.46 ± 2.419) 

 

100 mg/kg, p.o. 0.89 ± 0.04 2.311 ± 0.03 1.543 ± 0.02 1.301 ± 0.015 1.156 ± 0.05 

(3.11 ± 1.6) (49.41 ± 2.023) (60.47 ± 0.429
*
) (63.47 ± 0.457

*
) 

 

150 mg/kg, p.o. 1.01 ± 0.037 2.423 ± 0.043 1.49 ± 0.07 1.27 ± 0.060 1.119 ± 0.06 

(3.63 ± 1.135) (63.07 ± 0.09
*
) (75 ± 0.23

**
) (85.06 ± 1.47

**
) 

 

AHE 50 mg/kg, p.o. 1.05 ± 0.05 2.473 ± 0.013 1.797 ± 0.039 1.473 ± 0.046 1.343 ± 0.029 

(2.295 ± 0.10) (46.64 ± 0.63
***

) (69.56± 0.564
***

) (78.29± 1.000
***

) 

 

100 mg/kg, p.o. 1.01 ± 0.29 2.307 ± 0.036 1.491 ± 0.010 1.274 ± 0.37 1.09 ± 0.51 

(2.50 ± 0.20) (67.14± 0.500
***

) (81.159 ± 0.5
***

) (92.07 ± 1.00
***

) 

 

150 mg/kg, p.o. 1.01 ± 0.5 2.403 ± 0.05 1.46 ± 0.026 1.178 ± 0.019 1.036 ± 0.036 

(3.86 ± 0.428) (67.85 ± 1.00
***

) (87.82 ± 1.00
***

) (93.40 ± 1.00
***

) 

 

Diclofenac  

Sodium 

10 mg/kg, i.p. 1.19 ± 0.015 2.576 ± 0.03 1.600 ± 0.02 1.426 ± 0.0305 1.27 ± 0.01 

(5.52 ± 0.575) (68.46 ± 0.815
**

) (77.24± 0.192
**

) (89.04± 2.048
***

) 
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Fluoxetine 10 mg/kg, i.p. 1.09 ± 0.064 2.50 ± 0.091 1.63 ± 0.04 1.343 ± 0.055 1.192 ± 0.017 

(3.86 ± 0.212) (58.461± 1.972
*
) (75.64± 0.093

**
) (85.98± 2.008

**
) 

Aspirin 10 mg/kg, i.p. 1.157 ± 0.04 2.597 ± 0.032 1.736 ± 0.075 1.486 ± 0.066 1.34 ± 0.0264 

(1.84 ± 0.50) (55.46 ± 0.246
*
) (68.30 ± 0.094

**
) (74.93 ± 5.15

**
) 

Data values shown represent mean ± SEM (n = 6). 
*
p< 0.05, 

**
p< 0.01, 

***
p< 0.001 versus only carrageenan treated group (Two-way ANOVA 

followed by Bonferroni multiple comparison test). Percentage inhibition is shown in brackets. Inhibition in saline treated group at each time 

point was calculated relative to paw edema after 1 h. 
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Table 4:17: Effect of AHM and its fraction on Prostaglandin E2-induced paw edema 

in rats 

Treatment mg/kg, 

 p.o. 

                            Percent inhibition of edema Volume  

+1 h +2 h +3 h +4 h 

AHM 

 

  

50 2.44± 0.29 18.58±1.744
***

 52.25±1.52
***

 54.186±3.13
***

 

100 3.76±0.176 33.31±1.084
***

 72.86±2.081
***

 75.19±2.62
***

 

150 4.16±0.176 42.50±1.76
***

 86.72±3.45
***

 86.11±1.41
***

 

AHE 

 

50  4.72±0.355 24.16±1.20
***

 64.34±1.88
***

 75.68±2.61
***

 

100 4.33±0.12 37.77±1.36
***

 77.21±2.23
***

 84.12±0.90
***

 

150 4.80±0.152 59.338±3.05
***

 90.57±0.76
***

 91.345±0.57
***

 

Diclofenac  

Sodium 

10 i.p. 5.13±0.145 55.83±2.63
***

 87.72±2.53
***

 88.11±0.68
***

 

Data values shown represent mean ±SEM (n=6).  
***

 p  < 0.001 versus only PGE2 

treated group (Two way ANOVA followed by Bonferroni multiple comparison test).  

 

Table 4:18: Effect of AHM and its fraction on acetic acid induced writhing 

Groups Drug (dose), route No. of writhing 

(Mean ± SEM) 

% Inhibition 

Saline  10 ml/kg 70.38±2.7 - 

AHM 50 mg/kg, p.o.   27.65±1.005
***

 60.71±0.66 

100 mg/kg, p.o. 18.09±1.24
***

 74.29±1.20 

150 mg/kg, p.o. 16.15±1.175
***

 77.05±1.70 

AHE 50 mg/kg, p.o. 18.25±1.25
***

 74.06±1.15 

100 mg/kg, p.o. 15.00±1.00
***

 78.68±1.05 

150 mg/kg, p.o. 12.75±1.25
***

 81.88±0.05 

Diclofenac Sodium 10 mg/kg, i.p. 13.22±1.89
***

 81.65±1.10 

Fluoxitine 10 mg/kg, i.p. 14.50±1.09
***

 79.39±1.00 

Aspirin 10 mg/kg, i.p. 20.13±1.12
***

 71.39±2.00 

Data values shown represent mean ±SEM (n=6).  
*** 

p < 0.001 versus only acetic acid 

treated group (One way ANOVA followed by Tukey's Multiple Comparison Test). 
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Table 4:19: Effect of AHM and its fraction in hot plate test. 

Group Dose/route  

 

Latency time in seconds 

  0 min 30 min                   60 min 120 min 

Saline  10 ml, i.p. 9.83± 0.601 9.36±0.317 9.3.±0.881 9.167±0.44 

AHM 50 mg/kg, p.o. 9.61±0.1675 12.33±0.88
**

 17.00±0.577
***

 18.33± 0.66
***

 

100 mg/kg, p.o. 9.76±0.145 17.0±0.57
***

 22.334±1.201
***

 24.0± 0.557
***

 

150 mg/kg, p.o. 9.74±0.52 20.66±0.88
***

 26.0± 0.57
***

 26.33 ± 0.34
***

 

AHE 50 mg/kg, p.o. 9.63±0.185 13.0±0.577
***

 17.33±0.667
***

 19.33±0.333
***

 

100 mg/kg, p.o. 9.83±0.167 17.66±0.88
***

 23.0±0.577
***

 24.33±0.333
***

 

150 mg/kg, p.o. 9.667±0.166 22.0±0.577
***

 26.66±0.33
***

 27.0±0.577
***

 

Diclofena

c sodium 

10 mg/kg, i.p. 9.67±0.667 21.66±0.88
***

 26.16±0.89
***

 26.66 ± 1.00
***

 

Fluoxetin

e 

10 mg/kg, i.p. 9.66±0.881 15.33±0.34
***

 20.33±0.90
***

 21.33 ± 0.67
***

 

Aspirin 10 mg/kg, i.p. 9.7±0.153 9.9±0.208 9.93±0.581 10.30 ± 0.513 

Data values shown represent mean±SEM (n=6). 
** 

p < 0.01, 
*** 

p < 0.001 versus saline 

treated group (Two way ANOVA followed by Bonferroni multiple comparison test).  

 

             

Figure 4.10: Percent effect of AHM, AHE and Fluoxetine in hot plate test. Data 

analyzed by two way ANOVA followed by Bonferroni comparison test. Asterisks 
***

 

indicated statistically significant (p < 0.001) values from the control, ### indicated 

statistically significant (p < 0.001) difference of AHM and AHE (150mg/kg, dose) to 

fluoxetine.  
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Table 4:20: Antidepressant effect of A. hydaspica methanol extract and its derived 

fractions in FST and TST (Immobility behavior) 

Treatment FST (Immobility time  

in seconds) 

TST (Immobility time 

in seconds) 

Control 171.0±3.79 192.3±2.85 

AHM 33.33±2.85
***

 37±2.52
***

 

AHH 168.0±3.51b 181.3±1.86 

AHE 32.0±2.52
***

 35.67±2.73
***

 

AHC 166.7±2.33b 183.3±1.45 

AHB 156.0±3.79
*
 179.3±2.33

*
 

AHA 172.0±2.52 182.0±3.60 

Flouxitine 30.33±2.03
***

 34.67±2.91
***

 

Data presented as mean±SEM (n=6). Asterisks 
***

,
 *

 indicate significant (p <0.001 and 

p < 0.05 respectively) difference from control. Data analyzed by one way ANOVA 

followed by Tukey’s multiple comparison tests. 

 

 

Figure 4.11: Effect of AHM, its derived fractions and fluoxetine on behavioral pattern 

in forced swing test in rats.a) Effect on swimming behavior. b) Effect on climbing 

behavior. Data presented as mean±SEM (n=6). Asterisks 
***, *

 indicate significant (p < 

0.001 and p < 0.05 respectively) difference from control. Data analyzed by one way 

ANOVA followed by Tukey’s multiple comparison tests. 
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 In vivo protective effect of A. hydaspica against chemotherapeutic drugs 4.9

induced toxicity 

Ethyl acetate fraction of A. hydaspica (AHE) showed lowest EC50 values in 

antioxidant assays and is the most active fraction among all other fractions in various 

in vitro bioassays, hence selected for in vivo screening against chemotherapeutic 

drugs induced toxicity. Rats were used as model animals while; cisplatin (CP) and 

doxorubicin (DOX) were used to induce general organ toxicity. CP and DOX are 

highly efficient anti-neoplastic drugs and have been extensively used as 

chemotherapeutic agents for the management of several sorts of cancers. However, 

their clinical use is associated with serious side effects. Therefore, liver, kidney, 

lungs, testis and heart were evaluated for the protective effect of A. hydaspica against 

the side effects of these chemotherapeutic drugs. 

4.9.1 Estimation of acute toxicity   

AHE was found safe at all tested doses (up to 4000 mg/kg) and did not show 

any noxious symptom in rats like sedation, convulsions, diarrhea, and irritation. 

During the 7 days of the assessment, no mortality was observed. Therefore, one tenth 

of the maximum dose, 400 mg/kg b.w. was used for the in vivo evaluation of AHE. 

For dose response study 200 mg/kg b.w dose was also tested in doxorubicin 

experiments. 

4.9.2 General toxicity 

The rats treated with cisplatin, doxorubicin and AHE alone or cisplatin with 

AHE, doxorubicin with AHE, did not show any clinical signs of toxicity (such as 

unusual salivation, flicking movements, shiver, head and forelimb clonuses, spasms, 

incoordination, diarrhea, increased diuresis). No death was witnessed in both treated 

and untreated groups of rats during the experimental period. 

 Cisplatin induce toxicity 4.10

4.10.1 Body and organ weights  

The effect of AHE treatment before and after CP intoxication on the body and 

organ weights is reported in Tables 4.21 and 4.22. Data revealed significant (p 

<0.001) fall in the final body weights of CP alone treated rats in comparison to both 

control and AHE treatment groups. Both pre and post treatments with AHE results in 
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significant elevation in the final body weight of CP treated animals, and pretreatment 

seems to be more effective (p <0.001) compared to post treatment in reducing the 

growth impeding effects of CP. Results indicated significant difference in the organ 

weights of CP treated rats and control rats. AHE pretreatment significant increase in 

organ weights in contrast to CP alone treated group. AHE pretreatment reduced the 

suppressive effect of CP on body weight gain and organ weights (Table 4.22). 

4.10.2 Protective effect of AHE on lipid profile  

The protective effect of AHE on lipid profile such as total cholesterol, HDL, 

LDL and triglycerides is summarized in Table 4.23. CP markedly (p < 0.001) 

increased the levels of total cholesterol, LDL and triglycerides, whereas the HDL 

levels were significantly (p < 0.001) decreased in cisplatin treatment group. 

Administration of AHE with CP markedly (p < 0.001) corrected the serum markers of 

lipid profile, with most significant (p < 0.001) protection observed in AHE pre-

treatment group in comparison to post-treatment group. AHE pre-treatment results in 

an influence equal to CP + silymarin treated group. However the lipid profile was 

noticeably higher (p < 0.0001) compared to the untreated control group, except the 

serum levels of HDL in AHE pre-treatment group. 

 The protective effect of AHE against Cisplatin induced hepatotoxicity  4.11

Liver injury is a less studied feature of cisplatin medication, and there is 

insufficient data regarding the underlying mechanism of cisplatin induced 

hepatotoxicity. Decreased antioxidant defense system and increased oxidative stress 

were major alterations evident in cisplatin toxicity. The antioxidants reduce the 

oxidative stress and liver toxicity that can be assessed by following parameters. 

4.11.1 Effect of AHE on liver serum biomarkers 

The estimation of serum biomarker enzymes is a supportive index to analyze 

the hepatic functionality and the kinds of hepatocellular lesions. Cisplatin 

administration induced liver damage as shown by significantly (p <0.001) elevated 

levels of hepatic biomarkers in serum viz., aminotransferase enzymes (ALT and 

AST), especially ALT is a specific and key indicator of liver harm, alkaline 

phosphatase (ALP), lactate dehydrogenase (LDH), total serum bilirubin (TSB) and 

direct bilirubin (DB) levels were also augmented in contrast to those of control rats. 
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Table 4.24 and 4.25 exhibited the recovery pattern of AHE pre- and post-treatment 

groups on hepatic function biomarkers of serum in cisplatin induced hepatocellular 

injury. Pre-treatment of rats with AHE significantly decreased the elevated levels of 

ALT, AST, ALP, LDH, TSB and DB as compared to only CP treated rats and AHE 

post-treatment group. Pre-treatment of rats with AHE attenuated CP deteriorations 

and revived the hepatic serum biomarker toward control group and their values were 

non-significantly different from reference drug silymarin. 

4.11.2 Effect of AHE on hepatic antioxidant enzymatic status and GSH profile 

CP therapy leads to generation of reactive oxygen metabolites and inhibited 

the action of antioxidant enzymes and lipid peroxidation. Mechanism of CP induced 

hepatic toxicity is possibly the depletion of enzymatic antioxidants, especially 

reduced glutathione (GSH), significant elevation in hepatic MDA levels and increased 

oxidative stress. Antioxidants are very crucial for the detoxification of reactive 

metabolites and maintaining cellular balance. Table 4.26 indicates significant 

decrease in phase I antioxidant enzymes of liver i.e., POD, SOD, CAT and QR levels 

following single intraperitoneal administration of CP as compared to untreated control 

and AHE alone treated groups. Prophylactic treatment with AHE before and after CP 

administration significantly restored the activity of these enzymes while in AHE pre-

treatment group the levels of enzymes were non-significantly different from standard 

drug (silymarin) treated group. However the SOD and CAT exhibited significant 

difference while POD displayed non-significant difference in comparison to that of 

control group. Oral administration of AHE alone (at 400 mg/kg), exhibited non-

significant alteration in the efficacy level of these antioxidant enzymes in comparison 

to control values.   

The protective effect of AHE on phase II antioxidant enzymes including QR, 

GSH, GR, GST, γ-GT and GPx in the liver tissue of rat was evident. CP single dose 

leads to extensive (p <0.001) deterioration in the activity of hepatic phase II 

antioxidant enzymes. The presence of AHE prior to or after CP injection attenuated 

the CP intoxication and significantly (p < 0.001) restored the enzyme activity (Table 

4.26 and 4.27), however the treatment seems more effective (p < 0.0001) when AHE 

was administered prior to CP as compared to its administration after CP inoculation. 

The level of QR, GSH, GR, GST, γ-GT and GPx after pre-treatment with 400 mg/kg 
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dose of AHE was statistically equivalent to that of silymarin, however significant 

difference was observed in comparison to that of control. AHE alone treated group 

showed non-significant change in phase II antioxidant enzymes activity in comparison 

to that of control. 

4.11.3 Effect of AHE on liver protein and oxidative stress markers 

The effects of various treatments with AHE on tissue protein, H2O2, nitrite 

content and TBARS products (MDA) were shown in Table 4.28. Results clearly 

demonstrated that CP treatment resulted in substantial (p <0.0001) lessening in liver 

tissue soluble protein as compared to control and AHE alone treated group. AHE 

significantly (p <0.0001) ameliorated the toxicity and restored tissue protein content 

in both pre-treatment and post-treatment regimes in comparison to CP alone treated 

group and maximum (p <0.001) restoration was observed when AHE was presented 

before CP injection as compared to its administration after CP intoxication. The 

protein content recorded in case of AHE pre-treatment was non-significantly different 

to that of silymarin treated group. 

Oxidative stress has been reflected as one of the underlying mechanism of CP-

persuaded acute organ injury. Effect of pre and post-treatment of AHE on CP induced 

oxidative stress was evaluated by measuring the levels of H2O2, nitrite (NO) and lipid 

peroxidation products (MDA). CP-induced hepatic oxidative stress was noticeable by 

significant (p <0.0001) intensification in H2O2, NO and MDA levels as compared to 

control and AHE alone treated groups (Table 4.28). AHE pre-treatment bring about 

comprehensive diminution in the level of H2O2 and restored the normal values similar 

to that of control and silymarin treated group. The changes in nitrite content and 

MDA levels were significantly attenuated by AHE pre and post-treatments. The level 

of nitrite content and MDA formed in pre- and post-treatment groups were 

significantly different with p < 0.05 and p < 0.0001 respectively from control group, 

however pre-treatment with AHE produce equivalent effects to that of silymarin. 

AHE administration seems to be more effective in reducing the CP-induced oxidative 

stress by significantly (p < 0.0001) decreasing the level of H2O2, nitrite content and 

MDA formation (p < 0.05) in comparison to its administration after CP intoxication. 
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4.11.4 Histopathology assessment of liver 

Histopathological analysis provides a significant support for the biochemical 

analysis. The light microscopic inspection of hematoxylin and eosin (H & E) stained 

liver tissue sections of control and AHE treated groups showed normal morphology of 

tissue (Figure 4.12). The typical microscopic structural design of the liver was 

composed of hexagonal lobules and acini. Hexagonal lobules were centered on the 

central vein (CV) and have a portal triad comprising branches of the portal vein (PV), 

hepatic artery (HA) and bile duct (BD). The appearance of hepatocyte cord, 

hepatocytes, central vein and portal areas appeared normal in AHE alone treated and 

control groups. Hepatic structure of CP treated group displayed manifested 

morphological changes at hepatocytes lobular structure. CP single dose lead to macro-

vesicular steatosis (fatty change), which occurs due to disrupted lipoprotein transport 

or accumulation of fatty acids depicting CP might interferes with mitochondrial and 

microsomal function in hepatocytes, leading to an accumulation of lipids. Moreover 

CP administration induced austere cellular hypertrophy, necrosis, severe lobular 

degenerations or no discernable normal lobular architecture, interlobular passage 

became dilated, inflammatory cell infiltrations, wide vacuolar hepatocytes with 

ballooning degenerations, necrotic hepatocytes, dilation and congestion of central 

vein, pyknotic, excessive collagen deposition with disturbed epithelium (Figure 4.12).  

Pre-treatment with AHE succeeded in keeping the normal lobular architecture 

of hepatocytes and ameliorated the hepatic injuries, the highest improvements in 

lobular steatosis, necro-inflammatory alterations and fibrosis, decrease in collagen 

deposition, normal appearance of central vein, diminished lobular dilations and 

vacuolization while high magnitude of protection was noticed. AHE post-treatment 

group showed less protection as compared to pre-treatment group in maintaining the 

normal hepatic morphology and steatosis, necrosis and inflammatory cell infiltrations 

were obvious, however the severity of hepatic injury was markedly low in comparison 

to CP alone treated group. AHE pre-treatment provided similar level of protection as 

reference drug silymarin against CP deterioration. The histological observations were 

supporting the serological findings as well as biochemical studies in respect of 

oxidative stress and antioxidant status. 
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Table 4:21: Effect of cisplatin and/or AHE treatment on body weight of rats  

Group                          Body weight (g) 

Initial Final 

Control 218.3±0.882 259.7±0.667
b
 

CP 220.0±0.577 226.3± 0.66
a
 

AHE alone 218.0±0.577 258.3±0.667
b
 

CP+AHE 220.3±0.881 244.0±0.577
a,b

 

AHE+CP 219.0±0.576 254.7±0.881
a,b,c

 

CP+Sily  218.7±0.667 253.7±0.667
a,b

 

Data expressed as mean±SEM (n=6). a: significant difference of final body weight of 

group Vs. Control group at p < 0.001, b: significant difference of final body weight of 

group Vs. Cp-treated group at p < 0.001, c: significant difference of final body weight 

of AHE+CP pre-treated group Vs. CP+AHE post-treated group at p < 0.001. Sily; 

Silymarin. 

 

Table 4:22: Effect of cisplatin and/or AHE treatment on organ weight of rats 

 Group Organ  weights  (g) 

Liver Kidneys Lungs Testes Heart 

Control 5.42±0.05
b
 2.00±0.03

b*
 0.90±0.01

b*
 1.263±0.015

b*
 0.692±0.03

b*
 

CP 5.11±0.07
a
 1.80±0.11

a*
 0.70±0.03

a*
 1.063±0.010

a*
 0.502±0.16

a*
 

AHE alone 5.41±0.061
b
 2.00±0.03

b*
 0.901±0.012

b*
 1.262±0.021

b*
 0.693±0.025

b*
 

CP+AHE 5.29±0.03 1.87±0.03 0.769±0.021 1.235±0.031 0.582±0.01 

AHE+CP 5.39±0.02
b
 1.99±0.035

b*
 0.895±0.024b

*
 1.258±0.025

b*
 0.699±0.024

b*
 

CP + Sily  5.38±0.05
b
 1.985±0.05

b*
 0.897±0.031

b*
 1.253±0.04

b*
 0.696±0.019

b*
 

Data expressed as mean±SEM (n=6). a: significant difference of organ weight of 

group Vs. Control group at p < 0.001, b: significant difference of organ weight of 

group Vs. CP-treated group at p < 0.001. Alphabets with 
* 

or
 **

 indicates significant 

difference at p < 0.05 and p < 0.001 respectively. Non-significant difference (p > 

0.05) was recorded between control and AHE alone treated group in all parameters. 

Absence of alphabet indicates non-significant difference of respective group (Two-

way ANOVA followed by Bonferroni multiple comparison tests). Sily; Silymarin 
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Table 4:23: Effect of cisplatin (CP) and different treatments of AHE on lipid profile 

Group Total 

cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Triglycerides 

(mg/dl) 

Control 76.50±0.29
 b
 25.17±0.44

b
 48.62±0.23

b
 70.50±1.04

b
 

CP 95.63±0.32
 a
 20.30±0.36

a
 165.4±0.32

a
 92.83±0.60

a
 

AHE alone 76.13±0.19
 b
 25.33±0.33

b
 48.57±0.20

b
 70.33±0.67

b
 

CP+AHE 90.33±0.33
 a, b, d

 20.83±0.44
a, d**

 144.0±0.58
a, b

 84.67±0.67
a, b, d

 

AHE+CP 79.83±0.44
 a, b, c

 24.03±0.15
b, c**

 59.67±0.33
a, b

 76.30±0.35
a, b, c

 

CP+Sily  78.67±0.33
 a**, b

 24.17±0.61
b
 58.43±0.22

a, b
 73.50±0.50

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at  p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group.
 **

: Significant difference p < 

0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). Sily; Silymarin. 

 

Table 4:24: Effect of cisplatin (CP) and different treatments of AHE on liver 

biomarkers in serum 

Group ALT 

(U/l) 

AST 

(U/l) 

ALP 

(U/l) 

LDH 

(U/l) 

Control 44.63±0.49
 b
 72.83±0.12

b
 120.7±0.33 

b
 70.50±1.04

b
 

CP 138.3±0.29
a
 192.4±0.35

a
 350.0±0.58

 a
 92.83±0.60

a
 

AHE alone 44.57±0.23
b
 72.63±0.19

 b
 120.9±0.21

b
 70.33±0.67

b
 

CP+AHE 101.8±0.28
a, b, d

 140.4±0.30
 a, b, d

 299.2±0.42
a, b, d

 84.67±0.67
a, b, d

 

AHE+CP 46.60±0.31
a, b, c

 75.97±0.55
a, b, c

 135.8±0.28
a, b, c

 76.30±0.35
a, b, c

 

CP + Sily  47.17±0.17
a**, b

 75.53±0.53
 a, b

 134.0±0.55
a, b

 73.50±0.50
b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
**

: Significant difference at p 

< 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests) 
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Table 4:25: Effect of cisplatin (CP) and different treatments of AHE on serum total 

bilirubin and direct bilirubin profile 

Group Total Serum Bilirubin 

     (TSB) (mg/dl) 

Direct Bilirubin 

  (DB) (mg/dl) 

Control 0.92±0.015
b
 0.303±0.037

b
 

CP 1.843±0.019
a
 0.543±0.018

a
 

AHE alone 0.917±0.013
b
 0.30±0.036

 b
 

CP+AHE 1.62±0.023
a, b,d

 0.507±0.017 
a**, b,d*

 

AHE+CP 1.197±0.03
a, b,c

 0.35±0.022
 b,c*

 

CP+Sily  1.177±0.015
a, b

 0.35±0.020
 b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests)
 

 

Table 4:26: Effect of cisplatin (CP) and different treatments of AHE on liver tissue 

antioxidant enzymes 

Group  POD 

(U/min) 

 SOD 

(U/mg 

protein) 

CAT 

(U/min) 

QR 

(nM/min/mg  

protein) 

Control 13.40±0.23
b
 1.55±0.06

b
 24.02±0.08

 b
 104.8±1.01

b
 

CP 7.23±0.39
a
 0.39±0.03

a
 12.80±0.05

 a
 67.8±0.88

 a
 

AHE alone 13.09±0.27
b
 1.55±0.08

b
 24.03±0.03

 b
 104.7±1.07

 b
 

CP+AHE 9.21±0.29
ab*,d

 1.08±0.05
a, b

 14.70±0.06
 a, b, d

 82.2±0.89
 a, b,d

 

AHE+CP 12.50±0.66
b, c**

 1.30±0.03
a*, b

 20.37±0.08
 a, b, c

 95.3±0.65
 a, b, c

 

CP+Sily  12.57±0.44
b
 1.31±0.04

a*, b
 20.66±0.04

 ab
 95.9±1.26

 a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 
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Table 4:27: Effect of cisplatin (CP) and different treatments of AHE on liver tissue 

antioxidant enzymes and GSH profile 

Group  GSH 

(µM/g 

tissue) 

GR 

(nM/min/mg 

protein) 

GST 

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

Protein) 

GPx 

(nM/min/mg 

Protein) 

Control 19.61±0.28
 b
 163.6±0.65

 b
 142.6±0.57

 b
 336.2±0.56

 b
 139.5±1.16

 b
 

CP 10.08±0.28
 a
 103.9±0.65

 a
 101.4±0.84

 a
 143.6±1.44

 a
 90.53±1.71

 a
 

AHE alone 20.11±0.16
 b
 164.2±0.68

 b
 142.7±0.89

 b
 336.3±1.0

 b
 139.8±0.36

 b
 

CP+AHE 12.83±0.21
a,b d

 122.8±0.65
a,b,d

 122.1±0.87
a,b,d

 215.3±1.85
a,b,d

 108.6±1.25
 a,b

 

AHE+CP 18.38±0.29
a*,b, c

 145.5±0.58
a,b,c

 135.3±0.77
a,b, c

 310.4±0.6
 a,b,c

 128.6±1.74
 a,b

 

CP+Sily  18.34±0.11
a*,b

 148.7±1.09
 a, b

 130.0±0.92
 a, b

 309.5±0.69
 a, b

 131.8±1.28
 a,b

 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
: Significant difference at p < 

0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests) 

 

Table 4:28: Effect of cisplatin (CP) and different treatments of AHE on liver tissue 

protein, H2O2, nitrite content and lipid peroxidation 

Group  Protein 

(µg/mg 

Tissue) 

H2O2 

(nM/min/mg 

Tissue) 

Nitrite (NO) 

(content 

µM/ml) 

MDA 

(nM/min/mg 

protein) 

Control 4.66±0.05
b
 1.97±0.06

b
 34.77±1.32

b
 3.5±0.156

b
 

CP 1.19±0.05
a
 5.39±0.256

a
 90.41±1.28

a
 8.97±0.337

a
 

AHE alone 4.67±0.15
b
 1.32±0.06

b
 36.24±0.96

b
 3.153±0.087

 b
 

CP+AHE 3.25±0.13
a,b,d**

 4.325±0.198
a,b**,d

 71.48±1.86
a,b,d

 6.11±0.504
a,b, d*

 

AHE+CP 3.92±0.04
a**,b, c**

 2.38±0.189
b,c

 41.09±0.69
a*,b,c

 4.84±0.06
a*,b,c*

 

CP + Sily  3.93±0.11
a**,b

 2.39±0.037
b
 40.98±1.38

a*,b
 4.90±0.107

a*,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 
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Figure 4.12: Histopathological effect of Cisplatin and protective effect of AHE in rat 

liver. (H&E staining, magnification 40X). Group 1: Liver section from control rats 

showing normal liver morphology.  Group 2: CP-treated rat liver showing enhanced 

cellular lesions, loss of hepatic tissue structure arrangement and collection of 

inflammatory cells. Group 3: Represents liver section from AHE alone treated rat 

liver.  Group 4: AHE post-treatment showed low density of cellular lesions. Group 5: 

AHE Pre-treatment results in significant protection against CP induced hepatic injury. 

Group 6: Showed protective effect of Silymarin treatment. AHE, A. hydaspica ethyl 

acetate fraction, CP-Cisplatin, HPC-Hepatocytes, CV-Central venule, MCI-

Monocytes nuclear cells infiltrations, D&C-Dilation and congestion, FC & B- Fatty 

changes and ballooning, DLS- Degeneration of lobular shape, S-Sinosides, N-

necrosis. 
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 Protective effect of AHE against CP induced nephrotoxicity 4.12

Cisplatin (CP) treatment is associated with serious side effects; including 

nephrotoxicity. The precise mechanism of CP induced kidney impairment is still not 

completely clarified. However enhanced production of ROS, oxidative stress, 

impaired glutathione metabolism, variations in the mitochondrial antioxidant enzymes 

such as superoxide dismutase (SOD), catalase (CAT), reduces glutathione (GSH) and 

intensification in lipid peroxidation are the most acceptable reasons underlying CP-

persuaded injuriousness. 

The effect of AHE on the oxidative stress, biochemical and 

histomorphological variations in CP-persuaded nephrotoxicity was studied by urine 

analysis, renal functions tests in serum, antioxidant enzymes of renal tissue, oxidative 

stress markers and lipid peroxidation inhibition potential and histopathological 

examination. The biochemical tests, alterations in enzymatic antioxidants and 

oxidative stress pattern in treatment different groups were validated by renal 

histopathological analysis of respective groups. The results obtained in various 

analyses were described below. 

4.12.1 Urine analysis 

Urine profile was evaluated to analyze the kidney function of animals used in 

different treatment groups. The protective effect of AHE against CP-incited 

alterations in the kidney function markers in the urine are shown in Table 4.29 and 

4.30. Levels of urinary indicators of renal damage viz; urine specific gravity, RBCs, 

WBCs and concentration of urea raised significantly (p < 0.0001) while, urine PH was 

dropped significantly (p < 0.0001) in the CP intoxication group in comparison to 

normal control rats. Administration of AHE before and after CP treatment markedly 

improved kidney function by significantly (p < 0.001) attenuating the above 

parameters of urine. Pre-treatment of rats before CP intoxication restored the levels of 

PH, specific gravity, WBCs and concentration of urea to that of control  group, 

whereas counts of RBCs in the urine were recorded significantly (p < 0.0001) higher 

in comparison to control and CP alone treated groups.  

 Effect of AHE against CP intoxication on urinary creatinine, creatinine 

clearance, urinary albumin and urinary protein excretion of different treatment groups 

are summarized in Table 4.30. Innoculation of CP significantly (p < 0.0001) raised the 
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level of urinary creatinine, albumin and increase urinary protein excretion and 

reduced (p < 0.0001) the potency of creatinine clearance as compared to control 

group. AHE administration both after and before CP treatment attenuated the CP 

intoxication by significantly restoring the above parameters compared to CP alone 

treated group. Comparatively, most significant (p < 0.0001) ameliorating effects were 

recorded with AHE pre-treatment in comparison to post-treatment group, and the 

values were non-significantly different from silymarin treated group and the levels of 

creatinine and creatinine clearance restored to that of control group, however urinary 

albumin and protein content was significantly (p < 0.05 and p < 0.0001, respectively) 

different in contrast to control group. 

The urine profile of AHE pre-treatment group showed non-significant 

difference in comparison to standard reference drug silymarin. Results indicated that 

post-treatment appears to be less effective (p < 0.0001) in restoring the urine profile in 

comparison to administration of AHE before CP injection. AHE alone treated group 

did not induce significant difference in urine profile in comparison to normal control 

rats. 

4.12.2 Effect of AHE on serum kidney function tests 

Serum profile provides an indication of proper kidney function. Serum 

creatinine, urea, uric acid and BUN levels determine the glomerular filtration rate and 

were considered as functional nephrotoxicity indices. CP induced nephrotoxicity was 

apparent from the elevated (p < 0.0001) amounts of serum urea, creatinine, nitrite 

content, uric acid and BUN, while serum albumin, protein and globulin were 

considerable (p < 0.0001) decreased in comparison to control group (Table 4.31 & 

4.32). Both pre- and post-treatment groups ameliorated the toxic effect of CP by 

markedly (p < 0.001) improving the serum urea, uric acid, creatinine, BUN, nitrite 

content, albumin, protein and globulin profile when matched to CP-alone treated 

group. However, significant (p < 0.0001) restoration in the levels of the above 

mentioned parameters was noticed in AHE pre-treatment group as compared to post-

treatment groups. In AHE pre-treatment group levels of serum globulins, albumin and 

uric acid restored to the level of control group and non-significant, while serum 

protein, BUN, nitrite content, creatinine and urea remain significantly different from 

control group. AHE alone treatment group showed non-significant difference in 
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serum parameters in comparison with control group corroborating with non-toxic 

effect of selected dose.  

4.12.3 Protective effect of AHE on kidney antioxidant status 

Antioxidant enzymes are repressed by cisplatin and renal activities of catalase, 

superoxide dismutase and glutathione are extensively attenuated. The reactive oxygen 

species (ROS) action directly on the cell components including; lipids, proteins, DNA 

and obliterate their structures. Nephrotoxicity is mediated by a poor antioxidant 

defense system and generation of ROS; hence assessment of the antioxidant enzyme 

status of kidney tissue is performed for the analysis of CP induced alterations in 

various enzymatic antioxidants and treatment effectiveness. Table 4.33 exhibited the 

changes in the antioxidant enzymes for instance, CAT, POD, SOD and QR in the 

various treatment groups of rats. Single intraperitoneal (i.p.) intervention of CP 

induced a noteworthy (p < 0.0001) deterioration in CAT, POD, SOD and QR enzyme 

profile. AHE significantly (p < 0.0001) recovered the activity level of these enzymes 

in post-treated and pre-treated rats in comparison to CP alone treated rats. Results 

showed that pre-treatment with AHE showed marked elevation of POD (p < 0.05), 

SOD, CAT and QR (p < 0.0001) as compared to AHE post- treatment, indicating that 

presence of AHE before the CP intoxication provided better protection as compared to 

its administration after the injury. Level of activity of SOD in pre-treatment group 

restored to the extent of control group and non-significant difference in above 

mentioned parameters was recorded with standard drug silymarin. Oral administration 

of AHE alone showed no statistical variance in comparison to control group. 

Table 4.34 showed the protected effect of various treatments of AHE on CP 

induced alterations in the activity of GSH, GR, GST, γ-GT and GPx. CP-treated rats 

showed significant (p < 0.0001) decrease in renal antioxidant enzyme activities viz; 

GSH, GR, GST, γ-GT and GPx in comparison with control group. The presence of 

AHE before or after CP intoxication significantly (p < 0.001) enhanced the activities 

of antioxidant enzymes as compared to CP-treated rats. The AHE pre-treatment 

resulted in significant (p < 0.0001) restoration and normalization of above mentioned 

antioxidant enzymes as compared to AHE post-treatment group. The activity levels of 

GSH, GR, GST, γ-GT and GPx showed non-significant difference in AHE pre-

treatment and standard drug silymarin treated groups. Glutathione depletion is one of 
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main causes of CP induced nephrotoxicity and present results showed that AHE pre-

treatment restored the GSH to normal control values, while level of activity of GR, 

GST, γ-GT and GPx showed significant difference in contrast to the control group. 

AHE showed non-significant difference in activity of above described enzymes when 

compared to the control group. 

4.12.4 Protective effect of AHE on oxidative stress markers  

Oxidative disturbance has been taken as one of the primary reasons of CP 

persuaded organ injury. Protective influence of AHE against CP incited renal 

oxidative distress was measured by checking the level of H2O2, nitrite content and 

MDA. Table 4.35 reveals the profile of tissue soluble protein, H2O2, nitrite content 

and MDA level in various treatments groups. CP induced oxidative stress was evident 

by markedly (p < 0.0001) increase levels of H2O2, nitrite and MDA products  in the 

tissues of animals that receive CP alone as compared to control group. These changes 

in tissue soluble protein, H2O2, nitrite content and lipid peroxidation product (MDA) 

formation were significantly (p < 0.0001) attenuated by AHE post and pre-treatment 

groups as compared to CP alone treated group. Pre-treatment of rats with oral 

administration of AHE for 16 days and 5 days after CP injections seems to be more 

pronunced in revering the decrease in tissue soluble protein content, lipid peroxidation 

(MDA) and oxidative stress marker (H2O2, NO) levels as compared to 5 days of post-

treatment. In pre-treatment group tissue soluble protein content, nitrite content (NO) 

and MDA level were reversed completely and showed non-significant difference in 

comparison to control group while, H2O2  level remained significantly higher as 

compared to control. Moreover the pre-treatment group showed similar effects to 

standard drug silymarin treated group. 

These findings point out the potential of AHE to recover or stabilize the renal 

functions by means of an increase in the antioxidant influence and diminishing lipid 

peroxidation levels via quenching the free radicals, in addition cumulating 

intracellular concentration of glutathione and other phase I and phase II antioxidant 

enzymes. 
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4.12.5 Histopathology assessment of kidney 

Renal histopathological alterations in different treatment groups are shown in 

Figure 4.13. Normal histology of rat kidneys (glomeruli structure encapsulated in 

Bowman’s capsule, tubules, interstitium and blood vessels) was found in the control 

and AHE alone treated groups (Figure 4.13). After inoculation of single dose of CP 

(7.5 mg/kg, i.p.), CP-treated group exhibited severe renal damages, tubular necrosis, 

remarkable vacuolization, dilatation of Bowman’s capsule, glomerular atrophy, 

disintegration of the tubular epithelium, inflammatory cell infiltration, pyknotic 

nuclei, proteinaceous casts in renal tubules, deterioration, necrosis and detachment of 

the proximal tubular epithelial cell lining, shedding of the apical microvilli and lost 

cellular details. The kidney of rats treated with AHE (Post and pre-treatment) to CP 

revealed less histological damage in renal corpuscles and renal tubules. Mild tubular 

degeneration with luminal dilatation and inflammatory cell infiltration were seen 

within the renal cortex of post-treatment group, while pre-treatment showed normal 

appearance of glomeruli and bowman’s capsule, only some of the glomeruli appears 

degenerated, no inflammatory cell infiltrations, cellular structure appears normal with 

no proteinacious cast observed.  

Morphological studies make evident that the renal tubule systems is the site of 

maximum cisplatin damage while a direct protective effect of AHE was apparent in 

the tubule system. AHE post-treatment produced less pronounced effects and mild 

dilated tubules were seen while pre-treatment with AHE improved the explicited 

changes provoked by CP. Silyamrin was used as a reference drug which showed 

protective effects against CP induced renal deteriorations. Silymarin pre-treatment 

reversed the CP induced pathogenesis, relative to AHE pre-treatment and control 

groups. The histopathological changes confirmed the biochemical findings. 
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Table 4:29: Effect of cisplatin (CP) and different treatments of AHE on urine profile 

Group  PH Specific 

Gravity 

RBC/µl WBC/µl Urea 

(mg/dl) 

Control 7.11±0.05 
b
 1.042±0.011

 b
 0.045±0.011

 b 
15.83±0.29

 b
 12.77±0.589

b
 

CP 6.033±0.039
 a
 1.489±0.025

 a
 13.12±0.044

 a 
76.53±0.32

 a
 41.07±0.636

a
 

AHE alone 7.107±0.029 
b
 1.041±0.012 

b
 0.046±0.011

b
 15.77±0.23

 b
 12.57±0.484

b
 

CP+AHE  6.270±0.05
a,b**,d

 1.397±0.033
a,b,d

 12.28±0.038
a,b,d 

65.57±0.34
a,b, d

 33.47±0.48
a,b, d

 

AHE+CP  7.037±0.029 
b, c

 1.076±0.02 
b, c

 0.626±0.023
a,b, c 

16.10±0.31
 b, c

 14.67±0.405
b, c

 

CP+Sily  7.083±0.032
 b
 1.05±0.015

 b
 0.61±0.012

 a,b 
16.03±0.32

 b
 14.40±0.305

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests) 

 

Table 4:30: Effect of cisplatin (CP) and different treatments of AHE on urine 

creatinine, creatinine clearance, albumin and urinary proteins 

Group  Creatinine 

(mg/dl) 

Creatinine 

clearance 

(ml/min) 

Albumin 

(mg/dl) 

Urinary 

Protein (mg/dl) 

Control 0.403±0.055
b
 0.825±0.064

 b**
 7.34±0.171

b
 23.29±0.76

  b
 

CP 1.407±0.023
a
 0.409±0.062

 a**
 15.9±0.458

a
 53.91±0.482

 a
 

AHE alone 0.401±0.055
b
 0.826±0.065

 b**
 7.28±0.140

b
 23.29±0.025 

b
 

CP+AHE 1.130±0.091
a, b*, d

 0.533±0.059 13.7±0.321
a,b**,d

 45.72±0.434 
a,b, d

 

AHE+CP 0.511±0.038 
b, c

 0.760±0.079
 b*

 8.87±0.333
a*,b, c

 27.17±0.029 
a,b, c

 

CP+Sily  0.501±0.039 
b
 0.756±0.077

 b*
 8.80±0.20

 a*,b
 27.82±0.298

a, b 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests) 
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Table 4:31: Effect of cisplatin (CP) and different treatments of AHE on serum protein, 

albumin, globulin, BUN, serum nitrite profile 

Group  Serum 

proteins 

(mg/dl) 

Albumin 

(mg/dl) 

Globulin 

(mg/dl) 

BUN 

(mg/dl) 

Serum nitrite 

µM/ml 

Control 78.06±0.36
b
 19.7±0.89

b
 58.36±1.25

b
 9.167±0.15

b 
41.5±0.76

b
 

CP 39.25±0.43
a
 9.6±0.80

a
 29.65±0.623

a
 23.13±0.47

a 
81.67±0.88

a
 

AHE alone 79.06±0.55
b
 19.93±0.64

 b
 55.52±0.486

b
 20.17±0.44

b 
41.2±0.61

b
 

CP+AHE 45.72±0.43
a,b,d

 12.53±0.26
 a,b*,d

 33.18±0.67
a,d

 13.03±0.58
a,b**,d 

73.17±0.83
a,b, d

 

AHE+CP 73.32±0.44
a,b,c

 17.8±0.153
b,c

 59.12±1.08
b, c

 9.133±0.17
a,b, c 

48.3±0.91
a**,b, c

 

CP+Sily  73.97±0.29
a,b

 17.93±0.26
b
 56.04±0.092

b
 12.87±0.32

a,b 
47.73±1.2

a**,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests) 

 

Table 4:32: Effect of cisplatin (CP) and different treatments of AHE on serum 

creatinine, urea and uric acid profile 

Group  Serum creatinine 

(mg/dl) 

Urea 

(mg/dl) 

Uric acid 

(mg/dl) 

Control 78.06±0.36 
b
 24.03±0.55

b
 0.407±0.0426

b
 

CP 39.25±0.43 
a
 69.13±0.47

a
 0.8067±0.023

a
 

AHE alone 79.06±0.55 
b
 30.03±0.55

b
 0.4033±0.044

b
 

CP+AHE 45.72±0.43 
a,b. d

 62.60±1.56
a,b**,d

 0.76±0.021 
a, d**

 

AHE+CP 73.32±0.44 
a, b, c

 30.27±0.73
a**,b, c

 0.48±0.038 
b, c**

 

CP+Sily  73.97±0.29 
a, b

 23.73±0.86
a**,b

 0.477±0.041
b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
**

: Significant difference at p 

< 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests) 
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Table 4:33: Effect of cisplatin (CP) and different treatments of AHE on Kidney tissue 

antioxidant status 

Group  POD 

(U/min) 

SOD 

(U/mg  

protein) 

CAT 

(U/min) 

QR 

(nM/min/mg  

protein) 

Control 10.85±0.15
b
 1.752±0.059

b
 35.5±0.289 

b
 93.49±0.526

b
 

CP 6.1±0.058
a
 0.4069±0.024

a
 17.45±0.252 

a
 58.25±0.749

a
 

AHE alone 11.3±0.185
b
 1.778±0.066

b
 35.93±0.479 

b
 93.84±0.14

b
 

CP+AHE 9.01±0.115
a,b,d**

 1.026±0.04
a,b, d

 21.93±0.173 
a,b,d

 65.94±0.677
a,b,d

 

AHE+CP 9.7±0.058
a,b, c*

 1.572±0.055
b, c

 31.78±0.129 
a,b,c

 85.78±0.229
a,b,c

 

CP+Sily  9.89±0.055
a,b

 1.584±0.06
b
 30.93±0.35 

a,b
 85.98±0.53

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 

 

Table 4:34: Effect of cisplatin (CP) and different treatments of AHE on Kidney tissue 

antioxidant enzymes and GSH profile 

Group  GSH 

(µM/g 

tissue) 

GR 

(nM/min/mg 

protein) 

GST 

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

Protein) 

GPx 

(nM/min/mg 

Protein) 

Control 17.41±0.53
b
 150.4±0.73

b
 139.3±0.35

b
 394.4±1.25

b
 129.7±1.3 

b
 

CP 10.01±0.33
a
 98.52±0.82

a
 97.29±0.64

a
 106.0±1.17

a
 71.88±0.825 

a
 

AHE 

alone 

18.38±0.67
b
 150.6±0.41

b
 139.5±0.44

b
 394.8±1.38

b
 130.1±1.10 

b
 

CP+AHE 13.24±0.62
a**,b**,d*

 120.7±2.3
 a,b,d

 116.6±0.61
a,b,d

 217.3±1.36
a,b, d

 85.80±1.23 
a,b,d

 

AHE+CP  16.01±0.58
b,c*

 140.4±0.38
a,b,c

 132.7±0.87
a,b, d

 367.4±0.98
a,b,c

 120.7±1.06 
a**,b, c

 

CP+Sily  16.12±0.27
b
 139.1±1.48

a,b
 132.5±1.03

a,b
 366.5±1.38

a,b
 120.3±1.31 

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 
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Table 4:35: Effect of cisplatin (CP) and different treatments of AHE on kidney tissue 

protein, oxidative markers and lipid peroxidation 

Group  Protein 

(µg/mg 

Tissue) 

H2O2 

(nM/min/mg 

Tissue) 

Nitrite 

(content 

µM/ml) 

MDA 

(nM/min/mg 

protein) 

Control 2.53±0.056
b
 1.743±0.038

b
 47.84±1.167

b
 5.026±0.301

b
 

CP 0.565±0.176
a
 4.366±0.029

a
 86.41±1.381

a
 11.19±0.659

a
 

AHE alone 2.47±0.019
b
 1.707±0.013

b
 45.46±1.302

b
 5.01±0.1832

b
 

CP+AHE 1.425±0.114
a,b,d

 3.478±0.026
a,b,d

 70.67±1.180
a,b,d

 9.40±0.7349
a,d*

 

AHE+CP 2.183±0.063
b, c**

 1.968±0.048
a*,b,c

 51.37±1.589
b, c

 6.86±0.2638
b,c*

 

CP+Sily  2.199±0.052
b
 1.996±0.07

 a*,b
 49.74±1.272

b
 6.22±0.2167

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            164 

 

 

Figure 4.13: Histopathological effect of Cisplatin and protective effect of AHE in rat 

kidney (H&E staining, magnification 40X). Group 1: Renal section from control rats 

showing normal kidney morphology.  Group 2: renal sections from CP-treated rats 

reveal degenerative changes, atrophy, capsule distortion and inflammatory cells. 

Group 3: Represents renal section from AHE alone treated rats.  Group 4: AHE post 

treatment showed tubular dilation and cellular infiltrations. Group 5: AHE Pre-

treatment results in significant protection against CP induced renal injury. Group 6: 

Showed protective effect of Silymarin treatment. AHE, A. hydaspica ethyl acetate 

fraction, CP-Cisplatin, GC-Glomerular capsule, BS-Bowman’s space, T- Tubules, CI- 

Cellular infiltrations, ABS-alteration in Bowman’s space, TD-Tubule dilation, CD- 

Capsule distortion, VC-vascular congestions, V- vacuolization. 
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 Protective effect of AHE against cisplatin induced pulmonary toxicity 4.13

The lung has significant susceptibility to injury from a variety of 

chemotherapeutic agents. In order to identify CP as a pulmonary toxin, it was 

essential to examine the effect of CP administration on pulmonary tissues. The 

biomarkers examined for evaluation of pulmonary toxicity were antioxidant enzyme 

status, oxidative stress markers, lipid peroxidation and histopathological analysis of 

lung tissue. 

4.13.1 Protective effect of AHE on pulmonary enzymatic antioxidant status 

A disproportion between antioxidants and oxidants (oxidative disturbance) has 

been regarded as a leading cause in the pathogenesis of lung diseases. The lung has 

heavy reliance on enzymatic antioxidants i.e., Catalase (CAT), superoxide dismutase 

(SOD), and glutathione peroxidase (GPx). Superoxide is the primary reactive oxygen 

species (ROS) created from a variety of sources and SOD (phase I antioxidant enzyme) 

causes the dismutation of superoxide to hydrogen peroxide (H2O2) and oxygen (O2), 

while CAT/POD convert H2O2 to water. The protective effect of various treatments of 

AHE against CP induced alterations in POD, SOD, CAT and QR, are shown in the 

Table 4.36. CP inoculation markedly (p < 0.0001) declined the tissue levels of SOD, 

POD, CAT and QR. Post and pre-treatment of AHE significantly attenuated the 

suppressed enzyme activity in CP injected groups as compared to the only CP treated 

group. Post-treatment with AHE did not enhance the activity of POD enzyme when 

compared to CP alone treated group while, significant increase in activity of SOD, 

CAT and QR was noticed. The Pre-treatment of rats with AHE before CP intoxication 

seems to be more effective in restoring the above mention enzymes levels as compared 

to post-treatment group. The level of activity of POD, SOD, CAT and QR in AHE pre-

treatment group showed non-significant change when compared to silymarin treated 

group, however, post-treatment showed significant (p < 0.001) change in potency 

level. In AHE pre-treatment group the level of POD and SOD exhibited non-

significant difference, while CAT and QR level remain significantly (p < 0.0001) 

different in comparison to control values. 

Table 4.37 shows the protective effect of AHE against CP-induced 

deterioration on GSH, GR, GST, γ-GT and GPx profile in pulmonary tissues. Cisplatin 

single dose significantly decreased the levels of phase II antioxidant enzymes in 
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comparison to control. Data indicates that AHE pre-treatment and silymarin 

completely restored the GSH levels similar to control. Pre administration of AHE 

before CP intoxication bring about more significant (p < 0.001) augmentation in GSH, 

GR, GST, γ-GT and GPx levels as compared to AHE post administration, indicating 

the protective effect of AHE against CP induced deteriorations. The protective effect 

of AHE pre-treatment against CP provoked pulmonary toxicity was comparable to 

silymarin. AHE when orally administered alone, showed non-significant change in the 

level of above mentioned antioxidant enzymes compared to control. The protective 

effect of AHE may be mediated via modulation of enzyme systems via reducing the 

generation of free radicals. 

4.13.2 Protective effect of AHE against CP induced oxidative stress and lipid 

peroxidation 

Oxidative stress owing to shift in the balance between oxidants and 

antioxidants in support of oxidants via decreasing the antioxidant capacity. H2O2 and 

nitrite (NO) level are considered to be an important indicator of oxidative stress. 

Malonyldialdehyde (MDA) is being one of the overwhelming products resulting from 

lipid peroxidation with recognized effect on the level of the human genome and is 

considered as clastogenic and genotoxic agent. Hence the amount of MDA in the 

biological sample can be measured as a sign of increased lipid peroxidation, therefore, 

an indicator of oxidative injury in vivo. The effect of AHE and CP on lung tissue 

protein, H2O2, NO and lipid peroxidation product (MDA) formation is given in the 

Table 4.38. Protein content in CP alone treated group decreased significantly; AHE 

post and pre-treatments ameliorated the toxic effect of CP, and enhanced its content 

significantly as compared to CP alone treated group. AHE pre-treatment restored the 

protein content relative to the control group, and enhanced (p < 0.001) protein content 

relative to AHE post-treatment group. 

The oxidative stress markers (H2O2 and NO) were significantly raised in the 

CP treated group which were decreased significantly by AHE treatments, but similar to 

other parameters; oxidative stress markers were also decreased markedly (p < 0.0001) 

with AHE pre-treatment. Similarly the MDA level was increased significantly (p < 

0.0001) by CP treatment and diminished considerably (p < 0.001 and p < 0.0001) by 

both AHE post and Pre-treatments respectively, while pre-treatment was recorded to 
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be more significant (p < 0.0001) in reducing the lipid peroxidation compared to post 

treatment group. AHE pre-treatment minimized the MDA content and the levels were 

similar to that of control and silymarin treated group. AHE treatment alone at 400 

mg/kg b.w showed no alteration in protein content, oxidative stress markers and lipid 

peroxidation when compared to control. 

4.13.3 Histopathology assessment of lungs 

Pulmonary sections of control and AHE alone treated rats revealed the 

archetypal lung morphology with distinct alveolar septum, alveolar bronchioles, 

normal pear shape Clara cells, fibroblast, and type I and type II pneumocytes (Figure 

4.14). CP treatment induced severe degenerations including inflammatory cell 

infiltrations, alterations in alveolar septum, disruption of connective tissue and elastic 

fibers, blood vessel congestion, pulmonary edema, disorganized inner epithelium of 

alveolar bronchioles, fibroblast aggregations and interstitial hemorrhages (Figure 

4.14). Pre-treatment of AHE and silymarin before CP intoxication protect the 

pulmonary tissue against the side effects, and preserve morphology toward the control 

group. Administration of AHE after CP intoxication showed less protection as 

compared to its administration before the CP induced damage Pre-treatment of AHE 

and silymarin before CP intoxication prevented the pulmonary tissue from the side 

effects, and preserved morphology toward the control group. The histopathological 

outcomes were in conformity with the results of pulmonary antioxidant enzymes, 

oxidative stress and lipid peroxidation status. 
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Table 4:36: Effect of cisplatin (CP) and different treatments of AHE on lung tissue 

antioxidant enzymes 

Group  POD 

(U/min) 

SOD 

(U/mg protein) 

CAT 

(U/min) 

QR 

(nM/min/mg 

protein) 

Control 9.56±0.635
b
 1.366±0.038

b
 18.48±0.058

b
 128.2±0.81

b
 

CP 5.03±0.271
a
 0.765±0.019

a
 10.83±0.049

a
 83.99±0.486

a
 

AHE alone 10.29±0.314
b
 1.358±0.058

b
 18.57±0.057

b
 128.9±0.179

b
 

CP+AHE 6.22±0.128
a, d

 0.982±0.035
a,b*,d**

 14.15±0.083
a,b, d

 98.82±1.232
a.b, d

 

AHE+CP 9.18±0.185
b, c

 1.255±0.038
b,c**

 17.07±0.026
a,b, c

 119.5±1.283
a,b, c

 

CP+Sily  9.20±0.208
b
 1.262±0.021

b
 17.14±0.081

a
,
b
 119.9±1.008

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests) 

 

Table 4:37: Effect of cisplatin (CP) and different treatments of AHE on lungs tissue 

antioxidant enzymes and GSH profile 

Group  GSH 

(µM/g 

tissue) 

GR 

(nM/min/mg 

protein) 

GST 

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

Protein) 

GPx 

(nM/min/mg 

Protein) 

Control 16.12±0.578
b
 143.7±1.342

b
 98.85±0.918

b
 295.4±1.113

b
 107.4±0.730

b
 

CP 8.334±0.356
a
 98.02±0.619

a
 68.17±0.962

a
 82.82±0.958

a
 54.08±0.909

a
 

AHE alone 6.38±0.207
b
 144.0±1.492

b
 99.79±1.865

 b
 295.6±0.599

b
 108.8±1.216

b
 

CP+AHE 11.99±0.305
a,b, d

 116.9±0.813
a,b,d

 78.34±1.076
a,b**,d**

 137.8±1.017
a,b,d

 71.28.8±0.501
a,b,c

 

AHE+CP 15.63±0.532
b, c

 135.0±0.393
 a,b,c

 89.65±1.49
 a**,b,c

 261.4±0.802
a,b,c

 92.78±1.216
a,b,c

 

CP+Sily  15.29±0.312
b
 133.8±1.25

 a,b
 87.60±1.644

a,b
 264.3±1.067

a,b
 95.64±1.573

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests) 

 

 

 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            169 

 

Table 4:38: Effect of cisplatin (CP) and different treatments of AHE on lung tissue 

protein, oxidative stress markers and lipid peroxidation 

Group  Protein 

(µg/mg 

Tissue) 

H2O2 

(nM/min/mg 

Tissue) 

Nitrite 

(content 

µM/ml) 

MDA 

(nM/min/mg 

protein) 

Control 1.722±0.042
b
 2.192±0.025

b
 44.59±0.609

b
 3.66±0.265

b
 

CP 0.965±0.072
a
 5.752±0.081

a
 82.16±1.531

a
 8.649±0.403

a
 

AHE lone 1.711±0.056
b
 2.148±0.034

b
 44.26±0.385

b
 3.599±0.245

b
 

CP+AHE 1.237±0.025
a,b*,d**

 4.498±0.073
a,b,d

 68.14±0.81
a,b,d

 6.965±0.214
a,b**,d

 

AHE+CP 1.582±0.040
b,c**

 3.049±0.136
a,b,c

 50.53±0.410
a**,b,c

 4.614±0.184
b,c

 

CP+Sily  1.591±0.075
b
 2.99±0.012

a,b
 50.03±1.149

a*,b
 4.396±0.208

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests) 
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Figure 4.14: Histopathological effect of cisplatin and protective effect of AHE in rat 

Lungs. (H&E staining, magnification 40X). Group 1: Lung tissue section from control 

rats showing normal morphology.  Group 2: tissue sections from CP-treated rats show 

degenerative changes, atrophy and cellular infiltrations. Group 3: Represents lung 

section from AHE alone treated rats. Group 4: AHE Post-treatment showed mild 

disorganizations, cellular infiltrations and fibroblast aggregations. Group 5: AHE Pre-

treatment results in significant protection against CP-induced lung injury. Group 6: 

Showed protective effect of Silymarin treatment. AHE- A. hydaspica ethyl acetate 

fraction, CP-Cisplatin, Br-Bronchioles, As-Alveolar septum, CC-Clara cells, T- 

Tubules, CI- Cellular infiltrations, DBr-Disorganized bronchioles, FA- fibroblast 

aggregations, CIEL-collapsed inner epithelial cells. 
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 Protective effect of AHE against cisplatin induced testicular toxicity 4.14

Cisplatin (CP) is a platinum-derived anti-neoplastic, DNA alkylating agent 

used effectively for treatment of various cancers including testicular cancer. Despite its 

promising outcomes in alleviating testicular cancer in alliance with other drugs even at 

an advanced phase of the disease, cisplatin usage is linked with temporary or enduring 

demolition of male reproductive capability.  

To determine whether or not AHE could attenuate toxicity and oxidative stress 

in testicular tissues, this study was designed to assess the preventive role of the AHE 

extract on the biochemistry and pathology of CP-induced testicular anomalies in rats 

following treatment with cisplatin and AHE alone or in combination, using quantitative, 

biochemical and histopathological approaches. 

4.14.1 Effect of AHE against CP induced alteration in male reproductive 

hormones. 

Reproductive hormones such as testosterone, luteinizing hormone (LH) and 

follicle stimulating hormone (FSH) are considered as imperative serological markers 

for reproductive status. CP administration altered the secretion of testosterone, 

luteinizing hormone (LH) and follicle stimulating hormone (FSH), thereby affecting 

the pituitary gonadal axis. The effect of various treatments of AHE against CP 

induced reproductive hormones alterations are revealed in Table 4.39. Prior 

administration of AHE prevented pituitary, Leydig, or Sertoli cell dysfunction as 

indicated by alteration in the secretion of testosterone, LH and FSH in cisplatin alone 

treated rats. Cisplatin administration resulted in significantly (p < 0.0001) suppressed 

serum LH and FSH levels as well as noteworthy (p < 0.0001) reduction in serum 

testosterone concentration. The concomitant administration of AHE prior to CP and 

also after CP intoxication resulted in a significant (p < 0.0001) difference relative to 

animals receiving cisplatin alone, although markedly reduced hormone contents were 

recorded in comparison to control group. Pre-treatment with AHE exhibited 

analogous influence on serum hormones as silymarin. 

4.14.2 Effect of AHE on enzymatic antioxidant status of testicular tissue 

The scavenging effect of various treatments against CP induced adverse 

effects on testicular tissue antioxidant enzymes were depicted in Table 4.40 and 4.41. 

Antioxidant depletion contributes as a prominent cause in the pathogenesis of testis. 
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SOD (phase I antioxidant enzyme) causes dismutation of superoxide radicles to 

hydrogen peroxide (H2O2), while CAT and POD transform H2O2 to water and defend 

the cell from oxidative injury. CP treatment markedly (p < 0.0001) lessened the tissue 

amounts of SOD, POD, CAT and QR. Post and pre-treatment of AHE significantly 

improved the suppressed enzyme activity in CP inoculated groups in contrast to the 

only CP treated animals. Post-treatment with AHE did not enhance the action of SOD 

enzyme when compared to CP alone treated group while a substantial improvement in 

activity of SOD, CAT and QR was noticed. The administration pf AHE before CP 

intoxication restored the level of POD, SOD, CAT to the level of control group, while 

QR level remained significantly different when related to control group. In AHE pre-

treatment group, the enzyme activity of POD, SOD, CAT and QR was similar to 

silymarin treated group, however AHE post treatment group showed noteworthy (p < 

0.001) difference in activity level when compared to both AHE pre-treated and 

silymarin treated groups.  

Protective effect of AHE against CP-induced alteration in the activity level of 

GSH, GR, GST, γ-GT and GPx profile in testicular tissues is displayed in Table 4.41. 

Cisplatin administration extensively (p < 0.0001) decreased the levels of GSH, GR, 

GST, γ-GT and GPx enzymes in comparison to that of control group.  AHE pre-

treatment and silymarin completely recovered the GSH and GPx levels to that in the 

control group. Pre administration of AHE before CP intoxication resulted in more 

significant (p < 0.001) increase in GSH, GR, GST, γ-GT and GPx levels as compared 

to AHE post administration, indicative of the protective effect of AHE against CP 

induced declines. AHE pre-treatment exhibited protection against CP induced 

alterations in testicular antioxidant enzymes equivalent to that of silymarin treated 

group. AHE when orally administered alone, showed non-significant change in the 

level of above mentioned antioxidant enzymes compared to control indicating the 

nontoxic effect of selected dose of AHE. 

4.14.3 Effect of AHE on protein content, oxidant injury and lipid peroxidation 

Development of testicular impairment followed by CP exposure is mainly 

ascribed to free radical intervened oxidative distress and attenuation of antioxidant 

defense system. The effect of AHE and CP on testis tissue protein, H2O2, NO and 

MDA content are given in the Table 4.42. Protein content in CP alone treated group 
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decreased significantly; AHE post and pre-treatments improved the protein content 

significantly as compared to CP alone treated group. AHE pre-treatment restored the 

protein content relative to the control group and effect is equal compared to silymarin. 

The oxidative stress markers (H2O2 and NO) and MDA level were 

significantly raised in the CP-alone treated group, indicating the inebriating oxidative 

action of CP on testis. Administration of AHE both prior to or after CP injection 

neutralized these abnormal levels of H2O2 and NO and MDA, however, pre-treatment 

was shown to be more effective (p < 0.0001) in reversing the above mentioned 

parameters compared to post treatment group. AHE pre-treatment minimized the H2O2 

and NO and MDA content and the levels were similar to that of silymarin treated 

group. AHE treatment alone at 400 mg/kg b.w presented insignificant change in 

protein content, oxidative stress markers and lipid peroxidation in contrast to control 

group, indicating the innocuous effect of the plant fraction. 

4.14.4 Histopathology assessment of testis 

Figure 4.15 displays the light microscopic analysis of testicular morphology of 

different treated groups. Slides were studied at 10x and 40x magnification. At 40x 

concentration, morphology and stages of germ cells were observed while at 10x 

distances between the seminiferous tubules were examined between different treatment 

groups. Histopathological findings revealed that normal organization of germinal and 

Sertoli cells and active spermatogenesis in seminiferous tubules without any 

histopathological injuries in control and AHE alone group. CP inoculated animals 

presented inexorable testicular atrophy with austere cellular disorganizations and 

degenerations in seminiferous tubules and interstitium, decrease in thickness of 

germinal epithelium. CP innoculation also impelled the diminution of Leydig cells 

amongst the tubules and attenuates several stages in spermatogenesis. Disintegrated 

Sertoli cells were also noticed in the lumen. Rats pre-treated with AHE and silymarin 

displayed normal testicular morphology with trivial irregularities in germ cells 

arrangements and minor disintegration of seminiferous epithelium, moreover cell 

layers in various steps were observable which showing active spermatogenesis. 

Current data shows that pre-treatment AHE extract offers more protection against the 

histopathological lesions impelled by CP in comparison to its administration after CP 

dose. 
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Table 4:39: Effect of cisplatin (CP) and different treatments of AHE on male 

reproductive hormonal level 

Group  Testosterone 

(ng/ml) 

Luteinizing 

Hormone 

(mIU/ml) 

Follicle Stimulating 

Hormone  

(mIU/ml) 

Control 4.553±0.012
b
 2.315±0.009

b
 1.456±0.017

b
 

CP 2.327±0.009
a
 1.333±0.012

a
 0.787±0.035

a
 

AHE alone 4.589±0.020
b
 2.323±0.009

b
 1.462±0.021

b
 

CP+AHE 2.820±0.015
a,b,d

 1.449±0.011
a,b**,d

 0.856±0.029
a,b,d

 

AHE+CP 4.117±0.008
a,b,c

 2.033±0.034
a,b,d

 1.139±0.028
a,b,d

 

CP+Sily  4.150±0.026
a,b

 2.050±0.023
a,b

 1.153±0.032
a,b

 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
**

: Significant difference at p 

< 0.001. Non-significant difference (p > 0.05) was recorded between control ansd AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 

 

Table 4:40: Effect of cisplatin (CP) and different treatments of AHE on testicular 

tissue antioxidant enzymes 

Group  POD 

(U/min) 

SOD 

(U/mg protein) 

CAT 

(U/min) 

QR 

(nM/min/mg   

protein) 

Control 14.97±0.56
b
 1.411±0.023

b
 17.35±0.202

b
 141.6±0.697

b
 

CP 8.870±0.502
a
 0.790±0.043

a
 10.50±0.113

a
 94.12±0.394

a
 

AHE alone 15.60±0.346
b
 1.402±0.014

b
 17.97±0.300

b
 142.3±0.784

b
 

CP+AHE 10.90±0.519
a,b*,d*

 1.014±0.034
a**

 12.21±0.142
a,b, d

 101.8±0.441
a,b, d

 

AHE+CP 13.24±0.139
b,c*

 1.378±0.131
b, c*

 16.91±0.136
b, c

 136.1±0.575
a,b, c

 

CP+Sily  13.23±0.133
b
 1.293±0.048

b
 16.95±0.251

b
 134.4±0.982

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests) 
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Table 4:41: Effect of cisplatin (CP) and different treatments of AHE on testicular 

tissue antioxidant enzymes and GSH profile 

Group  GSH 

(µM/g 

tissue) 

GR 

(nM/min/mg 

protein) 

GST 

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

Protein) 

GPx 

(nM/min/mg 

Protein) 

Control 17.82±0.79
b
 158.4±1.09

b
 133.3±0.76

b
 326.5±0.44

b
 131.5±1.72

b
 

CP 8.466±0.42
a
 110.5±0.71

a
 96.35±0.86

a
 106.9±0.59

a
 69.42±1.62

a
 

AHE alone 17.86±0.25
b
 159.2±1.24

b
 133.4±1.02

b
 329.4±0.90

b
 132.2±0.98

b
 

CP+AHE 11.03±0.73
a,b*,d

 121.6±1.89
a,b,d

 111.5±1.06
a,b,d

 156.4±0.49
a,b,d

 83.91±1.06
a,b,d

 

AHE+CP 16.07±0.15
b,c

 146.8±1.03
a,b,c

 126.7±0.64 
a**,b,c

 309.1±0.89
a,b,c

 126.2±0.91
b,c

 

CP+Sily  16.06±0.34
b
 144.7±0.97

a,b
 125.8±1.49 

a**,b
 312.5±1.03

a,b
 126.3±1.25

b
 

Values expressed as mean±SEM. a: Significance at P < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 

 

Table 4:42: Effect of cisplatin (CP) and different treatments of AHE on testicular 

tissue protein, H2O2, nitrite content and lipid peroxidation 

Group  Protein  

(µg/mg  

Tissue)  

H2O2 

(nM/min/mg  

Tissue) 

Nitrite  

content 

(NO µM/ml) 

MDA 

(nM/min/mg 

protein) 

Control 1.558±0.011
b
 2.408±0.098

b
 41.92±0.285

b
 3.019±0.169

b
 

CP 0.944±0.044
a
 5.825±0.062

a
 80.06±0.501

a
 9.713±0.191

a
  

AHE alone 1.561±0.045
b
 2.349±0.019

b
 40.85±0.186

b
 2.981±0.206

b
 

CP+AHE 1.352±0.052
a*,b

 4.568±0.015
a,b,d

 63.23±0.494
a,b,d

 6.075±0.281
a,b,d*

 

AHE+CP 1.516±0.026
b
 3.216±0.007

a,b,c
 47.33±0.537

a,b,c
 4.033±0.207

a*,b,c*
 

CP+Sily  1.540±0.014
b
 3.145±0.004

a,b
 44.32±0.353

a*,b
 4.102±0.049

a*,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 
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Figure 4.15: Histopathological effect of cisplatin and protective effect of AHE in rat 

testes (H&E staining, magnification 10X and 40X). Group 1: Testicular tissue section 

from control rats showing normal feature of seminiferous epithelium and interstitial 

tissue with active spermatogenesis. Group 2: Tissue sections from CP-treated rats 

show marked degenerative changes with severe germ cell aplasia. Group 3: 

Represents testes from AHE alone treated rats.  Group 4: AHE Post-treatment showed 

reduced spermatogenesis and displaced interstitial cells. Group 5: AHE Pre-treatment 

results in significant protection against CP induced testicular injury and displays 

nearly normal histoarchitecture. Group 6: Showed protective effect of Silymarin 

treatment. AHE- A. hydaspica methanol extract, CP-Cisplatin, L-Lumen, SE-

Seminiferous epithelium,  ST-Seminiferous tubules, SB-Sperm bundles, Ld-Leydig 

cells, VSE-vacuolated seminiferous epithelium, GCs- Germ cells, IT- Interstitial 

tissue, DST-distended seminiferous tubules, DIT-Disrupted interstitial tissue , DSE- 

disorganized seminiferous epithelium, EL-Empty lumen, DIC-Displaced interstitial 

cells, NGC-No germ cells. 
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 Protective effect of AHE against cisplatin induced cardiac toxicity 4.15

In vitro and in vivo data indicate that AHE is a potent free radical supressor. In 

the current examination, we verified whether AHE could avert cisplatin-provoked 

cardiotoxicity in rats. Serum creatine kinase (CK) and creatine kinase isoenzyme MB 

(CK-MB) concentration were estimated as imperative diagnostic indicators of cardiac 

function. Activity of various antioxidant enzymes in the cardiac tissue and oxidative 

stress markers and products of lipid peroxidation (MDA) and protein content in 

cardiac tissues were recorded. Besides, cardiac histopathological examination was 

performed in order to corroborate the biochemical and serological alterations with 

pattern of histologic myocardial changes.  

4.15.1  Effect of AHE on serum biomarkers of cardiotoxicity 

Acute administration of CP (7.5 mg/kg b.w) induced cardiotoxicity and 

exhibited noteworthy (p < 0.0001) increase in serum cardiac biomarkers viz CK and 

CK-MB in contrast to the control group (Table 4.43). The raised up levels of serum 

enzyme are well accepted quantitative index of myocardial injury induced by CP 

treatment. The CP-induced elevations in cardiac markers were ameliorated (p < 

0.0001) with AHE treatments, both either before or after toxicity, and the effect was 

extra prominent in case of AHE pre-treatment group as compared to AHE 

administration after CP-intoxication. AHE pre-treatment preserved the enzyme status 

comparable to silymarin treated group while significant difference was recorded in 

comparison to control, indicating that full restoration of enzyme activity was not 

achieved with either of the treatments. CK and CK-MB levels were same between 

AHE alone and control groups (Table 4.43). 

4.15.2 Effect of AHE on cardiac antioxidant enzyme status 

Cardioprotective effect of various AHE treatments against CP induced adverse 

effects was supported by increased myocardial antioxidant enzyme activity. 

Significant (p < 0.0001) lessening in the myocardial antioxidant enzymes viz; SOD, 

POD, CAT and QR were observed in comparison to control group (Table 4.44). AHE 

oral doses prior to and after CP intoxication prevented the suppression of enzyme 

activity in contrast to the CP alone treated group. Interestingly, administration of AHE 

prior to CP resulted in a complete reversal of CP-induced increase in tissue level of 

POD, SOD and CAT to the control values, while QR level remained significantly 
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altered as compared to control group. In AHE pre-treatment, enzyme activity of POD, 

SOD, CAT and QR was similar to silymarin treated group, however AHE post 

treatment group showed noteworthy (p < 0.001) difference in activity level of CAT 

and QR, in contrast to both AHE pretreated and silymarin treated groups.  

Protective effect of AHE against CP-induced alteration in myocardial tissue 

glutathione status i.e. GSH, GR, GST, γ-GT and GPx is presented in Table 4.45. A 

marked (p < 0.0001) decline in the activity level of glutathione enzymes were observed 

in the cardiac tissue of CP treated rats in comparison to that of control group. Pre 

administration of AHE before CP intoxication resulted in more significant (p < 0.001) 

increase in GSH, GR, GST, γ-GT and GPx levels as compared to AHE post 

administration, indicative of the protective effect of AHE against CP induced declines. 

AHE pre-treatment exhibit protection against CP induced alterations in cardiac 

antioxidant enzymes corresponding to that of silymarin treated group. AHE when 

orally administered alone, showed non-significant change in the level of above 

mentioned antioxidant enzymes compared to control stipulating the nontoxic effect of 

selected dose of AHE. 

4.15.3 Assessment of Cardiac Protein content, Oxidative stress and Lipid 

peroxidation 

Table 4.46 represent the effect of AHE and CP, and AHE with CP on cardiac 

tissue protein and oxidative stress biomarkers specifically H2O2, NO and MDA. CP 

single dose resulted in a notable (p < 0.0001) decrease in cardiac tissue protein 

content and significant (p < 0.0001) augmentation in oxidative stress biomarkers as 

compared to the control group. Administration of AHE before and after a single dose 

of CP resulted in  marked increase in cardiac tissue protein content while significant 

decrease in the level of  cisplatin-mediated oxidative products viz; H2O2, NO and 

MDA were recorded in cardiac tissues as compared to CP alone treated group. 

Treatment of animals before CP administration preserved the protein content relative 

to control values while oxidative stress biomarkers levels remains significantly 

different from control group. Post treatment of animals that received single i.p. dose 

of CP seems to be less effective in providing protection against CP mediated 

oxidative damage to cardiomyocytes in comparison to its prior administration, 

implicating preventive effect of AHE. Silymarin was used as a reference drug and 
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AHE pre-treatment produced equal protection against CP induced alteration in cardiac 

tissue protein content and level of oxidative stress markers. AHE alone when 

administered orally throughout the study period showed no change in above mention 

parameters as compared to control group. 

4.15.4 Histopathological assessment of heart 

Histomicrographs of hematoxylin and eosin (H&E) stained transverse sections 

of the heart specimen from different treatment groups are shown in Figure 4.16. The 

cardiac sections of distinct investigational groups indicated gradation of variations 

from no injury (control group and AHE alone treated group) to mild and medium 

lesions (AHE pre and post treated groups) to highly severe damages (CP alone group). 

Sections from the cardiac tissue of control and AHE alone treated rats represent the 

normal histoarchitecture of heart, normal typical cardiac muscle fibers with several 

small blood vessels, myofibrillar structure with striations, branched appearances and 

endurance with adjacent myofibrils and capillaries in the connective tissue and 

consistent acidophilic cytoplasm with central nucleus. Rats treated with CP alone 

showed massive degenerative changes, various grades of focal damages, hypertrophy 

of muscle fibers, distortion in blood capillaries, blood vessels were engorged with 

blood, disturbance in the trabeculae of heart and retrogressive lacerations in muscle 

fibres. Moreover, hyaline necrosis, leukocyte infiltration, mucoid edema and 

vacuolated muscle fibers are clearly visible in CP alone treated group. Remarkably, 

heart specimens from rats innoculated with CP and AHE displayed minimal 

deteriorating alterations, Pre-treatment of CP administered rats with either AHE or 

silymarin showed normal cardiac muscle fibers with mild signs of harmfulness in 

minor restricted foci, less capillary dilatation and vacuolar changes in comparison to 

CP-alone treated group, and most of the muscle fibers appear as control group 

indicating protective and comparable effects of AHE pre-treatment to silymarin. AHE 

administration after CP intoxication showed less recovery as compared to AHE pre-

treatment group. 
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Table 4:43: Effect of cisplatin (CP) and different treatments of AHE on cardiac 

function biomarkers 

Group  CK 

(U/l) 

CKMB 

(U/l) 

Control 101.3±0.882
b
 24.03±0.318

b
 

CP 302.4±0.833
a
 80.53±0.821

a
 

AHE alone 101.1±0.581
b
 23.40±0.416

b
 

CP+AHE 249.0±0.577
a,b,d

 67.40±0.608
a,b,d

 

AHE+CP 126.2±0.285
a,b,c

 30.67±0.884
a,b,c

 

CP+Sily  125.0±1.09
 a, b

 29.23±0.694
a,b

 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 

 

Table 4:44: Effect of cisplatin (CP) and different treatments of extract AHE on 

cardiac tissue antioxidant enzymes 

Group  POD 

(U/min) 

SOD 

(U/mg protein) 

CAT 

(U/min) 

QR 

(nM/min/mg 

protein) 

Control 10.66±0.381
b
 1.146±0.037

b
 15.76±0.117

b
 137.5±0.735

b
 

CP 5.930±0.537
a
 0.742±0.023

a
 9.49±0.1576

a
 85.96±0.358

a
 

AHE alone 10.92±0.531
b
 1.145±0.048

b
 15.66±0.196

b
 137.7±0.392

b
 

CP+AHE 7.99±0.572
a**,b*

 0.992±0.041
b*

 11.89±0.379
a,b,d

 117.5±0.926
a,b,d

 

AHE+CP 9.14±0.081
b**

 1.074±0.049
b**

 14.84±0.185
b,c

 133.3±0.481
a*,b,c

 

CP+Sily  9.40±0.231
b**

 1.094±0.049
b
 14.73±0.224

b
 131.7±1.200

a**,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 
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Table 4:45: Effect of cisplatin (CP) and different treatments of AHE on cardiac 

enzymatic antioxidant levels and GSH profile 

Group  GSH 

(µM/g 

tissue) 

GR 

(nM/min/mg 

protein) 

GST 

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

Protein) 

GPx 

(nM/min/mg 

Protein) 

Control 20.55±0.280
b
 154.9±0.958

b
 148.6±0.665

b
 303.5±0.811

b
 122.4±0.639

b
 

CP 12.41±0.278
a
 111.8±1.569

a
 110.9±1.002

a
 100.6±0.947

a
 66.77±0.924

a
 

AHE alone 20.66±0.236
b
 155.6±0.439

b
 148.4±0.816

b
 306.9±0.401

b
 122.9±0.285

b
 

CP+AHE 14.34±0.23
a,b**,d

 121.6±1.086
a,b,d

 123.9±1.110
a,b,d

 189.3±0.559
a,b,d

 81.51±1.659
a,b,d

 

AHE+CP 18.43±0.415
a**,b,c

 147.3±0.948
a**,b,c

 141.7±0.60
a**,b,c

 293.9±0.602
a,b,c

 111.7±0.602
a,b,c

 

CP+Sily  18.33±0.293
a**,b

 146.0±1.055
a,b

 141.0±0.899
a,b

 294.7±0.999
a,b

 115.1±1.00
a**,b

 

Values expressed as mean±SEM. a: Significance at P < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 

 

Table 4:46: Effect of cisplatin (CP) and different treatments of AHE on cardiac tissue 

protein, oxidative stress markers and lipid peroxidation 

Group  Protein 

(µg/mg 

Tissue) 

H2O2 

(nM/min/mg 

Tissue) 

Nitrite 

content 

(NO µM/ml) 

MDA 

(nM/min/mg 

protein) 

Control 1.638±0.033
b
 1.932±0.015

b
 42.59±0.552

b
 2.874±0.180

b
 

CP 1.061±0.075
a
 5.975±0.025

a
 75.72±0.707

a
 7.711±0.264

a
 

AHE alone 1.614±0.015
b
 1.911±0.049

b
 41.72±0.650

b
 2.859±0.086

b
 

CP+AHE 1.419±0.028
a*,b

 5.016±0.013
a,b

 62.63±0.765
a,b

 5.774±0.285
a,b,d

 

AHE+CP 1.536±0.032
b
 2.794±0.005

a,b
 49.93±0.419

a,b
 3.219±0.189

b,c
 

CP+Sily  1.564±0.019
b
 2.717±0.006

a,b
 50.60±0.322

a,b
 3.225±0.112

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Cisplatin (CP) group. c: Significance at p < 0.0001 of 

AHE+CP pre-treated group Vs. CP + AHE post-treated group. d: Significance at p < 

0.0001 of CP+AHE treatment groups Vs CP + Sily group. 
*
,
 **

: Significant difference at 

p < 0.001. Non-significant difference (p > 0.05) was recorded between control and AHE 

alone treated group in all parameters (One way ANOVA followed by Tukey’s multiple 

comparison tests). 
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Figure 4.16: Histopathological effect of Cisplatin and protective effect of AHE in rat 

heart (H&E staining, magnification 40X). Group 1: Cardiac section from control rats 

showing normal morphology.  Group 2: cardiac sections from CP-treated rats reveal 

degenerative changes. Group 3: Represents cardiac section from AHE alone treated 

rats.  Group 4: AHE Post-treatment showed reduced degenerations. Group 5: AHE 

Pre-treatment results in significant protection against CP induced renal injury. Group 

6: Showed protective effect of Silymarin treatment. AHE- A. hydaspica ethyl acetate 

fraction, CP-Cisplatin, H-hypertrophy, N-necrosis, CI-cellular infiltrations. 
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 Doxorubicin induced toxicity 4.16

Doxorubicin (DOX), an anthracyclin derivative is a clinically efficacious 

anticancer drug widely use in the management of variety of solid tumors and 

leukemia’s. Despite wide range of anticancer efficiency, DOX elicit severe 

consequences due to the presence of quinone moiety in the anthracyclin ring structure, 

which is involve is both oxidative and  reductive biotransformations, finally resulting 

in the generation of highly reactive substances predisposed for oxidative stress, 

cardio, nephro and hepatotoxicity. 

4.16.1 Effect of DOX and AHE on body and organ weights  

In the course of 6 week experiment duration, DOX-innoculated animals 

gained much less weight than the controls (Table 4.47). In contrast, those co-treated 

with AHE were largely secure from this growth-slow down effect of DOX, in a dose 

dependent manner (DOX+AHE 400 mg/kg b.w. vs. DOX, p < 0.001; DOX+AHE 200 

mg/kg b.w. vs. DOX, p < 0.001), although their body weight were still less than the 

control (DOX+AHE 400 mg/kg b.w. vs. Control, p < 0.001; DOX+AHE 200 mg/kg 

b.w  vs. Control, p < 0.001). These results indicated that AHE, to some extent alienate 

the undesirable effect of DOX on body weight. An analogous protection by AHE co-

treatment on the growth of liver, kidney, lungs, testes and heart was indicated by 

significant difference in organ weights of DOX treated and AHE 400 mg/kg b.w. 

treatment groups (Table 4.48), indicating that 6 weeks of exposure of AHE reduced 

the growth suppression of DOX on whole body weight and organ weight. 

4.16.2 Protective effect of AHE on lipid profile  

Hepatotoxins react with polyunsaturated fatty acids to persuade lipid 

peroxidation by disturbing the lipid profile. DOX treatment results in pronounced (P 

< 0.0001) alterations in total cholesterol, HDL, LDL and triglycerides levels when 

compared to control group. The protective effect of AHE on investigated lipid 

parameters is summarized in Table 4.49. DOX administration markedly (P < 0.0001) 

increased the levels of total cholesterol, LDL and triglycerides, while decreased 

(P<0.0001) HDL levels as compared to control group. Co administration of AHE with 

DOX, dose dependently ameliorated the altered levels investigated parameters. Co-

treatment AHE at 400mg/kg b.w dose augment the level of HDL to that of control 

values, while  total cholesterol, LDL and triglycerides  levels remained significantly 
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high in comparison to that of control group. Silymarin treated group showed similar 

protection against DOX induced lipid panel changes as shown by DOX+AHE 400 

mg/kg group. Animals treated with AHE alone at 400 mg/kg.bw dose showed non-

significant difference in results compared to control group.  

 The protective effect of AHE against DOX induced hepatotoxicity 4.17

The present investigation was undertaken to test the effects of AHE on the 

liver tissue in the rat to determine their protective effect on the serum biomarkers, 

antioxidant enzyme status and oxidative stress induced by DOX treatment. 

4.17.1 Analysis of liver serum biomarkers 

Doxorubicin-administered rats exhibited significant increase (p < 0.0001) in 

ALT, AST, ALP and LDH levels, hence confirming the liver damage at cellular level. 

Treatment with AHE magnificently ameliorated the elevated activities of AST, ALT, 

ALP and LDH in a concentration dependent manner (Table 4.50). Moreover TSB and 

DB concentrations were also significantly elevated (p < 0.0001) in DOX-administered 

animals compared to control group of animals (Table 4.51). The higher levels of 

investigated serum biomarkers noted in the DOX-alone treated group indicates the 

serious toxicity as a results of doxorubicin accretion in the liver that might provoke 

cellular obliteration or increase the permeability of hepatic cells. Results indicated 

that the serum enzyme (ALT, AST, ALP and LDH) activities of rats treated with high 

dose of AHE were ameliorated correspondingly to silymarin treated group. AHE lone 

at 400 mg/kg b.w. showed no alteration in enzyme levels when compared to control. 

4.17.2 Effect of AHE on hepatic antioxidant enzymatic status and GSH profile 

Antioxidants are predisposed for the detoxification of reactive metabolites and 

maintaining cellular balance. Liver oxidative stress and antioxidant defense 

parameters were evaluated to investigate the protective influence of AHE against 

DOX provoked deteriorations in liver tissue. DOX administration on alternate days 

for 6 weeks results in significant (p < 0.0001) depletion in the quantity of POD, SOD, 

CAT and QR as compared to control group, while AHE alone showed no alterations 

in the enzyme activity when compared to control levels (Table 4.52). Co-

administration of AHE with DOX outcomes in noteworthy amelioration of 

antioxidant enzymes levels, and at high dose the above mention enzyme levels were 
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statistically similar to silymarin treated group. In rats treated with high dose of AHE, 

the level of POD and SOD displayed non-significant difference in comparison to 

control group; however the CAT and QR exhibited significant (p < 0.0001) 

difference.  

DOX-treatments led to noticeable (p < 0.0001) depletion of hepatic 

antioxidant enzymes (QR, GSH, GR, GST, γ-GT and GPx) compared with the control 

group (Table 4.53). DOX induced deteriorations were significantly prevented with co-

treatment of AHE dose dependently. Treatment of animals with AHE high dose (400 

mg/kg b.w) in conjunction with DOX considerably restored the activity of these 

enzymes and insignificant difference in the activity of these antioxidant enzymes were 

recorded in comparison to silymarin treated group, however significant difference was 

observed in comparison to that of control. Oral administration of AHE for 6 weeks 

revealed non-significant change in investigated antioxidant enzymes activity when 

compared to control group indicating nontoxic effect of extract. 

4.17.3 Effect of AHE on liver protein and oxidative stress markers 

ROS origination and lipid peroxidation have been verified to be responsible 

for doxorubicin-provoked hepatic demage. Table 4.54 illustrates the influence of AHE 

treatment on the liver tissue protein, oxidative deterioration markers and lipid 

peroxidation level in normal and doxorubicin-administered rats. Chronic treatment of 

DOX to rats exhibited a significant (p < 0.0001) decrease in tissue soluble protein 

content verses control group. Oral administration of AHE restores the protein content 

in DOX treated animals to the levels in the control group. Contrariwise, liver 

oxidative stress markers (H2O2 and NO) and process of lipid peroxidation was 

significantly raised up as a result of DOX treatment. Co-treatment with AHE 

significantly alleviates the DOX toxicity in a dose dependent manner. AHE 

administration to DOX treated rat led to decrease oxidative stress markers and 

decrease the process of lipid peroxidation in a pattern similar to experimental group 

that received only silymarin. These results indicate that AHE prevents oxidative stress 

and lipid peroxidation and increases the concentration of antioxidant enzymes. 

4.17.4 Histopathology of liver 

Histopathological inspection of liver tissue revealed normal hepatocytes 

structure in the control (Figure 4.17). The administration of doxorubicin in rats 
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showed that histopathological changes of hepatotoxicosis. Doxorubicin induced 

edema, tissue injury, and sinusoidal dilatation, mononuclear cell infiltration, 

degeneration in the hepatocytes as well as focal necrosis, cellular hypertrophy, 

steatosis, blood vessel congestion and septa formation. The severe hepatic injury 

induced by doxorubicin was remarkably prevented by the co-treatment with AHE 

with most prominent ameliorative effect observed at high dose and architecture of 

Liver near to normal was observed while few inflammatory cells and congestion of 

central veins as hepatic sinusoids look like lined by endothelial cells in the AHE-low 

dose treatment group. The liver in rat treated with AHE only was nearly of control 

liver histology. The data suggest that AHE attenuates the liver injury induced by 

doxorubicin. The lesions were reduced considerably in a group received silymarin 

with DOX and recovery pattern was similar to AHE high dose. 
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Table 4:47: Effect of DOX and/or AHE treatment on body weight of rats 

Treatment 

(mg/kg) 

                       Body weight (g) 

Initial Final 

Control 219.0±0.577 250.3±0.333
b
 

DOX 221.3±0.667 226.3±0.661
a
 

AHE alone 220.3±0.667 248.3±0.671
b
 

DOX+AHE (200) 221.7±0.882 232.2±0.611
a,b

 

DOX+AHE (400) 220.3±0.882 244.7±0.882
a,b,c

 

DOX+Sily  222.0±0.577 243.3±0.333
a,b

 

Data expressed as mean±SEM (n=6). a: significant difference of final body weight of 

group Vs. Control group at p < 0.001, b: significant difference of final body weight of 

group Vs. DOX-treated group at p < 0.001, c: significant difference of final body 

weight of DOX+AHE (200 mg/kg) treated group Vs. DOX+AHE (400 mg/kg)  

treated  group at p < 0.001. 

 

Table 4:48: Effect of DOX and/or AHE treatment on organ weight of rats 

Treatment 

(mg/kg) 

Organ  weights  (g) 

Liver Kidney Lungs Testes Heart 

Control 5.52±0.05
b
 2.11±0.03

b**
 0.91±0.01

b*
 1.26±0.015

b*
 0.7±0.03

b*
 

DOX 5.21±0.07
a
 1.88±0.11

a**
 0.731±0.03

a*
 1.06±0.010

a*
 0.506±0.16

a*
 

AHE alone 5.51±0.061
b
 2.10±0.03

b**
 0.910±0.012

b*
 1.26±0.021

b*
 0.697±0.025

b*
 

DOX+AHE (200) 5.39±0.03 2.04±0.03 0.811±0.021 1.232±0.031 0.579±0.01 

DOX+AHE (400) 5.49±0.02
b
 2.1±0.035

b**
 0.905±0.024 1.25±0.025

b*
 0.694±0.024

b*
 

DOX+Sily  5.48±0.05
b
 2.092±0.05

b*
 0.906±0.031

b*
 1.253±0.04

b*
 0.695±0.019

b*
 

Data expressed as mean±SEM (n=6). a: significant difference of organ weight of 

group Vs. Control group at p < 0.001, b: significant difference of organ weight of 

group Vs. DOX-treated group at p < 0.001. Alphabets with 
* 

or
 **

 indicates significant 

difference at p < 0.05 and p < 0.001 respectively. Non-significant difference (p > 

0.05) was recorded between control and AHE alone treated group in all parameters. 

Absence of alphabet indicates non-significant difference of respective group (Two-

way ANOVA followed by Bonferroni multiple comparison tests). Sily-Silymarin. 
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Table 4:49: Effect of doxorubicin (DOX) and different treatments of AHE on lipid 

profile 

Treatment 

(mg/kg) 

Total cholesterol 

     (mg/dl) 

   HDL 

(mg/dl) 

   LDL 

(mg/dl) 

Triglycerides 

(mg/dl) 

Control 76.50±0.289
b
 25.17±0.441

b
 41.17±0.726

b
 70.50±1.041

b
 

DOX 95.53±0.467
a
 20.47±0.291

a
 63.97±0.549

a
 94.17±0.441

a
 

AHE alone 76.13±0.186 
b
 25.33±0.333

b
 41.07±0.521

b
 70.33±0.667

b
 

DOX+AHE (200) 87.07±0.581
a,b,d

 22.13±0.409
a,d*

 52.73±0.267
a,b,d

 80.37±0.318
a,b,d

 

DOX+AHE (400) 79.70±0.351
a**,b,c

 24.13±0.467
b,c*

 44.93±0.521
a**,b,c

 74.97±0.54
a**,b,c

 

DOX+Sily  79.97±0.578
a**,b

 24.20±0.200
b
 45.07±0.581

a**,b
 73.73±0.37

a*,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group. 
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 

 

Table 4:50: Effect of Doxorubicin (DOX) and different treatments of AHE on liver 

biomarkers in serum 

Treatment 

(mg/kg) 

ALT 

(U/l) 

AST 

(U/l) 

ALP 

(U/l) 

LDH 

(U/l) 

Control 44.63±0.491
b
 72.83±0.120

b
 120.7±0.333

b
 48.62±0.232

 b
 

DOX 139.80±0.336
a
 191.0±0.577

a
 355.8±0.120

a
 171.10±0.358

 a
 

AHE alone 44.57±0.233
b
 72.63±0.186

b
 120.7±0.208

b
 48.57±0.203

 b
 

DOX+AHE (200) 79.62±0.523
a,b,d

 135.9±0.133
a,b,d

 211.2±0.441
a,b,d

 98.97±0.548
a,b,d

 

DOX+AHE (400) 47.27±0.318
a**,b,c

 76.83±0.167
a,b,c

 134.8±0.338
a,b,c

 60.37±0.578
a,b,c

 

DOX+Sily  46.47±0.176
a*,b

 76.13±0.133
a,b

 133.1±0.591
a,b

 58.67±0.333
 a,b

 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 
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Table 4:51: Effect of Doxorubicin (DOX) and different treatments of AHE on serum 

total bilirubin and direct bilirubin profile 

Treatment 

(mg/kg) 

Total bilirubin 

   (mg/dl) 

Direct bilirubin 

     (mg/dl) 

Control 0.92±0.0153
b
 0.303±0.0371

b
 

DOX 1.84±0.0159
a
 0.546±0.0167

a
 

AHE alone 0.917±0.0127
b
 0.300±0.0361

b
 

DOX+AHE (200) 1.45±0.0231
a,b,d

 0.443±0.0088
a*

 

DOX+AHE (400) 1.193±0.012
a,b,c

 0.348±0.0240
b**

 

DOX+Sily  1.18±0.0153
a,b

 0.345±0.0202
b**

 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group. 
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 

 

Table 4:52: Effect of Doxorubicin (DOX) and different treatments of AHE on liver 

tissue antioxidant enzymes 

Treatment 

(mg/kg)  

POD 

(U/min) 

SOD 

(U/mg 

protein) 

CAT 

(U/min) 

QR 

(nM/min/mg 

protein) 

Control 13.40±0.225
b
 1.547±0.0592

b
 24.02±0.077

b
 104.8±1.006

b
 

DOX 6.090±0.589
a
 0.3824±0.054

a
 12.72±0.044

a
 64.79±1.070

a
 

AHE alone 13.09±0.266
b
 1.553±0.0814

b
 24.03±0.026

b
 104.7±1.065

b
 

DOX+AHE (200) 9.06±0.271
a,b,d

 1.063±0.0364
a**,b

 15.43±0.063
a,b,d

 76.81±0.476
a,b,d

 

DOX+AHE (400) 12.09±0.179
b,c

 1.371±0.0794
b,c*

 20.83±0.058
a,b,c

 94.87±1.433
a,b,c

 

DOX+Sily  12.20±0.237
b
 1.323±0.0566

b
 20.90±0.088

a,b
 93.40±1.440

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 
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Table 4:53: Effect of Doxorubicin (DOX) and different treatments of AHE on liver 

tissue antioxidant enzymes and GSH profile 

Treatment 

(mg/kg) 

GSH 

(µM/g 

tissue) 

GR 

(nM/min/mg 

protein) 

GST 

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

Protein) 

GPx 

(nM/min/mg 

Protein) 

Control 19.61±0.283
b
 163.6±0.656

b
 142.6±0.57

b
 336.2±0.564

b
 139.5±1.164

b
 

DOX 10.46±0.660
a
 101.4±0.599

a
 99.72±1.08

a
 141.6±0.296

a
 92.58±0.752

a
 

AHE alone 20.11±0.158
b
 164.2±0.677

b
 142.7±0.89

b
 336.3±0.999

b
 139.8±0.355

b
 

DOX+AHE (200) 12.50±0.397
a,d

 134.8±0.81
a,b,d

 118.7±1.81
a,bd*

 199.2±1.610
a,b,

d
 

111.3±0.874
a,b,

d
 

DOX+AHE (400) 17.43±0.599
a*,b,

c
 

149.8±0.91
a,b,c

 130.8±1.86
a**,b,c*

*
 

306.8±0.779
a,b,

c
 

130.5±1.192
a,b,

c
 

DOX+Sily  17.32±0.387
a*,b

 152.7±1.671
a,b

 128.3±2.82
a,b

 307.9±1.246
a,b

 130.9±0.344
a,b

 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 

Table 4:54: Effect of Doxorubicin (DOX) and different treatments of AHE on liver 

tissue protein, oxidative stress markers and lipid peroxidation 

Treatment 

(mg/kg) 

Protein 

(µg/mg 

Tissue) 

H2O2 

(nM/min/mg 

Tissue) 

Nitrite 

(content 

µM/ml) 

TBARS 

(nM/min/mg 

protein) 

Control 4.657±0.047
b
 1.969±0.056

b
 34.77±1.323

b
 3.499±0.156

b
 

DOX 1.150±0.049
a
 5.356±0.074

a
 90.65±1.787

a
 9.492±0.427

a
 

AHE alone 4.677±0.149
b
 1.321±0.057

b
 36.24±0.958

b
 3.153±0.087

b
 

DOX+AHE (200) 3.200±0.232
a,b,d*

 4.039±0.021
a,b,d

 60.72±2.577
a,b,d

 6.240±0.589
a,b

 

DOX+AHE (400) 4.128±0.195
b,c**

 2.319±0.038
a**,b,c

 43.25±0.485
a*,b,c

 4.446±0.217
b,c*

 

DOX+Sily  3.985±0.074
b
 2.336±0.062

a**,b
 41.32±1.194

b
 4.829±0.067

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 
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Figure 4.17: Histopathological effect of Doxorubicin and protective effect of AHE in 

rat liver. Histopathological effect of Doxorubicin and protective effect of AHE in rat 

liver (H&E staining, magnification 40X). Group 1: Liver section from control rats 

showing normal liver morphology.  Group 2: DOX-treated rat liver section showing 

enhanced cellular lesions, loss of hepatic tissue structure arrangement and collection 

of inflammatory cells. Group 3: Represents liver section from AHE alone treated rats.  

Group 4: AHE low dose treatment results in minimal degenerations were observed. 

Group 5: AHE high dose treatment results in significant protection against DOX 

induced hepatic injury. Group 6: Showed protective effect of Silymarin treatment. 

AHE-A. hydaspica ethyl acetate fraction, DOX-Doxorubicin, HPC-Hepatocytes, CV-

Central venule, MCI-Monocytes nuclear cells infiltrations, D&C-Dilation and 

congestion, FC & B- Fatty changes and ballooning, DLS- Degeneration of lobular 

shape, S-Sinosides, N-necrosis.  
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 The protective effect of AHE against DOX induced nephrotoxicity 4.18

DOX treatment does not differentiate among a malignant and normal cell and 

eliminates not only fast-growing cancer cells but also normal growing cells in the 

body. DOX induced renal injury evident in increase glomerular capillary 

permeability, tubular atrophy. Various animal studies demonstrate that antioxidant 

from natural sources show protection against DOX induced toxicities and improve its 

therapeutic efficiency. 

The protective effect of AHE on DOX-persuaded oxidative stress, biochemical 

and histopathological alterations in renal tissue were examined by urine analysis, 

serum analysis, renal tissue antioxidant enzyme status, oxidative stress and lipid 

peroxidation. The protective effect exhibited by various treatments was corroborated 

by analyzing the biochemical and histopathological changes in respective groups.  

4.18.1 Urine analysis 

Proper kidney functioning is usually depicted by the composition of urine; 

therefore urine analysis was performed to notice the variability in kidney function of 

animals in different treatment groups. The protective efficacy of AHE against DOX 

provoked alterations in the various urine biomarkers of renal impairment are shown in 

Table 4.55 and 4.56. DOX treatment resulted in significant (p < 0.0001) augmentation 

in urine specific gravity, RBCs and WBCs count, and concentration of urea in the 

urine while urine PH was dropped significantly (p < 0.0001) in the DOX treated 

group in comparison to the levels in normal control rats. Co-administration of AHE to 

DOX treated rats noticeably (p < 0.001) attenuated the above parameters of urine in a 

dose dependent manner, thus improving the kidney functions. AHE high dose 

prevented the changes in urine PH, specific gravity, WBCs counts and concentration 

of urea and retained the levels analogous to that of control group, whereas counts of 

RBCs in the urine were remained considerably high (p < 0.0001) when related to 

control group.  

DOX administration markedly increased the levels of urine creatinine, urinary 

albumin and urinary protein while, decreased creatinine clearance capacity as 

compared to control animals (Table 4.56). Of the different urinary biomarkers 

evaluated, increase in urinary albumin and creatinine revealed high prognostic 

measure for prediction of advanced DOX-induced nephrotoxicity, characterized as 
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primary glomerular injury and secondary tubular injury. Urine albumin and creatinine 

were more sensitive biomarkers for nephrotoxicity then serum creatinine and serum 

BUN. AHE co-administration dose dependently attenuated the DOX-induced toxicity 

by significantly ameliorating the above parameters compared to animals receiving 

only DOX. Relatively significant (p < 0.0001) ameliorating effects were recorded 

with AHE high dose (400 mg/kg b.w) in comparison with low dose group. The levels 

of creatinine and creatinine clearance restored to that of control group in DOX+AHE 

high dose group, however urinary albumin and protein content were  remained 

significantly (p < 0.05 and p < 0.0001, respectively) high in contrast to control group. 

DOX+AHE 400 mg/kg b.w. group displayed similar ameliorative effects on urine 

biomarkers to DOX + silymarin treated group. Oral doses of AHE alone throughout 

the experimental period did not induce any difference in urine profile in comparison 

to control rats. 

4.18.2 Effect of AHE on serum kidney function tests 

Like urine profile, serum profile also provides an idea about the kidney 

function. Level of serum creatinine, urea, uric acid and BUN were measured to assess 

DOX-induced nephrotoxicity. DOX treatment significantly (p < 0.0001) decreased 

serum albumin, protein and globulin concentration while the level of serum urea, uric 

acid, creatinine, NO and BUN were considerably (p < 0.0001) elevated in comparison 

to control group (Table 4.57 & 4.58). AHE combine treatment ameliorated the toxic 

effect of DOX markedly (p < 0.001) by improving the albumin, protein and globulin 

and preventing the rise in serum urea, uric acid, creatinine, NO and BUN in a dose 

dependent manner. AHE high dose significantly (p < 0.0001) restored the levels of the 

above mentioned parameters as compared to low dose treatment. Administration of 

silymarin significantly improved the DOX mediated deteriorations in serum 

biomarkers. Treatment of experimental animals with high dose of AHE retained the 

concentration of serum albumin, globulin, creatinine and uric acid similar to the levels 

in the control group, while serum protein, BUN, urea and NO content remained 

significantly different from control group. AHE alone treatment at 400 mg/kg b.w. 

showed insignificant alteration in above said biomarkers as compared to control 

group, depicting the non-lethal influence of plant extract.  
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4.18.3 Protective effect of AHE on kidney antioxidant status 

Table 4.59 and 4.60 make evident DOX induced insufficiency of renal 

antioxidant enzymes and protective effect of AHE to reduce renal damage with 

restoration of renal antioxidant levels. Treatment with DOX induced a remarkable (p 

< 0.0001) decrease in renal POD, SOD, CAT and QR levels compared with untreated 

control. Simultaneous inoculation of DOX with high dose of AHE significantly (p < 

0.0001) restored renal POD and SOD to the levels statistically similar to control 

values. However the level of CAT and QR showed significant difference to control 

and DMSO alone treated groups.  

Treatment with DOX resulted in significant (p < 0.0001) depletion in renal 

tissue content of GSH, GR, GST, γ-GT and GPx. The administration of AHE with 

DOX significantly (p < 0.001) enhanced the level of renal antioxidant enzymes as 

compared to only DOX-treated rats, in a dose dependent manner. Similar levels of 

GSH, GR, GST, γ-GT and GPx were recorded in AHE high dose and standard drug 

silymarin treated groups. Glutathione exhaustion is one of the problems resulting in 

renal injury, results shows that co administration of AHE at high dose retained level 

of GSH to normal control values, while level of activity of GR, GST, γ-GT and GPx 

showed significant difference in contrast to control group.  

AHE co-treatment with DOX induced improvement of renal enzymes in a 

dose dependent way, indicating that AHE high dose provided better protection as 

compared to low dose. The high dose of AHE, without DOX treatment showed no 

change in renal antioxidant enzymes in comparison to control group. 

4.18.4 Protective effect of AHE on renal tissue protein and oxidative stress 

markers  

Kidney MDA content serves as a marker of renal lipid peroxidation, 

nitrite/nitrate proportion was taken as an indicator of renal NO concentrations, H2O2 

and NO are important markers of oxidative stress. DOX administration significantly 

decreased renal tissue protein content and augmented tissue MDA and NO levels in 

comparison to control. AHE in high dose retrieved the renal protein content, NO and 

MDA to the levels statistically insignificant from control group, while level of H2O2 

remained significantly different in comparison to control animal tissues. Furthermore, 

co-administration of AHE high dose showed similar effects to standard drug silymarin 
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by preventing the DOX induced deteriorations. On the other hand, giving AHE in 

both low and high doses to DOX-innoculated animals improved above said 

parameters markedly when compared to the DOX alone treated group, but still the 

levels were significant different from control animals. AHE administration alone in 

high dose showed no substantial influence on renal tissue protein content, H2O2, NO 

and MDA content in comparison to their levels in the tissue of control animals (Table 

4.61). 

These results indicated that DOX-induced renal damage involved 

inconsistency in the ratio of renal tissue oxidant and antioxidant, and AHE showed 

protection against DOX-induced renal impairments via reversing the altered levels of 

above investigated parameters, suggesting potential role for AHE in DOX-induced 

nephrotoxicity. 

4.18.5 Histopathology of kidney 

Light Microscopic sections of renal histology of different treatment groups are 

shown in Figure 4.18. Histopathological examination revealed normal morphology of 

renal glomeruli and cortical tubules in control and AHE alone (400 mg/kg b.w) 

treated groups. DOX treatment resulted in degenerative changes viz. glomerular 

atrophy or disappearance; dilated Bowman’s capsules and capillaries; and marked 

disintegration of renal tubules with exfoliated cells, protein casts, and cystic 

dilatation; blood congestion in the capillary loops; cuboidal or round shape parietal 

layer of Bowman’s membrane; inflammatory cell infiltrations; vocalization in the 

endothelial cell cytoplasm of proximal tubules and degenerated or lost microvillus. 

Concomitant administration of AHE with DOX lead to abrogation of DOX-impelled 

renal tissue damages in a dose dependent pattern. DOX + AHE 400 mg/kg b.w. group 

showed better preserved cellular and tubular structure with regeneration of renal 

epithelial cell lining of cortical tubules and reinstatement of regular morphology of 

renal cortex when compared with DOX alone and AHE 200 mg/kg b.w. groups. The 

low dose (200 mg/kg b.w.) of AHE however, did not completely reversed 

morphological alterations observed in DOX alone group, and showed moderately 

degenerated renal tubules, mild atrophy with capsule distortion and tubular dilations 

of some tubules. 
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Table 4:55: Effect of Doxorubicin (DOX) and different treatments of AHE on urine 

profile 

Treatment 

(mg/kg) 

     pH Specific 

gravity 

   RBC/µl   WBC/µl 

 

Urea 

(mg/dl) 

Control 7.110±0.050
b
 1.042±0.011

b
 0.046±0.01

b 
15.83±0.291

b 
12.77±0.590

b
 

DOX 6.020±0.032
a
 1.487±0.019

a
 13.35±0.05

a 
75.17±0.318

a
 41.37±0.876

a
 

AHE alone 7.107±0.029
b
 1.041±0.012

b
 0.047±0.011

b
 15.77±0.233

b
 12.57±0.484

b
 

DOX+AHE 

(200) 

6.78±0.103
a**,b,d*

 1.19±0.02
a,b,d

 5.930±0.09
a,b,d 

40.67±0.278
a,b,d

 24.55±0.553
a,b,d

 

DOX+AHE 

(400) 

7.057±0.024
b,c*

 1.06±0.02
b,c**

 0.647±0.022
a,b,c

 16.07±0.120
b,c

 14.43±0.338
b,c

 

DOX+Sily  7.053±0.038
b
 1.053±0.020

b
 0.618±0.014

a,b 
16.17±0.260

b
 14.37±0.318

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group. 
**

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 

 

Table 4:56: Effect of Doxorubicin (DOX) and different treatments of AHE on urine 

creatinine, creatinine clearance, albumin and protein profile 

Treatment 

(mg/kg) 

Creatinine 

(mg/dl) 

Creatinine 

clearance 

(ml/min) 

Albumin 

(mg/dl) 

Urinary 

Protein  

(mg/dl) 

Control 0.4033±0.055
b
 0.8252±0.064

b**
 7.337±0.171

b
 23.29±0.761

b
 

DOX 1.387±0.019
a
 0.4002±0.043

a**
 15.83±0.418

a
 54.35±0.805

a
 

AHE alone 0.4007±0.055
b
 0.8265±0.065

b**
 7.280±0.141

b
 23.29±0.025

b
 

DOX+AHE (200) 0.900±0.029
a,b,d

 0.5990±0.055 11.57±0.348
a,b,d

 34.50±0.433
a,b,d**

 

DOX+AHE (400) 0.5077±0.037
b,c

 0.7575±0.075
b*

 8.817±0.235
a*,b,c

 27.60±0.432
a,b,c

 

DOX+Sily  0.497±0.035
b
 0.7584±0.071

b*
 8.833±0.167

a*,b
 27.17±0.029

a**,b 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 
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Table 4:57: Effect of Doxorubicin (DOX) and different treatments of AHE on serum 

protein, albumin, globulin, BUN, serum nitrite profile 

Treatment 

(mg/kg)  

Serum 

proteins 

(mg/dl) 

Albumin 

(mg/dl) 

Globulin 

(mg/dl) 

BUN 

(mg/dl) 

Serum 

nitrite 

(µM/ml) 

Control 78.06±0.361
b
 19.70±0.889

b
 58.36±1.246

b
 9.167±0.033

b 
41.50±0.764

b
 

DOX 37.95±0.396
a
 9.367±0.73

a
 28.59±1.115

a
 23.17±0.561

a 
82.37±0.797

a
 

AHE alone 79.06±0.554
b
 19.93±0.636

b
 59.12±1.078

b
 9.133±0.033

b
 41.20±0.611

b
 

DOX+AHE 

(200) 

52.19±0.384
a,b,

d
 

15.23±0.176
a**,

b
 

36.95±0.40
a,b,d

 17.07±0.23
a,b,d

 62.67±0.921
a,b,d

 

DOX+AHE 

(400) 

73.32±0.439
a,b,

c
 

17.78±0.174
b
 55.54±0.425

b,c
 12.53±0.484

a,b,

c 
48.13±0.962

a,b,c
 

DOX+Sily  74.62±0.50
a**,b

 17.87±0.233
b
 56.75±0.333

b
 12.37±0.367

a,b 
47.23±0.535

a**,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group. 
**

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 

 

Table 4:58: Effect of Doxorubicin (DOX) and different treatments of AHE on serum 

creatinine, urea and uric acid profile 

Treatment 

(mg/kg) 

Serum creatinine 

(mg/dl) 

Urea 

(mg/dl) 

Uric acid 

(mg/dl) 

Control 0.437±0.032
b
 24.03±0.549

b
 0.407±0.043

b
 

DOX 2.433±0.089
a
 69.33±0.333

a
 0.810±0.027

a
 

AHE alone 0.433±0.033
b
 23.73±0.857

b
 0.403±0.044

b
 

DOX+AHE (200) 1.203±0.009
a,b,d

 45.40±0.839
a,b,d

 0.707±0.023
a,d**

 

DOX+AHE (400) 0.607±0.018
b,c

 30.17±0.441
a,b,c

 0.477±0.038
b,c**

 

DOX+Sily  0.593±0.023
b
 30.03±0.578

a,b
 0.470±0.036

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at P < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded etween control and AHE alone treated group in all 

parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). Sily-

Silymarin. 
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Table 4:59: Effect of Doxorubicin (DOX) and different treatments of AHE on Kidney 

tissue antioxidant enzymes 

Treatment 

(mg/kg)  

POD 

(U/min) 

SOD 

(U/mg protein) 

CAT 

(U/min) 

QR 

(nM/min/mg 

protein) 

Control 10.85±0.150
b
 1.752±0.059

b
 35.50±0.289

b
 93.49±0.526

b
 

DOX 5.570±0.341
a
 0.581±0.040

a
 18.43±0.251

a
 63.55±1.275

a
 

AHE alone 11.30±0.185
b
 1.778±0.066

b
 35.93±0.479

b
 93.84±0.140

b
 

DOX+AHE 

(200) 

8.060±0.017
a,b,d

 1.153±0.088
a,b

 26.96±0.248
a,b,d

 73.32±0.667
a,b,d

 

DOX+AHE 

(400) 

10.07±0.306
b,c

 1.647±0.083
b,c**

 30.08±0.107
a,b,c

 83.22±0.491
a,b,c

 

DOX+Sily  10.02±0.096
b
 1.595±0.055

b
 30.19±0.335

a,b
 83.11±0.537 

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group. 
**

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 

 

Table 4:60: Effect of Doxorubicin (DOX) and different treatments of AHE on Kidney 

tissue antioxidant enzymes and GSH profile 

Treatment 

(mg/kg) 

GSH 

(µM/g 

tissue) 

GR 

(nM/min/mg 

protein) 

GST 

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

Protein) 

GPx 

(nM/min/mg 

Protein) 

Control 17.41±0.529
b
 150.4±0.725

b
 139.3±0.355

b
 394.4±1.246

b
 129.7±1.300

b
 

DOX 9.572±0.323
a
 96.22±1.480

a
 95.60±0.956

a
 107.9±1.156

a
 76.85±0.864

a
 

AHE alone 18.38±0.673
b
 150.6±0.409

b
 139.5±0.442

b
 394.8±1.379

b
 130.1±1.101

b
 

DOX+AHE 

(200) 

12.90±0.145
a,b,d**

 120.2±0.799
a,b,d

 110.6±0.298
a,b,d

 215.2±0.672
a,b,d

 93.00±1.034
a,b,d

 

DOX+AHE 

(400) 

16.63±0.302
b,c**

 139.1±1.146
a,b,c

 132.5±0.853
a,b,c

 362.9±0.610
a,b,c

 120.3±1.052
a,b,c

 

DOX+Sily  16.00±0.145
b
 138.0±1.201 

a,b
 131.8±1.049 

a,b
 364.5±0.691

a,b
 119.6±0.985 

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group. 
**

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 
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all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 

Table 4:61: Effect of Doxorubicin (DOX) and different treatments of AHE on kidney 

tissue protein, oxidative stress markers and lipid peroxidation 

Treatment 

(mg/kg)  

Protein 

(µg/mg 

Tissue) 

H2O2 

(nM/min/mg 

Tissue) 

Nitrite 

(content 

µM/ml) 

TBAR 

(nM/min/mg 

protein) 

Control 2.530±0.056 
b
 1.743±0.039

b
 47.84±1.156

b
 5.026±0.301

b
 

DOX 0.807±0.225 
a
 4.946±0.051

a
 85.00±1.055

a
 11.92±0.321

a
 

AHE alone 2.470±0.019 
b
 1.707±0.013

b
 45.46±1.302

b
 5.007±0.183

b
 

DOX+AHE (200) 1.60±0.043 
a,b**,d*

 3.381±0.036
a,b,d

 66.73±1.620
a,b,d

 8.643±0.279
a,b,d

 

DOX+AHE (400) 2.288±0.076 
b,c**

 2.04±0.047
a**,b, c

 50.84±1.051
b,c

 6.119±0.077
b,c

 

DOX+Sily  2.215±0.039 
b
 2.109±0.07

a**,c
 49.13±1.075

b
 6.171±0.191

a*,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 
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Figure 4.18: Histopathological effect of Doxorubicin and protective effect of AHE in 

rat kidney (H&E staining, magnification 40X). Group 1: Renal section from control 

rats showing normal liver morphology.  Group 2: renal sections from DOX-treated 

rats show degenerative changes, atrophy, capsule distortion and cellular infiltrations. 

Group 3: Represents renal section from AHE alone treated rats.  Group 4: AHE Low 

dose treatment showed mild tubular dilations. Group 5: AHE high dose treatment 

results in significant protection against DOX induced renal injury. Group 6: Showed 

protective effect of Silymarin treatment. AHE-A. hydaspica  ethyl acetate fraction, 

DOX- Doxorubicin, GC-Glomerular capsule, BS-Bowman’s space, T- Tubules, CI- 

Cellular infiltrations, ABS-alteration in Bowman’s space, TD-Tubule dilation, CD- 

Capsule distortion, VC-vascular congestions, A- Atrophy. 
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 Protective effect of AHE against doxorubicin induced pulmonary toxicity 4.19

Many chemotherapeutics have been associated with pulmonary toxicity. The 

protective value of AHE against DOX incited pulmonary was evaluated. The 

parameters investigated in this respect were the pulmonary tissue antioxidant enzyme 

levels, tissue levels of oxidative stress markers, and biochemical results were further 

authenticated by histological findings. 

4.19.1 Protective effect of AHE on pulmonary enzymatic antioxidant status 

Oxidative stress has been implicated in the pathogenesis of various diseases 

including lungs. SOD, POD, CAT and QR levels were significantly (p < 0.0001) 

repressed after DOX administration. Protective effect of different treatments of AHE 

against DOX induced deteriorations in pulmonary tissue enzymes are shown in Table 

4.62. Concomitant administration of AHE with DOX significantly restored the above 

enzyme activity in a dose dependent fashion as compared to the levels recorded in only 

DOX treated group. Co-treatment of DOX intoxicated group with high of AHE seems 

to be more ameliorating and complete restoration of POD and SOD activity was 

achieved but the level of CAT and QR remained significantly different from control 

group. Similar activity level of POD, SOD, CAT and QR were recorded in silymarin 

and AHE high dose treatment groups. Group received AHE 400 mg/kg b.w. alone did 

not show variation in any of the investigated parameter from control. 

Table 4.63 illustrates the protective effect of AHE against DOX-induced drop 

in GSH, GR, GST, γ-GT and GPx profile in pulmonary tissue. DOX treatment led to 

significant drop in above said enzyme parameters in comparison to control. There is no 

significant difference in enzyme activity in either control or AHE alone treated groups. 

AHE co-treatment dose dependently raised the enzyme levels as compared to DOX 

alone treated group. AHE high dose showed non-significant change in the level of 

above mentioned antioxidant enzymes compared to silymarin. Furthermore AHE high 

dose and silymarin treatments led to complete restoration of GSH levels to control 

values.   

 

 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            203 

 

4.19.2 Protective effect of AHE against CP induced oxidative stress and lipid 

peroxidation 

The protective effect of AHE against DOX-provoked alterations in lung tissue 

protein, H2O2, NO and MDA content are shown in theTable 4.64. It is evident from the 

data that protein content considerably (p < 0.0001) lessened in DOX alone inoculated 

group (Table 4.64). AHE co-treatment enhanced the protein content significantly as 

compared to DOX alone treated group and complete restoration was achieved with 

AHE high dose.   

H2O2 and NO and MDA levels were substantially raised up in the DOX treated 

group. H2O2 and NO and MDA levels diminished dose dependently and at high dose 

the MDA levels restores to the levels recorded in the control while H2O2 and NO 

remain significantly high as compared to control. AHE at high dose of 400 mg/kg b.w. 

showed similar levels of investigated parameters to that of silymarin treated group. 

AHE treatment alone at 400 mg/kg b.w showed no change in protein content, oxidative 

stress markers and lipid peroxidation when compared to control. 

4.19.3 Histopathology assessment of Lungs 

Histological sections from control and AHE alone treated groups showed 

normal lung morphology with normal alveoli and alveolar bronchioles with normal 

pear shape Clara cells and no alveolar distortions and septa appears regular. Pulmonary 

sections from DOX treated group revealed rigorous degenerations with infiltrations in 

alveolar septa, marked disruption of connective tissue and elastic fibers, and 

congestion of blood capillaries, disorganized inner epithelium of alveolar bronchioles 

and Clara cells, fibroblast aggregations indicating interstitial hemorrhages and edema. 

Treatment of AHE and silymarin with DOX protected the pulmonary tissue against the 

side effects, and preserved morphology toward the control group. Administration of 

AHE at both low and high dose attenuated the toxic effects of DOX and at high dose 

maximum protection of lung morphology was observed. AHE high dose and silymarin 

treated groups showed most dominating effects and restored the histopathological 

changes with somewhat organized Clara cells, reduced alveolar damages, normal type 

I and type II pneumocytes (Figure 4.19). The histopathological findings were in 

consistency to the findings of pulmonary antioxidant enzymes, oxidative stress and 

lipid peroxidation status. Results clearly indicated that DOX treatment markedly 
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impaired pulmonary function and AHE might prevent this toxicity in rats through 

inhibition of oxidative stress and restoration of antioxidants. 

Table 4:62: Effect of Doxorubicin (DOX) and different treatments of AHE on lung 

tissue antioxidant enzymes 

Treatment 

(mg/kg) 

POD 

(U/min) 

SOD 

(U/mg  

protein) 

CAT 

(U/min) 

QR 

(nM/min/mg 

protein) 

Control 9.560±0.635
b
 1.366±0.038

b
 18.48±0.058

b
 128.2±0.811

b
 

DOX 4.970±0.352
a
 0.705±0.030  

a
 10.14±0.073

a
 81.22±1.313

a
 

AHE alone 10.29±0.314
b
 1.358±0.058

b
 18.57±0.057

b
 128.9±0.180

b
 

DOX+AHE (200) 6.76±0.15
a**,b*,d**

 1.080±0.058
a**,b

 12.85±0.030
a,b,d

 96.04±1.687
a,b,d

 

DOX+AHE (400) 8.89±0.058
b,c**

 1.190±0.023
b
 17.96±0.074

a,b,c
 118.5±0.839

a,b,c
 

DOX+Sily  9.09±0.271
b
 1.186±0.050

b
 17.66±0.14

a,b
 117.3±0.605

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 

 

Table 4:63: Effect of Doxorubicin (DOX) and different treatments of AHE on lungs 

tissue antioxidant enzymes and GSH profile 

Treatment 

(mg/kg) 

 GSH 

(µM/g 

tissue) 

GR 

(nM/min/mg 

protein) 

GST    

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

Protein) 

GPx 

(nM/min/mg 

Protein) 

Control 16.12±0.58
b
 143.7±1.341

b
 98.85±0.918

b
 295.4±1.113

b
 107.4±0.7301

b
 

DOX 8.616±0.23
a
 103.0±0.846

a
 66.99±0.516

a
 87.78±0.760

a
 108.8±1.216

a
 

AHE alone 16.38±0.20
b
 144.0±1.492

b
 99.79±1.865

b
 295.6±0.600

b
 54.03±0.7401

b
 

DOX+AHE 

(200) 

10.07±0.58
a,b,d

 104.6±0.99
a,b,d

 78.62±1.13
a,b,d

 133.5±1.03
a,b,d

 72.67±0.69
a,b,d

 

DOX+AHE 

(400) 

15.38±0.66
b,c

 130.9±1.31
a,b,c

 88.42±0.586
a,b,c

 262.9±0.967
a,b,

c
 

89.98±1.232
a,b,c

 

DOX+Sily  15.25±0.66
b
 131.1±1.57

a,b
 88.62±1.014

a,b
 259.9±0.645

a,b
 90.63±1.389

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group. (One 

way ANOVA followed by Tukey’s multiple comparison tests). Sily-Silymarin. 
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Table 4:64: Effect of Doxorubicin (DOX) and different treatments of AHE on lung 

tissue protein, H2O2, nitrite content and lipid peroxidation 

Treatment 

(mg/kg) 

 Protein 

(µg/mg 

Tissue) 

H2O2  

(nM/min/mg 

Tissue) 

Nitrite 

(content 

µM/ml) 

TBARS 

(nM/min/mg 

protein) 

Control 1.722±0.041
b
 2.192±0.026

b
 44.59±0.6095

b
 3.661±0.2651

b
 

DOX 0.888±0.107
a
 5.709±0.415

a
 80.97±0.2557

a
 10.02±0.2213

a
 

AHE alone 1.711±0.056
b
 2.148±0.033

b
 44.26±0.3852

b
 3.599±0.2447

b
 

DOX+AHE (200) 1.36±0.06
a*,b**,d*

 3.898±0.06
a,b,d*

 61.19±0.7897
a,b,d

 6.923±0.3507
a,b,d

 

DOX+AHE (400) 1.500±0.067
b
 3.029±0.023

a*,b,c*
 51.17±1.1861

a,b,c
 4.543±0.1938

b,c
 

DOX+Sily  1.495±0.086
b
 2.983±0.011 

b
 50.77±0.4640

a,b
 4.695±0.3168

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at P < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 
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Figure 4.19: Histopathological effect of Doxorubicin and protective effect of AHE in 

rat Lungs (H&E staining, magnification 40X). Group 1: Lung tissue section from 

control rats showing normal morphology.  Group 2: tissue sections from DOX-treated 

rats show degenerative changes, atrophy and cellular infiltrations. Group 3: 

Represents lung section from AHE alone treated rats.  Group 4: AHE Low dose 

treatment showed mild disorganizations and fibroblast aggregations. Group 5: AHE 

high dose treatment results in significant protection against DOX induced lung injury. 

Group 6: Showed protective effect of Silymarin treatment. AHE- A. hydaspica ethyl 

acetate fraction, DOX- Doxorubicin, Br-Bronchioles, As-Alveolar septum, CC-Clara 

cells, T- Tubules, CI- Cellular infiltrations, DBr-Disorganized bronchioles, FA- 

fibroblast aggregations, CIEL-collapsed inner epithelial cells. 
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 The effectiveness of AHE against doxorubicin impelled testicular toxicity 4.20

Doxorubicin persuades oxidative trauma and lead to apoptosis in testicular 

tissues. The protective effect of AHE against doxorubicin induced testicular injury 

was investigative by determination of following parameters. 

4.20.1 Effect of AHE on male reproductive hormones 

Protective influence of AHE against DOX-incited alterations in the 

reproductive hormones is revealed in Table 4.65. Treatment with DOX significantly 

altered the serum level of testosterone, LH and FSH. Co-administration AHE with 

DOX dose dependently recovered DOX-induced suppression of serum testosterone, 

LH and FSH in comparison to DOX alone treated group, but still the hormone levels 

were significantly lowered as compared to control. Silymarin used as a reference drug 

significantly raised the concentration of testosterone, LH and FSH when matched to 

that of DOX alone treated group and showed no significant difference from that of 

DOX + AHE 400 mg/kg group.  

4.20.2 Effect of AHE on enzymatic antioxidant status of testicular tissue 

Table 4.66 illustrates the effect of DOX on testicular tissue antioxidant status 

and protective effect of various treatments of AHE. Antioxidants protect the testicular 

tissue from oxidative stress. In testicular tissue, DOX significantly decreased the 

concentration of various antioxidants. DOX treatment markedly (p < 0.0001) 

decreased the concentration of SOD, POD, CAT and QR, while AHE co-treatment 

effectively sustained the activities of aforementioned enzymes in a dose dependent 

pattern. Co-treatment of DOX treated rats with high 400 mg/kg b.w. dose of AHE 

completely retained the activity of POD and CAT enzyme to the levels recorded in 

control group; while substantial decline in activity of SOD, and QR was noticed, in 

comparison to control. In AHE high dose co-treatment group, activity of above 

mentioned enzymes was similar to the activity noticed in silymarin treated group.  

DOX treatment extensively (p < 0.0001) down regulated the activity of GSH, 

GR, GST, γ-GT and GPx in testicular tissue in comparison to control levels. AHE 

treatment at high dose completely recovered the GSH and GST levels to that in the 

control group (Table 4.67). AHE high dose co-administration resulted in more 

significant (p < 0.001) increase in GSH, GR, GST, γ-GT and GPx levels as compared 

to AHE low dose co-administration. Silymarin treated group significantly restored the 
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activity of enzymes. AHE when orally administered alone, showed non-significant 

change in antioxidant enzyme activity compared to control indicating the nontoxic 

effect of selected dose of AHE. 

4.20.3 Effect of AHE on protein content, oxidant injury and lipid peroxidation 

The formation of reactive oxygen species and their combat with antioxidant 

enzymes reveal the state of oxidative stress within a tissue is depicted in Table 4.68. 

DOX-treated testes showed significantly higher levels of oxidative stress markers viz. 

H2O2, NO and MDA (product of lipid-peroxidation), and lowered the content of tissue 

soluble protein, indicative of the persuasive pro-oxidative influence of DOX on 

testicular tissues. AHE co-treatment resulted in dose dependent neutralization of 

deviations in protein, H2O2, NO and MDA levels, displaying the protective effect of 

AHE against DOX-impelled oxidative trauma in testis. Protein content in high dose 

treatment group restored completely to the levels in the control. AHE high dose 

showed more significantly (p < 0.0001) alleviated the DOX induced oxidative stress as 

compared to AHE low dose treatment, and the levels were similar to that of silymarin 

treated group. Administration of AHE alone at 400 mg/kg b.w. for 6 weeks exhibited 

similar level of protein, H2O2, NO and MDA to control group. 

Results indicated that AHE ameliorated DOX-executed oxidative stress by 

reducing the generation of reactive oxygen species and preventing the deactivation of 

antioxidant enzymes. 

4.20.4 Histopathology assessment of testis 

Figure 4.20 reveals the testicular histoarchitecture of different treatment 

groups. Testis of control group displays normal organization of seminiferous tubules 

and germ cells, active spermatogenesis, normal concentration and morphology of 

sperms. DOX treatment induced dramatic changes in testicular tissue structure, 

showed degenerated seminiferous tubules with fibrinoid debris, cellular 

disorganization, germ cell aplasia, severe vacuolization, widening of interstitial 

spaces, and decrease thickness of germinal epithelium, depletion of Leydig cells, 

attenuation of spermatogenesis, pyknotic nuclei and degenerated sertoli cells which 

lost their junction with germ cells. Administration of AHE (400 mg/kg b.w) along 

with doxorubicin restored these changes towards normality and counteracted the 

negative influences of DOX and well-maintained the integrity of spermatogenic 
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arrangements. AHE low dose showed slight irregularities in the organization of germ 

cells and minor deterioration of seminiferous epithelium. Silymarin treatment also 

showed normal structure of testis as compared to DOX alone treated group. The 

histopathological findings correlated well with the biochemical findings. 
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Table 4:65: Effect of Doxorubicin (DOX) and different treatments of AHE on male 

reproductive hormonal level 

Group  Testosterone 

(ng/ml) 

Luteinizing 

Hormone (mIU/ml) 

Follicle Stimulating 

Hormone (mIU/ml) 

Control 4.553±0.0120
b
 2.315±0.009

b
 1.456±0.0173

b
 

DOX 2.284±0.0295
a
 1.293±0.022

a
 0.787±0.0203

a
 

AHE alone 4.589±0.0204
b
 2.323±0.009

b
 1.462±0.0206

b
 

DOX+AHE (200) 3.202±0.0315
a,b,d

 1.627±0.015
a,b,d

 0.942±0.0223
a,b,d

 

DOX+AHE (400) 4.137±0.0261
a,b,c

 1.990±0.015
a,b,c

 1.137±0.0291
a,b,c

 

DOX+Sily  4.140±0.0212
a,b

 2.017±0.0176
a,b

 1.147±0.0219
a,b

 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group. Non-

significant difference (p > 0.05) was recorded between control and AHE alone treated 

group in all parameters. (One way ANOVA followed by Tukey’s multiple comparison 

tests). Sily-Silymarin. 

 

Table 4:66: Effect of Doxorubicin (DOX) and different treatments of AHE on 

testicular tissue antioxidant enzymes 

Group  PO 

(U/min) 

SOD 

(U/mg protein) 

CAT 

(U/min) 

QR 

(nM/min/mg 

protein) 

Control 14.97±0.560
b
 1.411±0.0228

b
 17.35±0.2021

b
 158.4±1.090

b
 

DOX 9.100±0.289
a
 0.728±0.0298

a
 10.99±0.1905

a
 107.4±1.575

a
 

AHE alone 15.60±0.346
b
 1.402±0.0136

b
 17.97±0.3002

b
 159.2±1.237

b
 

DOX+AHE (200) 10.13±0.583
a,d**

 1.116±0.0676
a**,b

 12.86±0.2021
a,b**,d

 114.5±1.808
a,b*,d

 

DOX+AHE (400) 13.89±0.514
b,c**

 1.229±0.0349
a*,b

 16.89±0.3328
b,c

 140.9±1.057
a,b,c

 

DOX+Sily  13.81±0.468
b
 1.225±0.0261

a*,b
 16.97±0.2656

b
 141.0±1.074

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 
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Table 4:67: Effect of Doxorubicin (DOX) and different treatments of AHE on 

testicular tissue antioxidant enzymes and GSH profile 

Group  GSH  

(µM/g 

tissue) 

GR 

(nM/min/mg 

protein) 

GST 

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

Protein) 

GPx 

(nM/min/mg 

Protein) 

Control 17.82±0.795
b
 143.7±1.341

b
 133.3±0.764

b
 326.5±0.431

b
 131.5±1.721

b
 

DOX 7.814±0.519
a
 103.0±0.8459

a
 95.47±0.988

a
 105.9±0.999

a
 65.63±0.987

a
 

AHE alone 17.86±0.244
b
 144.0±1.492

b
 133.4±1.016

b
 329.4±0.896

b
 132.2±0.984

b
 

DOX+AHE 

(200) 

9.858±0.529
a,d

 104.6±0.996
a,b,d

 108.3±1.245
a,b,d

 199.0±1.344
a,b,d

 110.8±0.951
a,b,d

 

DOX+AHE 

(400) 

15.40±0.530
b,c

 130.9±1.314
a,b,c

 129.3±0.351
b,c

 318.3±0.676
a,c

 125.8±0.978
a*b,c

 

DOX+Sily  15.34±0.320
a*,b

 131.1±1.575
a,b

 130.2±1.268
b
 316.9±1.328

a,b
 126.6±0.859

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group. Non-

significant difference (p > 0.05) was recorded between control and AHE alone treated 

group in all parameters. (One way ANOVA followed by Tukey’s multiple comparison 

tests). Sily-Silymarin. 

 

Table 4:68: Effect of Doxorubicin (DOX) and different treatments of AHE on 

testicular tissue protein, H2O2, nitrite content and lipid peroxidation 

Group  Protein 

(µg/mg 

Tissue) 

    H2O2 

(nM/min/mg 

Tissue) 

 Nitrite 

(content 

µM/ml) 

  TBARS 

(nM/min/mg 

protein) 

Control 1.558±0.0107
b
 2.408±0.0986

b
 41.92±0.2854

b
 3.019±0.1697

b
 

DOX 1.009±0.0807
a
 5.760±0.0748

a
 81.53±0.3290

a
 8.433±0.2849

a
 

AHE alone 1.561±0.0435
b
 2.349±0.0188

b
 40.85±0.1860

b
 2.981±0.2044

b
 

DOX+AHE (200) 1.38±0.039
b**,d

 4.03±0.0068
a,b,d

 64.76±0.6853
a,b,d

 6.178±0.1079
a,b,d

 

DOX+AHE (400) 1.496±0.0432
b
 3.17±0.0076

a,b,c
 44.15±0.3487

a*,b,c
 4.019±0.1813

a*,b,c
 

DOX+Sily  1.502±0.0387
b
 3.145±0.0112

a,b
 44.12±0.4676

a*,b
 4.149±0.1929

a*,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 
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Figure 4.20: Histopathological effect of Doxorubicin and protective effect of AHE in 

rat testes (H&E staining, magnification 10X and 40X). Group 1: Testicular tissue 

section from control rats showing normal feature of seminiferous epithelium and 

interstitial tissue with active spermatogenesis. Group 2: Tissue sections from DOX-

treated rats show marked degenerative changes with severe germ cell aplasia. Group 

3: Represents testes from AHE alone treated rats.  Group 4: AHE Low dose treatment 

showed reduced spermatogenesis and displaced interstitial cells. Group 5: AHE high 

dose treatment results in significant protection against CP induced testicular injury 

and displays nearly normal histioarchitecture. Group 6: Showed protective effect of 

Silymarin treatment. AHE- A. hydaspica methanol extract, CP-Cisplatin, L-Lumen, 

SE-Seminiferous epithelium,  ST-Seminiferous tubules, SB-Sperm bundles, Ld-

Leydig cells, VSE-vaculated seminiferous epithelium, GCs- Germ cells, IT- 

Interstitial tissue, DST-distended seminiferous tubules, DIT-Disrupted interstitial 

tissue , DSE- disorganized seminiferous epithelium, EL-Empty lumen, DIC-Displaced 

interstitial cells, NGC-No germ cells. 
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 Protective effect of AHE against doxorubicin induced cardiac toxicity 4.21

Doxorubicin (DOX) therapy is associated with irreversible and progressive 

cardiomyopathy.  Oxidative stress has been ascribed as dominant cause in DOX-

induced cardio-toxicity and is linked to redox cycling of the drug. Failure of 

antioxidant defense of cardio-myocytes marks the heart a major target for DOX 

injuriousness. The aim of the study was to evaluate whether AHE protects against 

oxidative damage and patho-morphological changes in heart prompted by DOX. 

Cardiac function test in serum, antioxidant and oxidative stress markers in tissue were 

inspected along histopathological examination. 

4.21.1 Effect of AHE on serum biomarkers of cardiotoxicity 

Table 4.69 illustrates the levels of serum cardio marker enzymes of different 

treatment group. Noteworthy (p < 0.0001) elevation in serum CK and CKMB content 

was revealed in case DOX administration verses control group. Co-administration of 

AHE ameliorated the toxic effect of DOX, and more pronounced effect observed in 

case of AHE high dose co-administration. AHE high dose preserved the enzyme 

status comparable to silymarin treated group. Similar levels of CK and CK-MB were 

recorded between AHE alone and control groups. 

4.21.2 Effect of AHE on cardiac antioxidant enzyme status 

Treatment with DOX led to significant (p < 0.0001) decrease in the cardiac 

tissue level of SOD, POD, CAT and QR, in comparison to control group. The results 

indicated that co-treatment of AHE with DOX significantly (p < 0.001) elevated the 

suppressed enzyme levels in a dose dependent way, when compared to DOX alone 

treated group.  Interestingly, administration AHE high dose to DOX treatment group 

normalized the activity of POD, SOD and CAT to the levels recorded in control, 

while QR content remains significantly low in comparison to control group (Table 

4.70).  

DOX-induced deterioration in cardiac tissue level of GSH, γ-GT, GR, GST, and GPx 

and ameliorative effect of AHE is shown in Table 4.71. Cardioprotective effect of 

AHE was evident from increase in myocardial glutathione status. Marked decrease (p 

< 0.0001) in activity of GSH, GR, GST, γ-GT and GPx were noticed in the cardiac 

tissue of DOX treated animals as compared to control animals. Co-treatment with 

AHE efficiently counteracted DOX-induced deterioration in cardiac antioxidant 
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enzyme level by significant and dose dependent amelioration of above mentioned 

enzymes. AHE high dose restored the depleted antioxidant enzymes to a greater 

extent nevertheless unsuccessful to restore the normal levels.  

Similar level of activity of investigated antioxidant enzymes was recorded 

between the DOX + AHE 400 mg/kg b.w. and DOX + Sily groups. However, no 

significant changes in the activity of all the above-mentioned enzymes were noticed 

between the AHE alone and control groups.  

4.21.3 Assessment of cardiac protein content, oxidative markers and lipid 

peroxidation 

DOX resulted in a notable (p < 0.0001) decrease in cardiac tissue protein 

content and all parameters of oxidative stress were highly (p < 0.0001) elevated 

compared to the control group. AHE co-treatment protect the cardiac tissue protein 

content; while significant decrease in the level of DOX-mediated increase in H2O2, 

NO and MDA in a dose dependent manner, as compared to DOX alone treated group. 

Treatment of animals with high dose of AHE restored MDA content to control values, 

while protein, H2O2 and NO levels remains significantly different from control group. 

AHE high dose co-treatment produces equal protection against CP induced alteration 

in cardiac tissue protein content and level of oxidative stress markers. AHE alone 

when administered orally throughout the study period showed no change in above 

mention parameters as compared to control group (Table 4.72). 

4.21.4 Histopathological examination of heart 

The histological sections of the heart tissue of normal control animals showed 

regular cardiomyocytes with no visible signs of degenerations, fibrosis or necrosis 

(Figure 4.21). DOX exposed group showed exclusive pathological changes in cardiac 

tissue morphology showing inflammatory infiltrations, eosinophilic degeneration, 

necrosis in muscle fibers, hypertrophy of muscle fibers, distortion in blood capillaries, 

blood vessels are engorged with blood, disturbance in the trabeculae of heart and 

retrogressive lacerations in muscle fibres, vacuolated muscle fibers and interstitial 

edema . Cardiac tissue sections from AHE (400 mg/kg b.w) + DOX group reveals 

myocardium of nearly normal appearance, significantly low occurrence of the 

degenerations and absence of necrosis, when compared with cardiac tissue sections 

from rats exposed only to DOX alone. However, AHE 200 mg/kg b.w co treatment 
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group presented lower incidence of histological cardiac abnormalities; irregular 

direction of cardiomyocytes, occasional interstitial edema, very mild inflammatory cell 

infiltrations and slight myocardium degenerations. However, the incidence of necrosis 

was lower than that in the groups exposed only to doxorubicin. Silymarin treatment 

showed normal cardiac muscle fibers with mild sign of toxicity in small restricted foci, 

less capillary dilatation and vacuolar changes in comparison to DOX-alone treated 

group, and most of the muscle fibers appear as control group indicating protective and 

comparable effects of AHE high dose treatment to silymarin. 
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Table 4:69: Effect of Doxorubicin (DOX) and different treatments of AHE on cardiac 

function tests 

Group  CK 

(U/l) 

CKMB 

(U/l) 

Control 101.3±0.8819
b
 24.03±0.3180

b
 

DOX 306.0±0.5487
a
 79.93±1.3871

a
 

AHE alone 101.1±0.5812
b
 23.40±0.4163

b
 

DOX+AHE (200) 160.6±0.8718
a,b,d

 44.47±0.3283
a,b,d

 

DOX+AHE (400) 119.2±0.6009
a,b,c

 30.17±1.0402
a**,b,c

 

DOX+Sily  119.0±0.6064
a,b

 29.30±0.6110
a**,b

 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 

 

Table 4:70: Effect of Doxorubicin (DOX) and different treatments of AHE on cardiac 

tissue antioxidant enzymes 

Group  POD 

(U/min) 

SOD 

(U/mg  

protein) 

CAT 

(U/min) 

QR 

(nM/min/mg 

protein) 

Control 10.66±0.538
b
 1.146±0.037

b
 15.76±0.118

b
 137.5±0.735

b
 

DOX 5.970±0.560
a
 0.7845±0.027

a
 9.025±0.090

a
 83.45±0.416

a
 

AHE alone 10.92±0.531
b
 1.145±0.049

b
 15.66±0.197

b
 137.7±0.392

b
 

DOX+AHE (200) 8.63±0.363
a,b**

 0.9799±0.027
b*

 12.87±0.297
a,b,d

 117.6±0.652
a,b,d

 

DOX+AHE (400) 9.600±0.3464
b
 1.042±0.025

b**
 14.95±0.216

b,c
 131.0±1.621

a**,b,c
 

DOX+Sily  9.590±0.3406
b
 1.055±0.053

b**
 14.93±0.256

b
 130.4±0.7148

a,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 
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Table 4:71: Effect of Doxorubicin (DOX) and different treatments of AHE on cardiac 

enzymatic antioxidant levels and GSH profile 

Group  GSH 

(µM/g 

tissue) 

GR   

(nM/min/mg 

protein) 

GST 

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

Protein) 

GPx 

(nM/min/mg 

Protein) 

Control 20.55±0.280
b
 154.9±0.96

b
 148.6±0.665

b
 303.5±0.811

b
 122.4±0.639

b
 

DOX 12.36±0.490
a
 108.7±1.095

a
 108.9±1.105

a
 98.54±1.106

a
 63.20±1.027

a
 

AHE alone 20.66±0.237
b
 155.6±0.439

b
 148.4±0.815

b
 306.9±0.401

b
 122.9±0.285

b
 

DOX+AHE 

(200) 

14.37±0.38
a,b*,d

 122.9±1.14
a,b,d

 122.8±0.984
a,b,d

 188.8±0.095
a,b,d

 85.37±0.540
a,b,d

 

DOX+AHE 

(400) 

18.59±0.44
a*,b

,
c
 141.2±1.00

a,b,c
 140.6±0.723

a,b,c
 291.6±0.69

a,b,c
 114.1±0.845

a,b,c
 

DOX+Sily  18.77±0.360
b
 140.3±1.55

a,b
 139.2±0.4623

a,b
 289.0±0.68

a,b
 115.9±1.290

a**,b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group.  
*, **

: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 

 

Table 4:72: Effect of Doxorubicin (DOX) and different treatments of AHE on cardiac 

tissue protein, H2O2, nitrite content and lipid peroxidation 

Group  Protein 

(µg/mg 

Tissue) 

H2O2 

(nM/min/mg 

Tissue) 

Nitrite 

(content 

µM/ml) 

TBARS 

(nM/min/mg 

protein) 

Control 1.638±0.033
b
 1.932±0.015

b
 42.59±0.552

b
 2.874±0.180

b
 

DOX 1.122±0.0323
a
 5.854±0.011

a
 78.12±0.499

a
 7.575±0.573

a
 

AHE alone 1.614±0.015
b
 1.911±0.049

b
 41.72±0.650

b
 2.859±0.086

b
 

DOX+AHE (200) 1.392±0.036
a,b

 3.950±0.003
a,b,d

 66.47±1.456
a,b,d

 6.159±0.091
a,b*,d

 

DOX+AHE (400) 1.490±0.018
a*,b

 2.719±0.006
a,b,c

 49.94±0.770
a,b,c

 3.258±0.167
b,c

 

DOX+Sily  1.509±0.027 
b
 2.645±0.004

a,b
 50.60±0.322

a,b
 3.233±0.151

b
 

Values expressed as mean±SEM. a: Significance at p < 0.0001 Vs. control group, b: 

Significance at p < 0.0001 Vs. Doxorubicin (DOX) group, c: Significance at p < 

0.0001 of DOX+AHE 400 mg/kg group Vs. DOX+AHE 200 mg/kg group. d: 

Significance at p < 0.0001 of AHE co-treatment groups Vs DOX+Sily group. 
*
: 

Significant difference at p < 0.05 and p < 0.001 respectively. Non-significant 

difference (p > 0.05) was recorded between control and AHE alone treated group in 

all parameters. (One way ANOVA followed by Tukey’s multiple comparison tests). 

Sily-Silymarin. 
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Figure 4.21: Histopathological effect of Doxorubicin and protective effect of AHE in 

rat heart (H&E staining, magnification 40X). Group 1: Cardiac section from control 

rats showing normal morphology.  Group 2: cardiac sections from DOX-treated rats 

reveal degenerative changes. Group 3: Represents cardiac section from AHE alone 

treated rats.  Group 4: AHE Low dose treatment showed reduced degenerations. 

Group 5: AHE high dose treatment results in significant protection against DOX 

induced cardiac injury. Group 6: Showed protective effect of Silymarin treatment. 

AHE- A. hydaspica ethyl acetate fraction, DOX-Doxorubicin, H-hypertrophy, N-

necrosis, CI-Cellular infiltrations.  
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 Isolation and structural characterization of active compounds from A. 4.22

hydaspica 

The ethyl-acetate (AHE) and n-butanol (AHB) fractions were the most active 

fractions in various bioactivity testing’s. On the basis of results of in vitro 

examinations AHE and AHB fractions of A. hydaspica were chosen for bioassay 

guided fractionation and purification of active compounds. Structures of purified 

compounds were elucidated by H NMR, 2D proton–carbon correlation experiments, 

HMQC, HMBC, DEPT, NOESY and mass spectrometric analysis (ESI and APCI). 

Compounds were identified by comparison of the physical spectral data with the 

previously reported in the literature. 

The isolated pure active compounds were tested for their prospective 

antioxidant action by employing 1,1-diphenyl-2-picrylhydrazyl (DPPH), nitric oxide 

scavenging potential, hydroxyl radical quenching potential, ferric reducing 

antioxidant power (FRAP) model system and total antioxidant capacity (TAC) 

measurement. 

The isolated pure active compound/compounds with antimicrobial activity was 

further tested against respective microbial strains to get MIC50 values (concentration 

inhibiting 50% growth)  

Isolated pure cytotoxic compounds were further investigated for cell death and 

signal modulatory effects in PC-3 and MDA-MB-231 cell lines as models of 

aggressive prostate and breast cancer. Results provide evidence that A. hydaspica 

compounds (AHCs) have potential for therapeutic use against human prostate and 

breast cancers.  

4.22.1 VLC separation of AHE fraction 

By using silica gel on vacuum liquid chromatographic (VLC) separation 

column AHE was initially fractionated into 12 fractions (VLC-AHE/F1-F12). 

Fractions were subjected to antioxidant, antimicrobial and cytotoxic screening. 

4.22.1.1 Antioxidant screening of VLC-AHE fractions 

For initial antioxidant screening of partitioned fractions DPPH radical 

scavenging assay was selected. Subsequently most active pure compounds were tested 

against various antioxidant reaction systems. Table 4.73 summarized the EC50 values 

of VLC-AHE/F1-12 fractions against DPPH radical scavenging assay. Results indicate 
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that all partitioned fractions showed antioxidant potential, hence the fractions with low 

EC50 values were selected for further fractionation. VLC-AHE-F4-F6 fractions showed 

nearly similar EC50 values were combined and subjected to further fractionation.  

4.22.1.2 Antimicrobial screening of VLC-AHE fractions 

Antimicrobial activity of all the 12 VLC fractions (VLC-AHE/F1-F12) was 

carried out against seven bacterial, two yeast and two fungal strains using micro-broth 

dilution assay. Initial antimicrobial screening was performed with 200 µg/ml dose of 

eluted fractions. Percent bacterial growth inhibition exhibited by each eluted fraction is 

shown in Table 4.74, whereas and fungal growth inhibition exhibited by VLC-AHE 

fractions is depicted in Table 4.75. Results indicate that fractions VLC-AHE/F4-F6, 

eluted with 7:3 to 5:5 ratio of DCM: MeOH solvent showed comparatively high 

antimicrobial activity against tested strains in comparison to other fractions.  

4.22.1.3 Cytotoxic screening of VLC-AHE fractions 

To specifically investigate the effects of A. hydaspica on cancer cell viability, 

2 solid tumor cell lines were chosen. PC-3 was an androgen-independent prostate 

cancer cell line and MDA-MB-231 was a triple negative breast cancer cell line. PC-3 

and MDA-MB-231 cells were grown in 96-well plates and treated with various 

concentrations of partitioned fractions to get the IC50 values. To assess the 

antiproliferative activity, the Cell Titer 96® Aqueous One assay was performed; 

which catalyzed the conversion of a MTS tetrazolium compound to a colored 

formazan product, whose absorbance is directly proportional to the number of 

metabolically active cells, thus measures cell growth. In PC-3 cells; all 12 VLC-AHE 

fractions showed cytotoxic activity, however with variable potency indicated by IC50 

values ranged from 25.19 ± 0.91 to 158.8 ± 0.89 µg/ml. In MDA-MB-231 cells, VLC-

AHE fractions F1-F7 showed anti-proliferative effect and their IC50 values ranged 

from 21.36 ± 0.66 to 126.2 ± 0.25 µg/ml. Table 4.76 showed the IC50 values of VLC 

partitioned fractions against PC-3 and MDA-MB-231 cells. VLC-AHE/F4-F6 showed 

lower IC50 values against both tested cell lines, hence selected for further purification 

of active compounds.  
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Table 4:73: Antioxidant activity of VLC-AHE fractions 

Fractions  EC50 value (µg/ml) 

AHE/F1 22.3±0.45 

AHE/F2 20.1±0.55 

AHE/F3 18.5±0.25 

AHE/F4 7.36±0.10 

AHE/F5 7.16±0.05 

AHE/F6 7.29±0.15 

AHE/F7 16.12±0.20 

AHE/F8 13.26±0.23 

AHE/F9 16.39±0.30 

AHE/F10 14.63±0.35 

AHE/F11 20.11±0.05 

AHE/F12 17.21±0.21 

Values are expressed in mean±SEM (n=3).  

 

Table 4:74: Antibacterial activity of VLC-AHE fractions (Percent growth inhibition) 

Samples S. 

aureus 

E. 

coli 

P. 

aeruginosa 

E. 

faecalis 

K. 

pneumoniae 

A. 

baumannii 

B. 

subtilis 

AHE/F1 -12 -4 -7 -9.6 -22 -3 26 

AHE/F2 7 4 3 -5.7 -11 -12 18 

AHE/F3 9 19 9 2.6 -3 -28 16 

AHE/F4 46 54 22 13.2 10 7 70 

AHE/F5 43 58 27.1 11.7 8 9 65 

AHE/F6 40 55 25.5 15.2 9.5 8 69 

AHE/F7 3 10 10 7.1 -2 -2 38 

AHE/F8 -36 16 11 -4 -2 -5 22.1 

AHE/F9 10 12 12 12 -10 1 25.6 

AHE/F10 -4 10 -16 11 -24 4 34 

AHE/F11 7 10 5 3 -14 -3 30.1 

AHE/F12 9 15 3 7 -10 -12 33.6 

Tetracyclin 94 95 95 - 93 95 96 

Penicillin G - - - 94 - - - 
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Table 4:75: Antifungal activity of VLC-AHE fractions (Percent Growth Inhibition) 

VLC 

fractions/antibiotic 

C. 

Neoformans 

C. 

albicans 

 F. 

Solani 

A. 

niger 

AHE/F1 -4.52 4.1  12.1 -10.6 

AHE/F2 -5.51 5.13  13 -7.7 

AHE/F3 -3.62 11.3  9.6 8.6 

AHE/F4 11.29 34.7  75.6 63.2 

AHE/F5 10.92 32.7  73.6 71.7 

AHE/F6 9.35 31.6  75.5 65.2 

AHE/F7 -2.89 10.1  10.5 9.1 

AHE/F8 4.88 12.8  14.5 14 

AHE/F9 2.31 12.1  16.9 12.9 

AHE/F10 4.41 1.2  -16 16.2 

AHE/F11 2.36 5.3  5.6 3.9 

AHE/F12 1.66 -20.9  3.6 12.1 

Amphotericin B 94.9 82.70  90.1 92.4 

 

Table 4:76: Cytotoxic effect of A. hydaspica AHE and VLC-AHE fractions on MDA-

MB-231 and PC-3 cells 

VLC fractions MDA-MB-231 PC-3 

AHE 39.56±0.51 32.26±0.51 

AHE/F1 80.36±0.23 89.56±0.31 

AHE/F2 84.45±0.33 101.4±0.20 

AHE/F3 90.26±0.32 75.36±0.11 

AHE/F4 21.36±0.66 25.19±0.91 

AHE/F5 24.32±0.95 26.36±1.01 

AHE/F6 22.14±0.87 27.04±0.64 

AHE/F7 126.2±0.25 81.66±0.62 

AHE/F8 - 120.2±0.33 

AHE/F9 - 120.2±0.20 

AHE/F10 - 151.2±0.34 

AHE/F11 - 110.5±0.60 

AHE/F12 - 158.8±0.89 

Each value expressed as mean ± SEM (n=3). IC50 values of extract and fractions are 

presented in µg/ml. -; indicate no effect 
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4.22.2 Flash Liquid chromatography (ISCO) 

The VLC-AHE/F4-F6 fractions (4 g) were combined together by dissolving in 

methanol and loaded dried after mixing in neutral acid wash. The fractions were 

loaded on CombiFlash system employing a silica gel using DCM as solvent: A and 

MeOH as solvent: B. For initial 5mins an initial isocratic run with 0% A was 

performed, then 5.3% B for next 3.2 min, 7.4 % B from 10-28min and 10.3% B from 

29-44 min. Then linear gradient was selected for the run on CombiFlash systems as it 

provided adequate resolution for most compounds. This gradient was useful for 

purifying natural products where the desired compound was not known. However the 

gradient was adjusted according to the appearance of spectral peaks. On the 

appearance of each spectral peak an isocratic hold was performed to the end of the 

run’s maximum % B gradient profile until the whole peak became eluted, hence 

producing a stepped gradient appearance on the plot area. Figure 4.22 showed the 

spectral chromatogram obtained from CombiFlash systems showing and pattern of 

run and peaks. The first peak appeared at RT of 19-20 min with 7.4 % B collected in 

two tube comprising 10 ml solvent. The 2
nd

 spectral peak spiked shortly after the first 

peak at RT 23 min and starts to end at RT 25 min, collected in tubes 26-34 as shown 

in Figure 4.22.  The 3
rd

 peaks spiked between RT 37-41 min with 10.3% B and 

collected in tubes 48-59. With increase in % B to 16%, a wide big peak between RT 

44-56 min appears and collected in tubes from number 63 in rack A of collector to 

tube 11 of rack B. The 5
th

 spectral peak appears with 26% B at RT of 64-68 min and 

the last peak appear with 60% B at RT of 76-81 min, collected in tubes 26-38 and 48-

61 of rack B respectively. 146 fractions were collected with flash liquid 

chromatography and pooled into 12 fractions (ISCO-AHE/F1-F12) as shown by 

yellow lines on chromatogram, according to their similar TLC pattern and ISCO 

chromatogram spectral peaks. The ISCO-AHE/F1-F12 fractions were tested for 

antioxidant, antimicrobial and cytotoxic activity against PC-3 and MDA-MB-231 

cells. The active fractions were submitted for HPLC and 
1
H NMR for the detection of 

compounds. 
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Figure 4.22: ISCO chromatogram showing the step gradient run and pattern of 

spectral peaks, yellow lines indicates the pooling arrangement of fractions. 
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4.22.2.1 Antioxidant screening of ISCO fractions 

Antioxidant screening of partitioned ISCO-AHE/F1-F12 was performed by 

using DPPH radical quenching assay. DPPH radical quenching test is a fast and easy 

scheme for detection of antioxidant compounds. Fractions were tested at various 

concentrations (0-200 µg/ml) and EC50 value of each fraction was calculated. Table 

4.77 summarized the EC50 values of ISCO-AHE/F1-F12. Results indicated that all 

fractions possessed antioxidant activity; hence the fractions with low EC50 values were 

selected for further purification or structure elucidation. ISCO-AHE/F3, F5 and F7 

showed maximum scavenging potential with lowest EC50 values, were submitted for 

NMR and spectroscopic analysis. Analytical HPLC and 
1
H NMR of ISCO-AHE/F3, 

F5 and F7 indicated that these three fractions are pure compounds. The details of 

structure elucidations are discussed in NMR analysis section. The pure compounds 

were tested against different antioxidant systems viz. diphenyl-2-picrylhydrazyl 

(DPPH), nitric oxide scavenging potential, hydroxyl radical scavenging potential, 

ferric reducing antioxidant power (FRAP) model system and total antioxidant capacity 

(TAC) measurement and detailed results of each compound against each oxidant 

system are described in compound bioactivity section. 

4.22.2.2 Antimicrobial screening of ISCO fractions 

Antimicrobial activity of all the 12 ISCO fractions (ISCO-AHE/F1-F12) was 

checked against seven bacterial, two yeast and two fungal strains on 96-well culture 

plates by micro-broth dilution method. Results of antimicrobial activity of isolated 

fractions are summarized in Table 4.78 and 4.79. 

Similar to VLC fractions initial antimicrobial screening was performed with 

200 µg/ml dose of eluted fractions. Percent bacterial growth inhibition revealed by 

each fraction/compound is shown in Table 4.78, whereas and fungal growth inhibition 

by ISCO-AHE fractions is depicted in Table 4.79. Results indicated that only one 

ISCO fraction (ISCO-AHE/F3) showed comparatively high antimicrobial activity 

against tested strains in comparison to other fractions/compounds. This is pure 

compounds as indicated by NMR. ISCO-AHE/F3 (Compound 4) showed maximum 

growth-inhibiting activity against one Gram –ive (E. coli) and two Gram +ive (B. 

subtilus and S. aureus) bacteria. The minimal inhibition concentrations (MIC) were 

determined only for the microorganism found to be sensitive to respective fraction. 

Table 4.78 indicates that the MIC50 values of ISCO-AHE/F3 (Compound 4) against 
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susceptible strains ranged from 21.5-39.0 µg/ml while ISCO-AHE/F5 (Compound 2) is 

moderately active against E. coli (MIC=151.2 µg/ml) and ISCO-AHE/F7 (Compound 

1) showed good antibacterial activity only against B. subtilus (MIC=59.3 µg/ml).  

Likewise antibacterial assays the antifungal activity of ISCO 

fractions/compounds were evaluated at 200 µg/ml initial concentration and active 

fractions/compounds were further serially diluted to get the MIC values against 

susceptible strains. Table 4.79 shows the antifungal activity of A. hydaspica isolated 

fractions/compounds from AHE. Result showed that ISCO-AHE/F3 (Compound 4) is 

the major component of A. hydaspica responsible for the strong antimicrobial activity.   

4.22.2.3 Cytotoxic screening of ISCO fractions 

Acacia hydaspica isolated fractions/compounds from CombiFlash 

chromatographic separation were screened for anti-proliferative effect against PC-3 

and MDA-MB-231 cancer cell lines to obtain the active metabolite responsible for the 

bioactivity. PC-3 and MDA-MB-231 cells were grown in 96-well plates and treated 

with various concentrations of fractions/compounds to get the IC50 values for each cell 

line. The Cell Titer 96® Aqueous One assay was performed to assess the cell viability. 

In PC-3 cells; all VLC-AHE fractions showed cytotoxic activity, however 

with different effectiveness indicated by IC50 values ranged from 10.50±0.85 µg/ml to 

168.8±0.89 µg/ml. The most active cytotoxic fractions against PC-3 cell are ISCO-

AHE/F3 (Compound 4), AHE/F5 (Compound 2) and AHE/F7 (Compound 1) showing 

IC50 values of 10.50 ± 0.85 µg/ml, 41.20 ± 0.36 µg/ml and 43.50 ± 0.53 µg/ml 

respectively. 

MDA-MB-231 cells show responsiveness to only three ISCO fractions viz. ISCO-

AHE/F3 (Compound 4), ISCO-AHE/F9 and ISCO-AHE/F11. IC50 values shown by 

above mentioned fractions are 12.30 ± 0.44 µg/ml, 104.1 ± 0.24 µg/ml and 109.0 ± 

0.51 µg/ml respectively. Hence the AHE/F3 (Compound 4) is the active component 

responsible for the observed antiproliferative effect against MDA-MB-231. Table 

4.80 showed the IC50 values ISCO fractions against PC-3 and MDA-MB-231 cells. 

ISCO-AHE/F3, F5 and F7 showed lower IC50 values hence submitted for detailed 

structure elucidation and spectroscopic analysis of compounds purity. 
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Table 4:77: Antioxidant activity of A. hydaspica: Isolated fractions/compounds from 

AHE by flash chromatography (ISCO) 

Fractions  IC50 value (µg/ml) 

AHE/F1 26.3±0.45 

AHE/F2 23.1±0.55 

AHE/F3 3.6±0.25 

AHE/F4 7.66±0.10 

AHE/F5 4.16±0.05 

AHE/F6 8.29±0.15 

AHE/F7 5.10±0.25 

AHE/F8 16.66±0.26 

AHE/F9 17.59±0.31 

AHE/F10 18.73±0.40 

AHE/F11 23.31±0.06 

AHE/F12 19.21±0.29 

Values are expressed in mean±SEM (n=3). 
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      Table 4.78: Antibacterial activity of A. hydaspica: Isolated fractions/compounds from AHE by flash chromatography (ISCO) 

                                                                                      Microorganism 

                         Gram + ive                                         Gram – ive 
 

Samples 

S.  

aureus  

E.  

faecalis 

B.  

Subtilis 

 

 

 E. 

Coli 

P.  

aeruginosa 

K. 

pneumoniae 

A.  

baumannii 

  

MIC50 

%  

GI 

 

MIC50 

%  

GI 

 

MIC50 

%  

GI 

 

 

 

MIC50 

%  

GI 

 

MIC50 

% 

 GI 

 

MIC50 

%  

GI 

 

MIC50 

%  

GI 

AHE/F1 _ -14 _ -2 _ 2  _ -1 _ 6 _ -11 _ -11 

AHE/F2 _ -10 _ 5 _ 22  _ 21 _ 9 _ -3 _ -4 

AHE/F3 39.1  91 _ 44 23 90  21.5 99 _ 46 _ 31 _ 25 

AHE/F4 _ -17 _ 11 _ 41  _ 36 _ 13 _ 10 _ 5 

AHE/F5 _  21 _ 18 _ 46  151.2 62 _ 15 _ 8 _ 11 

AHE/F6 _ -10 _ -3 _ 31  _ 5 _ 4 _ 3.5 _ -1 

AHE/F7 _  24 _ 16 59.3 71  _ 24 _ 1 _ 6.6 _ -3 

AHE/F8 _   3 _ 5 _ 18  _ 3 _ -3 _ -4 _ -6 

AHE/F9 _   2 _ 7 _ 43  _ 48 _ 11 _ -3 _ -12 

AHE/F10 _ -10 _ -2 _  8  _ 16 _ 9 _ -14 _ 6 

AHE/F11 _  25 _ 26 _ 13  _ 36 _ -6 _ -6 _ -14 

AHE/F12 _ -11 _ -7 _ -16  _ -3 _ -5 _ -11 _ -5 

Tetracycline _  95 _ _ _ 99  _ 96 _ 94 _ 95 _ 96 

Penicillin G _  _ _ 94 _ _  _ _ _ _ _ _ _ _ 

-; not done, MIC50 (Minimum inhibitory concentration resulting in 50% growth inhibition in µg/ml) and GI (growth inhibition at 200 µg/ml) 
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Table 4:79: Antifungal activity of A. hydaspica: Isolated fractions/compounds from 

AHE by flash chromatography (ISCO) 

 Microorganisms 

 Yeast  Fungi  

Samples C. neoformans C. albicans F. solani A. niger 

  

MIC50 

% 

GI 

 

MIC50 

% 

GI 

 

MIC50 

% 

GI 

 

MIC50 

% 

GI 

AHE/F1 - -3.52 - 1.1 - 12.1 - -11.6 

AHE/F2 - -2.51 - 1.13 - 13 - -6.7 

AHE/F3 - 20.62 - 30.3 33.9 87.2 41.5 86.3 

AHE/F4 - 0.29 - 4.7 - 5.6 - 3.2 

AHE/F5 - 2.92 - 2.7 - 13.6 - 1.7 

AHE/F6 - 3.35 - 1.6 - 5.5 - 5.2 

AHE/F7 - 5.89 - 8.1 - 5.5 - 1.1 

AHE/F8 - 1.88 - 1.8 - 4.5 - 4 

AHE/F9 - 1.31 - 0.1 - 6.9 - 2.9 

AHE/F10 - 3.41 - 1.5 - -26 - 6.2 

AHE/F11 - 1.36 - 3.3 - 6.6 - 1.9 

AHE/F12 - 3.66 - -10.9 - 4.6 - 2.1 

Amphoterici-

n B 

- 94.9 - 82.70 - 90.1 - 92.4 

-; not done, MIC50 (Minimum inhibitory concentration resulting in 50% growth 

inhibition in µg/ml) and GI (growth inhibition at 200 µg/ml). 

 

Table 4:80: Cytotoxic effect of A. hydaspica: Isolated fractions/compounds from 

AHE by flash chromatography (ISCO) 

ISCO 

fractions/compounds 

MDA-MB-231 PC-3 

AHE/F1 - - 

AHE/F2 - 151.4±0.20 

AHE/F3 12.30±0.44 10.50±0.85 

AHE/F4 - 52.35±0.55 

AHE/F5 - 41.20±0.36 

AHE/F6 - 71.20±0.42 

AHE/F7 - 43.50±0.53 

AHE/F8 - 131.2±0.23 

AHE/F9 104.1±0.24 130.2±0.50 

AHE/F10 - 121.2±0.54 

AHE/F11 109.0±0.51 130.5±0.60 

AHE/F12 - 168.8±0.89 

Each value expressed as mean ± SEM (n=3). IC50 values of extract and fractions are 
presented in µg/ml. -; indicates no effect. 
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 Bioassay guided fractionation and isolation of compounds from AHB 4.23

4.23.1  Vacuum liquid chromatography 

By using C18 on vacuum liquid chromatographic (VLC) separation column 

using mixtures of dH2O: MeOH in varying proportions. AHB is initially partitioned 

into 10 fractions (VLC-AHB/F1-F10) on the basis of similar TLC patterns. These VLC 

separated fractions were subjected to antioxidant, antimicrobial and cytotoxic 

screening tests.  

4.23.1.1 Antioxidant screening of VLC-AHB fractions 

Table 4.81 summarized the EC50 values of VLC-AHB/F1-10 fractions against 

DPPH radical scavenging assay. Results demonstrate that all partitioned fractions 

showed significant antioxidant potential, hence the fractions with lowest EC50 values 

were selected for further purification and identification of active components. VLC-

AHB-F1 eluted with 100% fractions (highly polar) showed lowest EC50 values 

compared to other fractions hence and subjected to further purification by Sephadex 

LH20 column chromatography.                                

4.23.1.2 Antimicrobial screening of VLC-AHB fractions 

Antimicrobial activity of all the 10 VLC fractions (VLC-AHB/F1-F10) was 

carried out against seven bacterial, two yeast and two fungal strains using micro-broth 

dilution assay. Initial antimicrobial screening was performed with 200 µg/ml dose of 

eluted fractions. Results indicate that only VLC-AHB/F1 showed moderate (65%) 

growth inhibitory activity against S. aureus, while other microbial strains showed 

resistance. On Other VLC-AHB fractions showed no activity against any of the tested 

microbial strain. 

4.23.1.3 Cytotoxic screening of VLC-AHB fractions 

Cytotoxic screening of VLC-AHB fractions was performed against PC-3 and 

MDA-MB-231 cancer cell lines. In both PC-3 and MDA-MB-231 cells; all 10 VLC-

AHB fractions showed anti-proliferative activity, however with variable potency 

indicated by IC50 values ranged from 25.19 ± 0.91 to 158.8 ± 0.89 µg/ml. In MDA-

MB-231 cells, VLC-AHB fractions F1-F8 showed anti-proliferative effect and their 

IC50 values ranged from 23.56 ± 0.49 to 126.2 ± 0.25 µg/ml. Table 4.82 showed the 

IC50 values of VLC partitioned AHB fractions against PC-3 and MDA-MB-231 cells. 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            232 

 

VLC-AHB/F1 showed lower IC50 values against both tested cell lines, hence selected 

for further purification of active compounds.  

Table 4:81: Antioxidant activity of VLC-AHB fractions 

Fractions  EC50 value (µg/ml) 

AHB/F1 6.36±0.20 

AHB /F2 26.1±0.51 

AHB /F3 28.5±0.25 

AHB /F4 19.36±0.10 

AHB /F5 19.16±0.05 

AHB /F6 20.29±0.15 

AHB /F7 26.12±0.20 

AHB /F8 23.26±0.23 

AHB /F9 16.39±0.30 

AHB /F10 24.63±0.35 

Values are expressed in mean±SEM (n=3).  

Table 4:82: Cytotoxic effect of A. hydaspica AHB and VLC-AHB fractions on MDA-

MB-231 and PC-3 cells 

VLC fractions MDA-MB-231 PC-3 

AHB 32.65±0.41 35.68±0.45 

AHB/F1 23.56±0.49 25.56±0.92 

AHB /F2 54.45±0.33 61.4±0.20 

AHB /F3 60.26±0.32 70.36±0.11 

AHB /F4 51.36±0.66 65.19±0.91 

AHB /F5 64.32±0.95 56.36±1.01 

AHB /F6 52.14±0.87 57.04±0.64 

AHB /F7 126.2±0.25 61.66±0.62 

AHB /F8 123.1±0.26 120.2±0.33 

AHB /F9 - 124.2±0.20 

AHB /F10 - 121.2±0.34 

Each value expressed as mean ± SEM (n=3). IC50 values of extract and fractions are 

presented in µg/ml. -; indicates no effect.  
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4.23.2 Sephadex LH 20 column chromatography 

The active fraction VLC-AHB/F1 was further purified on Sephadex LH 20 

chromatography. On sephadex LH 20 column methanol solvents is used as a mobile 

phase. Eluted fractions were pooled into 8 fractions (Sp-AHB/F1-F8) on the basis of 

similar TLC behavior. Eight fractions obtained from sephadex separation step were 

submitted for bioactivity analysis.  

4.23.2.1 Antioxidant screening of Sp-AHB fractions 

Table 4.83 summarized the EC50 values of Sp-AHB/F1-F8 fractions against 

DPPH radical scavenging assay. Fractionation of butanol active fraction VLC-AHB/F1 

through sephadex gave 3 active antioxidant fractions viz. Sp-AHB/F4, F5 and F6.  The 

EC50 values of these three fractions are lower than other fractions. The lowest EC50 

against DPPH radical was shown by Sp-AHB/F4, hence analyzed by HPLC 

spectroscopic analysis to check whether its pure compound or further purification is 

required. 

4.23.2.2 Antimicrobial screening of Sp-AHB fractions 

As VLC-AHB/F1 showed only activity against S. aureus, therefore Sp-

AHB/F1-F8 were tested only against this strain to get the active component. 

Antimicrobial activity of Sp-AHB/F1-F8 against S. aureus was carried out using 

micro-broth dilution assay. 100 µg/ml dose of each fraction was used for initial 

screening against S. aureus. Results showed that 4 fractions (Sp-AHB/F3-F6) 

obtained from this isolation step possess antibacterial activity against S. aureus. One 

fraction Sp-AHB/F4 showed lowest MIC50 (concentration inhibiting 50% growth of 

bacteria) of 17.1 µg/ml. Remaining 4 fractions (Sp-AHB/F, F2, F7 and F8) showed no 

activity against S. aureus (Table 4.84). Therefore Sp-AHB/F4 contains major 

components responsible for the antibacterial activity. 

4.23.2.3 Cytotoxic screening of Sp-AHB fractions 

Cytotoxic screening of Sp-AHB/F1-F8 fractions was performed against PC-3 

and MDA-MB-231 cancer cell lines. All 8 Sp-AHB fractions showed anti-

proliferative activity against PC-3 cell line. In MDA-MB-231 cells, Sp-AHB fractions 

F4-F6 showed anti-proliferative effect and their IC50 values ranged from 18.59 ± 0.51 

to 54.32 ± 0.55 µg/ml. Table 4.85 showed the IC50 values of Sp-AHB fractions 

against PC-3 and MDA-MB-231 cells. Sp-AHB/F4 showed lowest IC50 values against 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            234 

 

both tested cell lines, hence analyzed by HPLC spectroscopic analysis and further 

purified by semi-prep HPLC.  

4.23.2.4 HPLC analysis of Sp-AHB/F4  

HPLC Chromatographic examination was conceded out using HPLC-DAD 

equipped with C18 column analytical column in order to check whether the Sp-

AHB/F4 is a pure compound or an enriched fraction needed more bioassay guided 

purification steps. HPLC was performed using mobile phase A: H2O and mobile 

phase B: acetonitrile. HPLC chromatogram of Sp-AHB/F4 indicated that this is an 

enriched fraction not pure compound (Figure 4.23 and 4.24). Therefore Sp-AHB/F4 

was further purified by semi-prep HPLC and eluted fractions were submitted for 

bioactivity analysis. The analytical method of run also help to develop method for 

semi-prep HPLC, as the peak resolution was not good in this run and in order to 

collect each fraction with less impurities peaks were resolved properly. 

4.23.3 Semi-preparative reverse phase high performance liquid chromatography 

Active fraction Sp-AHB/F4 was further refined by semi-preparative high 

performance liquid chromatography (Semi-prep RP-HPLC) using C18 column. The 

fractions were eluted using mobile phase A: H2O and mobile phase B: acetonitrile. 

Analytical HPLC by using altered mobile phases was performed for optimization of 

conditions for fractionation by Semi-prep RP-HPLC. The spectrum was monitored at 

λ 220, 254, 280 and 330 nm. The fractions were pooled on the basis of chromatogram 

peaks in to10 fractions (RP-HPLC-AHB/F1-F10) eluted at different retention times 

with different pattern of UV absorption. Figure 4.25 shows the Semi-prep HPLC 

chromatograph of Sp-AHB/F4. These 10 fractions collected by Semi-prep RP-HPLC 

were tested for antioxidant, antibacterial and cytotoxic activities. 

4.23.3.1 Antioxidant screening of semi-prep RP-HPLC-AHB fractions 

The EC50 values of RP-HPLC-AHB/F1-F10 fractions against DPPH radical 

scavenging assay are summarized in Table 4.86. Purification of Sp-AHB/F4 through 

Semi-prep RP-HPLC gave 2 most active antioxidant fractions viz. RP-HPLC-AHB/F5 

and F6. The EC50 values of these two fractions were lower than other fractions. The 

lowest EC50 against DPPH radical was shown by RP-HPLC-AHB/F5 hence was 

analyzed by HPLC spectroscopic analysis. 
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4.23.3.2 Antimicrobial screening of semi-prep RP-HPLC-AHB fractions 

Antimicrobial activity of RP-HPLC-AHB/F1-F10 against S. aureus was 

carried out using micro-broth dilution assay. 100 µg/ml dose of each fraction was 

used for initial screening against S. aureus. Results showed that only one fraction 

(RP-HPLC-AHB/F5) possess antibacterial activity against S. aureus. RP-HPLC-

AHB/F5 was eluted between RT 13.45-14.042 min and showed wide clear spectral 

peak at 254 and 280 nm. MIC50 (concentration inhibiting 50% growth of bacteria) 

value of RP-HPLC-AHB/F5 was shown to be 12.1 µg/ml (Table 4.87). Remaining 

fractions showed no activity against S. aureus therefore RP-HPLC-AHB/F5 was the 

major components responsible for the antibacterial activity. This fraction was 

analyzed by spectroscopic and NMR analysis to determine the purity and identity of 

compound. 

4.23.3.3 Cytotoxic screening of RP-HPLC-AHB fractions 

Results of anti-proliferative activity of RP-HPLC-AHB/F1-F10 against PC-3 

and MDA-MB-231 cancer cell lines are illustrated in Table 4.87. Four fractions RP-

HPLC-AHB/F4, F5, F6 and F8 showed anti-proliferative activity against PC-3 cell 

line and their IC50 values are shown in Table 4.88. Whereas only one fraction; RP-

HPLC-AHB/F5 showed anti-proliferative effect against MDA-MB-231 cells, 

moreover RP-HPLC-AHB/F5 fraction showed lowest IC50 values against both tested 

cell lines. Analytical HPLC of this active fraction showed single peak (Figure 4.27), 

indicating that this fraction was a pure compound and was the major compound 

besides other enriched fractions responsible for the bioactivities shown by AHB. 
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Table 4:83: Antioxidant activity of Sp-AHB fractions 

Fractions  EC50 value (µg/ml) 

AHB/F1 16.36±0.23 

AHB/F2 15.1±0.61 

AHB/F3 18.5±0.15 

AHB/F4 5.36±0.19 

AHB/F5 11.16±0.15 

AHB/F6 16.29±0.25 

AHB/F7 20.12±0.28 

AHB/F8 17.26±0.33 

Values are expressed in mean±SEM (n=3).  

 

Table 4:84: Antibacterial activity of A. hydaspica isolated fractions from AHB by 

Sephadex LH20 chromatography against S. aureus 

                                                                    Microorganism 

Samples S. aureus 

 MIC % GI 

AHB/F1 - -14 

AHB/F2 - -10 

AHB/F3 53.1 78.3 

AHB/F4 17.1 90.0 

AHB/F5 55.2 76.6 

AHB/F6 64.9 70.2 

AHB/F7 - 2 

AHB/F8 - -3 

Tetracyline - 96 

-; not done, MIC50 (Minimum inhibitory concentration resulting in 50% growth 

inhibition in µg/ml) and GI (growth inhibition at 100 µg/ml). 
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Table 4:85: Cytotoxic effect of A. hydaspica Sp-AHB fractions on MDA-MB-231 and 

PC-3 cells 

Fractions MDA-MB-231 PC-3 

AHB/F1 - 65.56±0.52 

AHB/F2 - 69.4±0.25 

AHB/F3 - 73.96±0.19 

AHB/F4 18.59±0.51 19.21±0.55 

AHB/F5 54.32±0.55 86.36±1.21 

AHB/F6 52.14±0.97 77.04±0.74 

AHB/F7 - 81.66±0.68 

AHB/F8 - 129.2±0.53 

Each value expressed as mean ± SEM (n=3). IC50 values of extract and fractions are 

presented in µg/ml. -; indicates no effect.  

 

Figure 4.23: Analytical HPLC Chromatogram of Sp-AHB/F4 at 280nm. Method: 0 

min-5min; 15% B in 85% A (isocratic run), 5–25min; up to 50% B in 50% A, 25-

30min; upto 100% B, 30.1-35min; 15% B in 85% A (isocratic run). 
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Figure 4.24: Analytical HPLC Chromatogram of Sp-AHB/F4 at various wavelengths. 

Method: 0 min-5min; 15% B in 85% A (isocratic run), 5–25min; up to 50% B in 50% 

A, 25-30min; upto 100% B, 30.1-35min; 15% B in 85% A (isocratic run). 
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Figure 4.25: Semi-prep RP-HPLC chromatograph of Sp-AHB/F4 fraction indicating 

the partitioning of fractions according to the spectral peaks. Method: 0 min - 5min; 

15% B in 85% A (isocratic run), 5 - 25 min; up to 70% B in 30% A, 25 - 27min; up to 

100% B, 27.1 - 32 min; 15% B in 85% A (isocratic run). 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            240 

 

Table 4:86: Antioxidant activity of Semi-prep RP-HPLC-AHB fractions 

Fractions  EC50 value (µg/ml) 

AHB/F1 15.16±0.53 

AHB/F2 14.12±0.31 

AHB/F3 16.51±0.15 

AHB/F4 10.36±0.19 

AHB/F5 4.10±0.15 

AHB/F6 14.29±0.28 

AHB/F7 18.12±0.28 

AHB/F8 16.26±0.33 

AHB/F9 19.22±0.35 

AHB/F10 13.22±0.36 

Values are expressed in mean±SEM (n=3).  

 

Table 4:87: Antibacterial activity of A. hydaspica isolated fractions from AHB by 

Semi-prep RP-HPLC against S. aureus 

                                                                          Microorganism 

Samples           S. aureus 

 MIC % GI 

AHB/F1 - -10 

AHB/F2 - -11 

AHB/F3 - 10 

AHB/F4 - 18.3 

AHB/F5 12.1 92.0 

AHB/F6 - 36.6 

AHB/F7 - 5.2 

AHB/F8 - 13.2 

AHB/F9 - -6 

AHB/F10 - 1 

Tetracyline - 96 

-; not done, MIC50 (Minimum inhibitory concentration resulting in 50% growth 

inhibition in µg/ml) and GI (growth inhibition at 100 µg/ml). 
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Table 4:88: Cytotoxic effect of A. hydaspica isolated fractions from AHB by Semi-

prep RP-HPLC on MDA-MB-231 and PC-3 cells 

Fractions MDA-MB-231 PC-3 

AHB/F1 - - 

AHB/F2 - - 

AHB/F3 - - 

AHB/F4 - 69.21±0.65 

AHB/F5 13.30±0.81 10.10±0.61 

AHB/F6 - 70.04±0.73 

AHB/F7 - - 

AHB/F8 - 79.2±0.59 

AHB/F9 - - 

AHB/F10 - - 

Each value expressed as mean ± SEM (n=3). IC50 values of extract and fractions are 

presented in µg/ml. -; indicates no effect.  
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 Structure characterization of purified active component isolated from A. 4.24

hydaspica  

Bioassay directed fractionation of A. hydaspica led to the isolation of three 

active pure compounds from AHE and one major active pure compound from AHB 

beside the active enriched fractions. The purity of active fractions was determined on 

the basis of absorption spectrum obtained by analytical RP-HPLC analysis. 

Absorption spectra of the purified active constituent from AHE and AHB were 

achieved at 210-600 nm by using spectrophotometer coupled with UV-diode array 

detector (DAD). Isolated active components AHE [ISCO-AHE/F3 (C4), F5 (C2) and 

F7 (C1)] and AHB [RP-HPLC-AHB/F5 (C3)] showed single peak chromatograms 

(Figure 4.26 and 4.27, respectively).  The spectra’s of the peaks presented indication 

of the family of polyphenolic compounds. HPLC-DAD spectra of compounds C1, C2, 

C3 and C4 showed single peaked absorbance bands at 280 nm. 

The structure identification of the isolated compounds was based on 
1
H NMR 

and 
13

C NMR spectra’s together with electrospray ionization mass spectrometry (ESI-

MS). ESI-MS is a technology of soft ionization, was employed to determine the exact 

mass/charge (m/z) of quasi-molecular ions and their fragments peaks.  

4.24.1 Compound yield 

Acacia hydaspica ethyl acetate extract (AHE) yields 187.5 mg/g dry sample of 

C1, 100 mg/g dry sample of C2 and 37.5 mg/g dry sample of C4. The isolated active 

component (C3) from AHB was 29 mg/g dry sample. 

4.24.2 NMR spectroscopic analysis  

Structures of purified compounds were elucidated by 
1
H NMR, 

13
C NMR, 2D 

proton and mass spectrometric analysis (ESI and APCI). Compounds were identified 

by comparison of the physical data with those reported previously. Data indicated that  

ISCO-AHE/F7 was 7-O-galloyl catechin (C1: GC) (Tanaka et al., 1983), ISCO-

AHE/F5 was identified as Catechin (C2: C) (Nonaka et al., 1983; Shen et al., 1993) 

and ISCO-AHE/F3 was a simple polyphenol methyl-gallate (C4: MG) (Nishioka et 

al., 1998),  whereas active component from AHB (RP-HPLC-AHB/F5) was identified 

as Catechin-3-O-gallate (C3: CG) (Min-Won et al., 1992). The 
1
H NMRs of isolated 

compounds are shown in Figures 4.28 to 4.31. 
13

C NMRs of isolated compounds are 

shown in Figures 4.32-4.35. 
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The molecular formula of C1 was determined as C22H18O10 by the ESI-MS (-) 

signal at m/z 441.0977 [M-H] (Figure 4.36), molecular formula of C2 was determined 

to be C15H14O6 by the ESI-MS (-) signal at m/z 289.0827 [M-H] (Figure 4.37). The 

molecular formula of C3 was resoluted as C22H18O10 by the ESI-MS (-) signal at m/z 

442.088 [M-H] (Figure 4.38) and the molecular formula of C4 was resolute as 

C8H8O5 showed molecular peak at m/z 183.0534 [M-H] in its negative–ion ESI-MS 

spectrum (Figure 4.39). 
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Figure 4.26: Analytical HPLC chromatogram of C1, C2 and C4 showing single peaks 

at 10.487, 8.644 and 10.994 min. Chromatographic conditions: Vision Ht C18 column 

(5 μm; 10 × 250 mm, Agilent USA). Mobile phase A (Millipore H2O) and mobile 

phase B (acetonitrile) in gradients: 0-5 min; 15% B in A (isocratic run), 5-27 min; 15 

to 100% B (Gradient mode), 27-32 min; 15% B in A (for column equilibration). Flow 

rate; 1 ml/min, injection volumn 20 µl. All compounds showed UV maxima at 280 

nm (characteristic of polyphenolic compounds). 

 

Figure 4.27: Analytical HPLC chromatogram of C3 showing single peak at 11.15 

min. Compound showed UV maxima at 280 nm wavelength (characteristic of 

polyphenolic compounds). Chromatographic conditions: Vision Ht C18 column 

(5 μm; 10 × 250 mm, Agilent USA). Mobile phase A (Millipore H2O) and mobile 

phase B (acetonitrile) in gradients: 0-5 min; 15% B in A (isocratic run), 5-27 min; 15 

to 100% B (Gradient mode), 27-32 min; 15% B in A (for column equilibration). Flow 

rate; 1ml/min, injection volumn 20 µl.  
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4.24.3 Analytical data of isolated compounds 

Table 4.89 and 4.90 summarize the 
1
H NMR and 

13
C NMR data of isolated 

polyphenols respectively. The analytical details are summarized below. 

4.24.3.1  Compound 1:7-O-galloyl-(+)-catechin (GC) 

Light green shine crystals (H2O), C22 H 18 O10. ESI-MS (-) m/z 441.0977 [M-

H], 
1
H NMR (600MHz, DMSO-d6), δ  7.04 (S, galloyl), δ 6.17 (H-8, J = 2.2 Hz), δ 

6.11 (H-6, d, J = 2.2 Hz), δ 4.61 (H-2, d, J = 7.6 Hz), δ 3.88 - 3.93 (H-3, m),  δ 2.71 

(H-4 α, dd, J = J = 16.3 Hz, J = 5.3 Hz), δ 2.45 (H-4 β, dd, J = 16.5, 7.9 Hz).  

13
C NMR (Methanol-d4-150.79MHz): δ 27.21(t, C-4), δ 66.941 (d, C-3), δ 81.975 (d, 

C-2), δ 100.946, δ 104.52 (each d, C-6 and C-8), δ 105.957 (s, C-4a), δ 109.179 (d, 

galloyl C-2 and C-6), δ 113.832, δ 114.548 (each d, C-2' and C-5'), δ 119.201 (s, 

galloyl C-1), δ 130.656 (s, C-1'), δ 138.88 (s, galloyl, C-4), δ 144.973 (s, galloyl, C3 

and C-5), δ 150.343 (s, C-7), δ 155.354, δ 156.070 (each s, C-5 and C-8a), δ165.734 

(s, COO-) 

The 
1
H and 

13
C NMR assignments were completed predominantly by 

exploiting the proton carbon correlation ways, specifically the HMQC experiment for 

direct correlations and the HMBC experiment for long-range correlations. The 

1
HNMR spectrum of C1 was similar to 

1
H NMR of (+)-catechins except for the 

additional signal at δ 7.04 (2H, s) due to a galloyl group. The location of the galloyl 

group was initially deduced to be at either C-5’ OH or C-7’ OH, C-4’ OH, C-3’ OH 

but not 3 of the catechin moiety from the HMBC spectrum in methanol-d4. In order to 

determine unequivocally the position of the galloyl group the HMBC was re-perform 

with DMSO and NOESY data indicated that the stereochemistry of isolated 

compound as 7-O-galloyl catechin, and was further authenticated by comparison of 

the physical data with those reported previously (Tanaka et al., 1983; El-toumy et al., 

2011). Consequently, the structure of C1 was concluded to be 7-O-galloyl catechin 

(Figure 4.40). 

4.24.3.2 Compound 2: Catechin (C) 

Light yellow amorphous powder, (H2O) (C15H14O6). ESI-MS (-) m/z 289.084 

[M-H]. 
1
H NMR (600MHz, DMSO-d6), δ 5.87 (H-8, d, J=1.8Hz)), δ 5.67 (H-6, (d, 

J=2.3Hz), δ 4.46 ( H-2, d, J= 7.6Hz), δ 3.79-3.82 (H-3, m),  δ 2.64 (H-4α, dd, J=16.4, 

5.3Hz), 2.33(H-4β, dd , J=16.1, 7.9Hz). 
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13
C NMR (DMSO-d6, 150.79MHz). δ 28.01 (C-4), δ 66.717 (C-3), δ 81.411(C-2), δ 

94.314 (C-8), δ 95.389 (C-6), δ 99.331 (C- 4a), δ 114.026 (C-2') , δ 115.10 (C-5'), δ 

118.685 (C-6'), δ 130.870 (C-1'), δ 145.206 (C-4'), δ 146.281(C-3'), δ 156.317 (C-5), 

δ  156.317 (C-8a), δ 156.317 (C-7). 

The 
1
H and 

13
C NMR assignments  were achieved primarily by the means of 

proton carbon correlation methods, specifically the HMQC experiment for direct 

correlations and the HMBC experiment for long range correlations.
1
HNMR and 

13
C 

NMR of C2 was similar to the assignment of catechin signals of those reported in  

previous literature (Shen et al., 1993; Davis et al., 1996). Consequently, the structure 

of C2 was concluded to be (+) catechin (Figure 4.40). 

4.24.3.3 Compound 3:  Catechin 3-O-gallate (CG) 

Golden brown powder, (H2O) C22 H 18 O10. ESI-MS (-) m/z 441.0988 [M-H]. 

1
H NMR (methanol-d4, 600MHz): δ 7.045 (S, galloyl), δ 5.86 (H-6, J = 2.0 Hz), δ 

5.95 (H-8, d, J = 2.0 Hz), δ 4.56 (H-2, d, J = 7.6 Hz), δ 3.95 (H-3, m), δ 2.84 (H-4 α 

dd, J = 16.4 Hz, J = 5.3 Hz), δ 2.5 (H-4 β, dd, J=15.8, 8.2 Hz). 

13
C NMR (Methanol-d4-150.79MHz): δ 27.07(t, C-4), δ 66.96 (d, C-3), δ 81.53 (d, C-

2), δ 100.66, δ 105.57 (each d, C-6 and C-8), δ 105. 57 (s, C-4a), δ 109.18 (galloyl C-

2), δ 113.77, δ 114.84 (each d, C-2' and C-5'), δ 119.201 (s, galloyl C-1), δ 130.48 (s, 

C-1'), δ 139.07 (s, galloyl, C-4), δ 145.24 (s, galloyl, C3), δ 150.34 (s, C-7), δ 155.38, 

δ 156.16 (each s, C-5 and C-8a), δ165.70 (s, COO-). 

The 
1
H NMR and 

13 
C NMR of C3 was similar to the assignment of catechin 

3-O-gallate signals of those reported in  previous literature (Shen et al., 1993; Davis et 

al., 1996). In order to determine the position of galloyl group NOESY spectroscopy 

was performed, which indicate the existence of galloyl ester moiety on C-3. This 

knowledge, along with the HMBC connectivities, allowed a complete 
13

C assignment 

to be made and all the protons to be assigned. Consequently, the structure of C 3 is 

concluded to be catechin 3-O-gallate (Figure 4.40). 

4.24.3.4 Compound 4: Methyl gallate (MG) 

 White needle crystals. (C8H8O5). ESI-MS (-) m/z 183.0534 [M-H]. 

1
H NMR (acetone-D6, 600MHz), δ3.79 (3H, s, OCH3), δ 7.11 (2H, s, H-2, H-6); 

 
13

C NMR (Acetone-D6, 150.80MHz) δ 51.0 (OCH3), δ 108.90 (C-2, C-6), δ 120.91 

(C-1), δ 137.76 (C-4), δ 145.12 (C-3, C5), δ 166.27 (C=O) 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            247 

 

The molecular formula was determined from the MS and 
13

C NMR. 8 Carbons 

and 5 protons attached to carbon were observed in the 
13

C NMR and 
1
H NMR spectra. 

In order to determine the position and number of hydroxyl groups, the NMR solvent 

was shifted to DMSO-d6 as hydroxyl were not seen with Acetone-d6. 
1
H NMR 

(DMSO-d6, 600MHz) clearly reveal the presence two hydroxyls at δ9.44 and one 

hydroxyl at δ9.11.  Close examination of the 
1
H NMR and 

13
C NMR spectrum 

showed a symmetrical molecule with two aromatic protons, δ 7.11 (2H, s, H-2, H-6), 

three hydroxyl, two hydroxyl at δ C 145.12 (C-3, C-5), and one hydroxyl at δ C 

137.76 (C-4), a methyl δ3.79 (3H, s, OCH3) and a ester carbonyl δ 166.27 (C=O). It 

is consistent with NMR data that have been reported from the literature (Kane et al., 

1988).The structure of C4 is revealed to be methyl 3,4,5-trihydroxybenzoate or 

methyl gallate (Figure 4.40). 
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Figure 4.28: 1H NMR spectrum of GC (C1).Solvent: DMSO-d6, Frequency 

(MHz):599.67, Nucleus: H, Temperature: 25
o
C, Pulse sequence: s2pul, Acquisition 

time (sec):1.7039, Number of transits: 16, Original point count: 32768, Spectrum 

offsets (Hz): 3598.0154, Spectrum type: Standard, sweep width (Hz):9615.38. 

 

Figure 4.29: 1H NMR spectrum of C (C2).Solvent: DMSO-d6, Frequency 

(MHz):599.67, Nucleus: H, Temperature: 25
o
C, Pulse sequence: s2pul, Acquisition 

time (sec):1.7039, Number of transits: 32, Original point count: 16384, Spectrum 

offsets (Hz): 3598.0154, Spectrum type: Standard, sweep width (Hz):9615.38 
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Figure 4.30: 1H NMR spectrum of CG (C3). Solvent: methanol-d4, Frequency 

(MHz):599.67, Nucleus: H, Temperature: 25
o
C, Pulse sequence: s2pul, Acquisition 

time (sec):1.7039, Number of transits: 32, Original point count: 16384, Spectrum 

offsets (Hz): 3598.0154, Spectrum type: Standard, sweep width (Hz):9615.38 

 

Figure 4.31: 1H NMR spectrum of MG (C4). Solvent: acetone-d6, Frequency 

(MHz):599.67, Nucleus: H, Temperature: 25
o
C, Pulse sequence: s2pul, Acquisition 

time (sec):1.704, Number of transits: 16, Original point count: 16384, Spectrum 

offsets (Hz): 3598.0154, Spectrum type: Standard, sweep width (Hz):9615.4 
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Figure 4.32: 13C spectrum of GC (C1) extracted from HMBC NMR spectrum. 

 

Figure 4.33: 13C spectrum of C (C2) extracted from HMBC NMR spectrum.
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Figure 4.34: 13C NMR spectrum of CG (C3). 

 

Figure 4.35: 13C NMR spectrum of MG (C4). 
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Figure 4.36: ESI-MS [M-H]- spectrum of GC (C1) isolated from AHE. 

 

Figure 4.37: ESI-MS [M-H]- spectrum of  C (C2) isolated from AHE. 
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Figure 4.38: ESI-MS [M-H]- spectrum of CG (C3) isolated from AHB. 

 

Figure 4.39: ESI-MS [M-H]- spectrum of MG (C4) isolated from AHE. 
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Figure 4.40: Structures of isolated polyphenols from A. hydaspica. 
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Table 4.89: 
1
H NMR data of polyphenols isolated from A. hydaspica (Coupling constant J in Hertz) 

Proton  7-O-galloyl catechin 

δ in ppm 

(C1) a 

(+)-catechin  

δ in ppm 

(C2) a 

Catechin-3-O-gallate  

δ in ppm 

(C3)b 

Methyl gallate 

δ in ppm 

(C4) c 

H-2 4.61 (d, J = 7.0 Hz) 4.46 (d, J= 7.6Hz) 4.56 (d, J= 7.0Hz) 7.11 (s) 

H-3 3.88 - 3.94 (m) 3.79-3.82 (m) 3.97 (m) 3.79 (s, OCH3) 

H-4α 

      Β 

2.71 (dd, J = 16.3 Hz,J= 5.3 Hz) 

2.45 (dd, J=16.5, 7.9 Hz) 

2.64(dd, J=16.4, 5.3Hz) 

2.33(dd, J=16.1, 7.9Hz) 

2.84 (dd, J = 16.4 Hz, J = 5.3 Hz) 

2.5 ( d, J=15.8, 8.2 Hz) 

- 

H-6 6.11 (d, J = 2.2 Hz) 5.67 (d, J=2.3Hz) 5.86 (d, J=2.0 Hz) 7.11 (s) 

H-8 6.17 (d, J = 2.2 Hz 5.87 (d, J=1.8Hz) 5.95 (d, J=2.0 Hz) - 

H- 2' 6.72 (d, J = 1.5 Hz) 6.70 (d, J = 1.8) 6.83 (d, J = 1.9 Hz) - 

H-5' 6.68 (d, J = 8.1 Hz) 6.67(d, J= 8.2Hz) 6.76 (d, J = 7.9 Hz) - 

H-6' 6.60 (dd, J = 8.1 Hz, J = 1.5 Hz) 6.57 (dd, J = 8.2 Hz, J = 1.8 Hz) 6.71(dd, J = 8.0 Hz, J = 1.5 Hz - 

OH-3 5.01(d, J = 5.1 Hz) 4.84 (d, J= 4.7Hz)        n.r - 

Galloyl 7.04 (s) - 7.045 (s) - 

Coupling constants (Hz) in parenthesis, a: DMSO-d6, b: Methanol-d4 and c indicates acetone–d6. Dashes indicate that given proton is absent the 

molecule.  
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Table 4:90: 
13

C NMR data of polyphenols isolated from A. hydaspica 

a: DMSO-d6, b: Methanol-d4 and c indicates acetone–d6. Dashes indicate that given 

carbon is not present in the molecule.  

 

 

 

 

 

 

 

Carbon 7-O-Galloyl-

catechins δ in 

ppm 

 (GC; C1) a   

(+)-catechins  

   δ in ppm 

       

    (C; C2) a 

Catechin-3-

O-gallate  

δ in ppm 

(CG; C3) b 

Methyl 

gallate  

δ in ppm 

     

(MG; C4) c 

C-1 - -  120.91 

C-2 81.975 81.411 81.53 108.90 

C-3 66.941 66.717 66.96 145.12 

C-4 27.21 28.01 27.07 137.76 

C-4a 105.957  99.331 105.57 - 

C-6 100.946 94.314 100.66 108.90 

C-8 104.52 95.389 105.57 - 

C-5 155.354 156.317 155.38 145.12 

C-7 150.343 156.317 150.34 - 

C-8a 156.070 156.317 156.16 - 

C-1' 130.656 130.870 130.48 - 

C-2' 113.832 114.026 113.77 - 

C-3' - 146.281 144.84 - 

C-4' - 145.206 144.89 - 

C-5' 114.548 115.10 114.81 - 

C-6' - 118.685 118.61 - 

C-1 galloyl 119.201 - 119.32 - 

C-2 galloyl 109.179 - 109.18 - 

C-3 galloyl 144.973 - 145.24 - 

C-4 galloyl 138.88 - 139.07 - 

C-5 galloyl 144.973 - - - 

C-6 galloyl  109.179 - - - 

COO- 165.734 - 165.70 - 

C=O - - - 166.27 

Methyl - - - 51.0 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            257 

 

 Antioxidant screening of isolated compounds 4.25

There are divergent approaches to valuate the in vitro antioxidant potency of 

extracted compounds, concoction of complexes, biological fluids and tissues which 

exploits altered mechanisms for the assessment of antioxidant potancy and there is no 

single broad spectrum system which can give an inclusive, precise and quantitative 

prediction of antioxidant efficacy and antiradical efficiency hence more than one 

technique was employed to estimate the antioxidant activity of isolated compounds. 

Evaluation of antioxidant activity of purified compounds was performed by 

using five in vitro approaches established on varied mechanisms for the valuation of 

the antioxidant potency in comparison with reference compounds. The inter-

relationships between these procedures were also inspected for all the compounds to 

check the linearity of activity against different oxidants. Compounds were tested in 

µM concentrations and EC50 values were calculated. The test was executed thrice 

affirmed the reproducibility of the analyses. 

4.25.1 DPPH radical scavenging test 

EC50 of isolated compounds against DPPH radical scavenging assay are shown 

in Table 4.91. Compounds were tested in various concentrations (0-100 µM) to get 

the EC50 of each compound. GC (C1), C (C2), CG (C3) and MG (C4) significantly 

quenched DPPH radical in a dose dependent mode. At a concentration of 100 μM, the 

scavenging effect of GC (C1), C (C2), CG (C3) and MG (C4) reached 96.174 ± 

1.95%, 93.83 ± 0.85% and 94.527 ± 1.170% respectively (Figure 4.41), while at the 

same concentration the scavenging effect of ascorbic acid and rutin were 87.97 ± 

2.654% and 92.160 ± 3.2% respectively. All compounds presented enhanced 

antioxidant activity than the reference controls (ascorbic acid and gallic acid). The 

EC50 value for GC was 1.60 ± 0.035μM which was 5-fold more potent than gallic 

acid (9.1 ± 0.42 μM) and 22 fold more potent than ascorbic acid (36.3 ± 0.569 µM). 

The relative potencies of the compounds were in the order: GC ~ CG ~ MG > C > 

rutin> ascorbic acid.  

4.25.2 Hydroxyl radical scavenging activity  

Percent hydroxyl radical quenching potential was presented in Figure 4.41 and 

EC50 values are shown in Table 4.91. Result demonstrated that all tested compounds 

inhibited hydroxyl radical generation in a dose dependent fashion. Comparison of the 
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hydroxyl radical quenching potency of isolated compounds revealed that the 

bioactivity decreased in the following sequence: GC~CG~MG, GC~CG > C and 

C~MG. The respective EC50 values for isolated compounds GC, C, CG and MG 

were; 4.33 ± 0.635, 8 ± 0.577, 4.99 ± 0.167 and 6.25 ± 0.618 μM respectively. Results 

indicated that GC, C, CG and MG exhibited greater potency to scavenge hydroxyl 

radical then gallic acid (EC50 9.67 ± 0.577 µM), however none of tested compound 

showed better scavenging potential than standard BHT (EC50 0.781 ± 0.115). From 

results, it was conceivable to gain a number of associations regarding the relationships 

between the structures of isolated compounds and their hydroxyl radical quenching 

potencies.  

4.25.3 Inhibition of RNS derived from nitric oxide  

Nitric oxide is one of the potent oxidizing radicals which outcomes in tissue 

damage in massive number of pathological illnesses in humans and investigational 

animals. In current study extracted pure compounds from A. hydaspica were observed 

for their potency to protect against NO-dependent oxidation. Thus, the NO radical 

quenching efficiencies of these isolated compounds were inspected by observing the 

oxidation of sodium nitroprusside. Figure 4.41 shows that exposure of nitric oxide 

generated by sodium nitropruside to oxygen in the presence of the polyphenols 

isolated from A. hydaspica resulted in a significant inhibition of nitrite ion formation 

in a dose-dependent manner. The relative EC50 values of compound GC, C, CG and 

MG against RNS derived from nitric oxide are summarized in Table 4.91, which 

ranged from 6 µM to 12.3 µM compared to that of rutin (53 ± 1.155 µM). The 

bioactivity decrease in the following order: GC~CG~MG>C>rutin. The addition of 

polyphenols significantly inhibited nitric oxide formation even at lower 

concentrations. Compounds at 25 µM dose showed inhibitory activity, ranging from 

85.82 ± 1.54, 83.84 ± 1.55, and 83.023 ± 1.66 to 72.864 ± 2.5 % for GC, CG, MG 

and C respectively, compared to rutin at same dose (39.845 ± 1.48 %) as a positive 

control. At a concentration of 100 μM, the scavenging activity of C1, C 2, C3 and C4 

reached 97.34 ± 0.982%, 93.825 ± 1.5, 95.35 ± 1.02% and 96.823 ± 1.501% 

respectively indicating significant difference from standard reference rutin (83.1625 ± 

2.79%). These results revealed that the presence of hydroxyl and carbonyl group in 

the flavonoid skeleton resulted in high nitric oxide inhibition of compounds. Results 
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indicated that GC, CG, MG and C have good nitric oxide scavenging activity then 

rutin. 

4.25.4 FRAP assay  

The FRAP assay which measures the ability of isolated compounds to reduce 

TPTZ-Fe (III) complex to TPTZ-Fe (II) was used to assess the total reducing power of 

antioxidants. A higher value indicates higher ferric reducing power. The addition of 

polyphenols significantly reduced ferric ions to ferrous ions. Tested compounds GC, 

CG, MG and C at 12.5 µM dose showed FRAP values of 649.5 ± 1.5, 432.9 ± 0.949, 

610.5 ± 1.5 and 505.5 ± 2.5 (µM Fe (II)/g) (Table 4.91). Results showed that  C1 has 

more significant (p < 0.01)  FRAP values than C, CG and MG and standard reference 

gallic acid at same dose; indicating significant electron donating capacity of GC in 

comparison to C, CG, MG and gallic acid. C was less potent then gallic acid, CG 

showed significant reducing potential as compared to C, MG and gallic acid, whereas 

MG showed bioactivity slightly but non-significantly enhanced than gallic acid. It 

was found that the reducing potential of isolated compounds decreased in the 

following sequence: GC >CG> MG>C.  

4.25.5 Total antioxidant capacity (TAC) 

TAC assay was used to assess the capacity total antioxidant capacity of 

isolated compounds in comparison to gallic acid. Isolated compounds showed good 

antioxidant index. Total antioxidant capacity (TAC) of compounds increase with 

increasing concentration of compounds. TAC values were in following order; GC 

(1.710 ± 0.040 µM) ~ CG (1.69 ± 0.020 µM) > MG (1.535 ± 0.025 µM) > gallic acid 

(1.395 ± 0.0045) ~C (1.3795 ± 0.0205) at 12.5µM dose (Figure 4.42). The present 

study showed that isolated compounds exhibited good TAC compared to gallic acid. 

4.25.6 Relationship amongst different antioxidant variables 

Correlation analysis was used to explore the relationships amongst different 

antioxidant variables measured for compounds. On the basis of simple regression 

testing, correlation coefficients were calculated among antioxidant assays used in 

study. Significant linear relationship or high correlation was observed between 

different antioxidant assay i.e., TAC, FRAP, DPPH, OH and NO radical scavenging 

assays (Table 4.92).These results could explained that despite different hydrophilic 
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properties of the substratum used in the different methods compounds showed a linear 

activity between different antioxidant assays. 

 

Table 4:91: EC50 values (concentration causing 50% inhibition) in various antioxidant 

assays and FRAP potential of A. hydaspica polyphenols. 

Compounds  DPPH 

radical 

EC50 (µM) 

Hydroxyl 

radical 

EC50 (µM) 

Nitric oxide 

Radical 

EC50 (µM) 

FRAP 

µM Fe(II)/g 

GC 1.60±0.035
a
 4.33±0.618

b
 5±0.346

a
 649.5±1.5

d
 

C  6.24±0.254
b
 8.0±0.635

b*
 12.3±0.376

b
 432.9±0.95

b
 

CG 2.20±0.454
a
 4.99±0.167

b
 5.67±0.467

a
 610.5±1.5

c
 

MG 2.9±0.318
a
 6.25±0.577

b
 7.67±0.577

a
 505.5±2.5

a
 

BHT - 0.781±0.115
a
 - - 

Ascorbic acid 36.3±0.569
d
 - - - 

Rutin  - - 53±1.155
c
 - 

Gallic acid  9.1±0.42
c
 9.67±0.577

d
 - 495.5±2.5

 a
 

Values are expressed as mean±SEM (n=3); means with superscript with different 

letters 
(a-d)

 in the row are significantly (p < 0.01) different from each other. Data 

analyzed by using one way ANOVA followed by Tukeys multiple comparison tests.* 

indicates significant (p < 0.05) difference of C in comparison to GC and CG, in 

hydroxyl radical assay. 

 

Table 4:92: Relation between antioxidant activities in different methods 

 DPPH radical NO radical OH radical 

DPPH 

radical 

NA - - 

NO 

radical 

y = 1.3736x + 3.7351 

R² = 0.9993 

NA - 

 

OH 

radical 

y = 0.7411x + 3.5321 

R² = 0.9301 

y = 0.5354x + 1.5528 

R² = 0.9165 

NA 

TAC y = -0.0666x + 1.7807 

R² = 0.9264 

y = -0.0481x + 1.9586 

R² = 0.9124 

y = -0.0901x + 2.0993 

R² = 0.9999 

FRAP y = -41.969x + 680.02 

R² = 0.8271 

y = -30.177x + 790.87 

R² = 0.8073 

y = -59.277x + 896.42 

R² = 0.9742 

NA indicates same assay, Y indicates the regression equation, and R
2
 shows the 

coefficient of correlation between assays mentioned. - indicate the same value.  
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Figure 4.41: DPPH radical scavenging activity, Hydroxyl radical scavenging activity 

and Nitric oxide radical scavenging activity of compounds isolated from A. 

hydaspica.. Butylated hydroxytoluene (BHT). Values are expressed as mean±SEM 

(n=3). 
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Figure 4.42: Dose dependent increase in total antioxidant capacity (TAC) of isolated 

compounds. Values are expressed as mean±SEM (n=3). Gallic acid used as standard 

reference 
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 Study of mechanism of growth inhibition and apoptosis in prostate and 4.26

breast cancer cells induced by polyphenolic compounds of A. hydaspica 

The present investigation focused on evaluating mechanism of cell death and 

signal modulatory effects of GC (C1), C (C2), CG (C3) and MG (C4) isolated from 

A. hydaspica in PC-3 and MDA-MB-231 cell lines as models of aggressive prostate 

and breast cancer. Results provided hitherto unreported evidence that A. hydaspica 

compounds (AHCs) have potential for therapeutic use against human prostate and 

breast cancer diseases. 

4.26.1 Effects of AHC compounds on cell viability  

PC-3 and MDA-MB-231 cells were grown in 96-well plates and treated with 

increasing concentrations of AHCs (0 µM-100 µM). In PC-3 cells, GC, C, CG and 

MG retarded cell growth in a dose and time dependent mode in contrast to untreated 

and DMSO treated control groups. The viability of untreated control was set as 100% 

and cell viability relative to untreated cells was calculated. Results indicated that 

AHCs decrease cell proliferation in time and dose relient manner. The relative cell 

viability after 24 h of treatment with 100 µM doses of GC and C were 45.9 ± 3.74 and 

40.5 ± 2.51%, respectively, cell viability decreased further after 48 h and 72 h of 

treatment (Figure 4.43). Similarly, the percentage of viable cells after 24 h treatment 

with 50 µM CG and MG was 45.53 ± 3.148 and 45.81 ± 2.27 %, respectively, and cell 

viability continued to decrease through 72 h of treatment (Figure 4.43). The CK2 

inhibitor 4, 5, 6, 7-tetrabromobenzotriazole (TBB) was used as a positive control and 

results indicated that TBB reduced viability in PC-3 cells to a lesser extent than the 

AHCs at similar concentrations.  

CG and MG were presented to be most persuasive anti-proliferative 

compounds in MDA-MB-231 cells, whereas GC and C caused no significant anti-

proliferative activity in these cells. Both CG and MG showed a dose and time 

dependent anti-proliferative effects in MDA-MB-231 cells. Percent cell viability after 

treatment with 50 µM CG was 55.96 ± 3.01 and 15.545 ± 1.212 % after 24 h and 48 h 

of treatment, respectively (Figure 4.43). The survival percentages after 24 h and 48 h 

treatment of MDA-MB-231 cells with 50 µM MG were 54.56 ± 2.82 and 29.510 ± 

3.979, respectively. Lower doses (12.5 and 25 µM) also showed significant 

cytotoxicity after 48 h of treatment (Figure 4.43). The effect was comparable to TBB. 
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4.26.2 Morphological analysis for the detection of apoptosis or necrosis. 

Apoptosis is a biological process of cell death characterized by morphological 

characteristics and wide-ranging DNA fragmentation. In order to document the cell 

growth inhibitory activities of AHCs were allied with the commencement of 

apoptosis, the morphological vicissitudes in PC-3 cells and MDA-MB-231 cells were 

investigated by phase contrast microscopy as well as by fluorescence microscopy. PC-

3 cells were treated with 100 µM doses of GC and C, and 50 µM doses of CG and 

MG. MDA-MB-231 cells were treated with 50 µM doses of CG and MG. By phase 

contrast observations, treatment with AHCs for 24 and 48 h in both cell lines lead to 

low cell confluence and membrane blebbing, which is one of the hallmarks of 

apoptosis. Moreover floating cells indicated that AHCs treatment resulted in reduced 

adherence. Untreated and DMSO (volume equivalent to 100 µM AHC) treated cell 

were attached to the culture plates with greater than 90% confluence under the same 

conditions as AHCs treated cells (Figure 4.44). 

DAPI staining was used to study nuclear alterations and apoptotic body 

formations, both are features of apoptosis. Cells treated with AHCs exhibited 

apoptotic morphology in both types of cancer cells under investigation. 

Morphological changes were described by cytoplasmic and nuclear shrinkage, 

chromatin condensation and apoptotic body formation. In the untreated and DMSO 

treated PC-3 and MDA-MB-231 cells, the stained nuclei were rounded and 

homogeneously stained with DAPI, whereas treated cancer cells from both cell lines 

showed an altered nuclear DNA staining pattern with condensed chromatin and 

apoptotic bodies that are hallmarks of early and late apoptosis (Figures 4.45 A and 

4.46 A, respectively). 

Acridine orange (AO) is a cell permeable fluorescent stain that gives color to 

the nuclear DNA of both live and dead cells. Whereas, ethidium bromide (EB) is a 

fluorescent dye that only stains nuclear DNA in cells that have vanished their 

membrane integrity. Thus the ensuing indications were observed after AO/EB 

staining: (1) viable cells have been evenly stained green; (2) initial apoptotic cells 

have been colored greenish yellow or displayed green yellow fragments; (3) end stage 

apoptotic cells have been stained orange or exhibited orange fragments; and (4) 

necrotic cells have been colored orange to red fluorescing nuclei with no signal of 

chromatin fragmentation. In PC 3 cells; treatment with GC (100 µM) showed late 
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apoptotic cells that were compactly stained as orange or revealed orange. Treatment 

ewith C (100 µM) showed live cells with apoptotic nuclei so cells were viable 

apoptotic (VA) as indicated by green chromatin which was highly condense or 

fragmented with some cells undergone cell death. Dead cells also showed apoptotic 

nuclei as chromatin appears to be fragmented and cells are nonviable apoptotic 

(NVA), Treatment with CG and MG induced more cell death as compared to GC and 

C in PC 3 cells and their mode of cell death was also apoptosis indicated by highly 

fragmented and condense chromatin which appeared bright orange. Similar 

observations were recorded in MDA-MB-231 cells (Figures 4.45 B and 4.46 B, 

respectively). 

Propidium iodide (PI) is a red fluorescent dye that is impermeable to the cell 

membrane of viable cells, and is used to stain the DNA of both necrotic and apoptotic 

cells. After 48 h of AHC treatment, untreated and DMSO treated cells showed no 

significant change in cellular viability and cells did not undergo apoptosis or necrosis 

as shown by the very low number of cells stained with PI. In contrast, all tested 

compounds induced significant cell death and PI staining in PC-3 and MDA-MB-231 

cells (Figures 4.45 C and 4.46 C, respectively). 

4.26.3 AHCs induce dramatic loss of clonal survival 

In order to assess the survival and proliferative capacity of the PC-3 and 

MDA-MB-231 cells following treatment with AHCs, clonal survival assays were 

carried out. In these assays, the AHCs were added to the cells and then removed after 

a 48 h period of treatment. The cells were counted and re-plated in complete media as 

described in materials and methods. After 7 days of growth in culture, the cells were 

stained with crystal violet, and colonies of 50 or more cells were counted. 

Representative stained colony plates are shown in Figure 4.47 A and B. Clonogenic 

survival percentages were plotted against untreated control cells. Treatment of PC-3 

cells (GC, C, CG and MG) and MDA-MB-231(CG and MG) with active compounds 

significantly reduce (p < 0.001) colony number compared to untreated and DMSO 

control groups (Figure 4.47 C). Results showed small scattered cells unable to 

colonize and reduced colony size in both cancer cell types. In PC-3 cells, cell 

shrinkage and a shift from stellate to rounded appearance was more obvious as 

compared to MDA-MB-231 cells. 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            266 

 

 

Figure 4.43: AHCs exhibit cytotoxic effect on PC-3 and MDA-MB-231 cell growth in 

culture. The results are expressed as the mean ± SEM (n=3). Data analyzed by two 

ways ANOVA followed by Bonferroni multiple comparison test. Asterisks *, **, *** 

indicates significant difference at p < 0.05 and p < 0.001 and p < 0.0001 respectively 

from the untreated control. 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            267 

 

 

Figure 4.44: Representative phase contrast images of PC-3 and MDA-MB-231 

cells.3A; PC3 cells were treated with GC (100 µM), C (100 µM), CG (50 µM), MG 

(50 µM). 3B; MDA-MB-231 cells treated with 50 µM dose of CG and MG. Cells 

were visualized under light microscope and images of cells were taken after 24h and 

48h incubation. Treatment with AHCs effect cell morphology, induced cellular 

blabbing, reduced cell confluence and adhesion, cell shrinkage and death as compared 

to untreated and DMSO treated cells. Cells display apoptotic mode of cell death. The 

morphological alterations were more obvious after 48 h of treatment. 
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Figure 4.45: Detection of apoptosis by floresence microscopy in PC-3 cells after 

treatment with GC, C (100 µM), CG and MG (50 µM) for 48 h. A: Nuclear 

morphological changes detected by DAPI. The apopototic nulei comprizing those 

with fragmented (scattered) and condensed nuclei were observed after treatment as 

compared to control and DMSO treated cells after DAPI staining. B: Nuclear 

morphological changes in PC-3 cells detected by AO/EB staining (4 µg/mL). Green 

cells with normal morphology were seen in the control groups. Early apoptotic cells 

with yellow green dots and late apoptotic cells with orange dots were seen in the 

treatment groups, meanwhile bright green early apoptotic cells with nuclear 

margination and chromatin condensation and orange colored apoptotic cells with 

apoptotic bodies and chromatin fragmentation could also be seen in C and MG 

treatment groups. C:  Cell death detection by Propidium iodide staining. Cells were 

stained with PI (5 µg/ml). Viable cells did not get PI stain only dead cells stained with 

PI).The results suggested that AHCs were able to induce apoptosis in PC-3 cells. 
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Figure 4.46: Detection of apoptosis by floresence microscopy in MDA-MB-231 cells 

after treatment with 50 µM CG and MG for 48 h. A: Nuclear morphological changes 

detected by DAPI. The apopototic nulei comprizing those with fragmented (scattered) 

and condensed nuclei were observed after treatment as compared to control and 

DMSO treated cells after DAPI staining. B: Nuclear morphological changes in PC-3 

cells detected by AO/EB staining (4 µg/mL). - Green live cells with normal 

morphology were seen in the control groups. In contrast, early apoptotic cells with 

yellow green dots and late apoptotic cells with orange dots in cell nuclei could be seen 

in the treatment groups, meanwhile bright green early apoptotic cells with nuclear 

margination and chromatin condensation and orange colored apoptotic cells with 

apoptotic bodies and chromatin fragmentation could also be seen in CG and MG 

treatment groups. The results suggested that -AHCs were able to induce apoptosis in 

MDA-MB-231. C; Cell death detection by Propidium iodide staining. Results  point 

toward significant cell death showed by number of  treated cells stained with PI which 

is imperrmeable to the cell membrane of viable cells. In control and DMSO tread 

groups we noticed insignificant number of cells acquire PI stain in field of of slide. 



Chapter 4                                                                                                             Results 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            270 

 

 

Figure 4.47: Colonegenic survival assay.Seeding density for PC-3 was 1000 cells 

/35mm plates and 500 cells /35mm plate were seeded for MDA-MB-231 cells. 

Results indicate high reproductive rate of cells in untreated and DMSO treated cells, 

indicating no effect of DMSO on reproductive potential of cells.-A: PC-3 cells were 

treated with GC and C (100 µM), CG and MG (50 µM) respectively -. B: MDA-MB-

231 cells were treated with CG and MG (50 µM).Treatments leads to significant loss 

of cell survival, cell shrinkage and decrease colony size. C: Percent inhibition of PC-3 

and MDA-MB-231 colony formation relative to untreated control. Results were 

analyzed by two ways ANOVA followed by bonferroni multiple comparison tests. 

Asterisks *, **, *** indicates significant difference at p < 0.05 and p < 0.001 and p < 

0.0001 respectively from the untreated control. 
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4.26.4 Signaling pathways and survival proteins modulated by AHC treatment 

Western blot analyses were performed to evaluate the effect of isolated 

compounds on signaling pathways involved in cancer cell survival and proliferation. 

PC-3 cells were treated with 100 µM GC and C; and 50 µM CG and MG. Two doses 

of CG and MG (12.5 µM and 50 µM) were tested against MDA-MB-231 cells. In 

addition, the effects of AHCs on various signaling pathways in prostate and breast 

cancer cells were studied in comparison with TBB, a selective CK2 inhibitor. 

4.26.4.1  AHC effect on CK2, NFкB p65 and anti-apoptotic protein expression 

CK2 (formerly casein kinase II) is a protein kinase with numerous substrates 

regulating a broad range of cellular processes. CK2α expression is required for 

cellular and organismal survival. In PC-3 cells treatment with AHCs did not alter the 

expression of CK2α or α' (Table 4.93).  Next the effect of AHCs on the expression of 

NFκB p65 total protein and NFкB p65 P-Ser529. Aberrant NFκB regulation led to 

constitutive cell survival by avoiding program cell death in various malignancies. 

NFκB activation required phosphorylation which requires degradation of inhibitor κB 

 (IκB). Results showed that four tested compounds dramatically inhibited the 

phosphorylation of NFκB p65 at Ser529 while no change in NFκB p65 total protein 

expression was noticed (Table 4.94, Figure 4.48 A). Moreover GC, C, CG and MG 

significantly (p < 0.001) inhibited the phosphorylation of IκB at Ser32/Ser36 as 

compared to control (Figure 4.48, Table 4.94). 

In MDA-MB 231 cells, treatment with CG and MG for 24 h significantly 

decreased expression of CK2α protein in a dose-dependent manner (Figure 4.49, 

Table 4.93). Results indicated that extent of decrease in expression of CK2 protein 

after treatment with 100 µM TBB was similar to 12.5 M CG and MG treatment for 

24 h.  In MDA-MB-231 treatment with CG and MG inhibited the expression of both 

NFкB p65 P-Ser529 and total NFκB p65 protein in a dose and time dependent 

manner. Moreover protein expression of phospho-IκB Ser32/Ser36 was significantly 

decreased in a dose and time dependent manner following CG and MG treatment. The 

results were comparable with those of standard TBB (Figure 4.49, Table 4.94).  

Next protein expression of several NFκB regulated genes including, Bcl-2, Bcl-

xL, cIAP, xIAP and survivin, which function primarily by blocking the apoptotic 

pathway were examined. Apoptosis in PC-3 cells was accompanied by loss of Bcl-xL 
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protein expression, and results indicated that GC induced significant (p < 0.001) 

inhibition of Bcl-xL protein after 24 h of treatment. Treatment with C, CG and MG 

potently inhibited Bcl-xL protein levels after 48 h of treatment (Figure 4.48). The 

inhibitory effect of AHCs against Bcl-2 protein expression was more or less similar to 

those seen for Bcl-xL. However no significant change in the expression of xIAP in 

PC-3 cells was noticed; on the other hand there was a noticeable diminution in the 

expression of survivin, a key survival factor after 48 h of treatment (Figure 4.48, 

Table 4.94) 

In MDA-MB-231 cells CG and MG treatment inhibited the expression of anti-

apoptotic protein Bcl-xL in a time and dose dependent manner; with significant (p < 

0.001) suppression in protein expression was noticed 48 h of treatment. No alteration 

in Bcl-2 protein expression was observed in MDA-MB-231 cells following treatment 

with CG and MG. CG and MG induced significant inhibition xIAP and survivin 

protein expression and the effect of both tested compounds was dose dependent 

(Figure 4.49, Table 4.93). 

4.26.4.2 Impact of AHCs on further signaling pathways 

Several actions of the Ras/Raf/MEK/ERK and Ras/PI3-K/Akt/mTOR 

pathways on apoptosis are intermediated by ERK or Akt phosphorylation of key 

apoptotic effector molecules. The number of ERK 1/2 phosphorylation targets are in 

hundreds, thus suppression of MEK and ERK activities will have profound influenc 

on cell growth. Results showed that GC, C, CG and MG treatment significantly 

inhibited the phosphorylation of Akt and ERK1/2 in PC-3 cells (Figure 4.48, Table 

4.93). Next the effect of compound treatments on the expression of JAK-STAT 

signaling was studied. JAK-STAT signaling was intricated in the regulation of cell 

survival, proliferation, and differentiation. Treatment of PC-3 cells with AHCs 

significantly inhibited JAK2 protein expression in a time dependent manner with 

significant (p < 0.001) suppression of protein expression was exhibited after treatment 

for 48 h, whereas no change in STAT3 protein expression was determined in PC-3 

cells after treatment with GC, C, CG and MG. 

PI3-K is an important regulator of Akt functions. Although no alteration in 

expression of Akt in MDA-MB-231 cells was observed following treatment with CG 

and MG, both compounds induced significant and dose dependent loss of total PI3-K 
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p85 protein expression at 48 h (Figure 4.49, Table 4.93). No changes in ERK1/2 

steady-state protein expression or phosphorylation levels were noticed in MDA-MB-

231 cells after treatment with CG or MG. Examination of the JAK-STAT pathway 

indicated significant loss of JAK2 protein expression following CG and MG 

treatment. The phosphorylation of STAT3 at Tyr705 is most commonly mediated by 

JAKs, especially JAK2, but its activity is altered by other mechanisms. Elevated 

STAT3 has been allied with development, progression, and maintenance of many 

human tumors. Results showed that treatment with CG for 48 h and MG for 24 h 

significantly decreased phospho-STAT3 Tyr705. Moreover treatment with both 

compounds led to significant inhibition of total STAT3 protein expression (Figure 

4.49, Table 4.93). Figure 4.47 summarized the proposed signaling pathway modulated 

by AHCs to induce apoptosis and inhibit cell proliferation in both PC-3 and MDA-

MB-231 cells.  

Most of the signaling molecules required phosphorylation by upstream signaling 

molecules for being activated, however IκB that bound to NFκB in the cytoplasm 

degrade upon phosphorylation by inhibitors of IκB (IKK), releasing bound NFκB. 

NFκB gets activated by phosphorylation and translocated to the nucleus and start the 

transcription of genes that potentiate cell survival and differentiation. The proposed 

signaling pathways inhibited by CG and MG in MDA-MB-231 were in the following 

sequelae (from left to right):CK2 that regulate various substrate was found to be 

inhibited by Catechin-gallate (CG) and Methyl-gallate (MG) in breast cancer. Both 

compounds inhibit α catalytic subunit. CK2 activated the signaling of Janus kinases 

(JAK) and Signal transducer and activation of transcription (STAT) pathway that 

regulate growth, survival and differentiation. JAK2, STAT 3 and pSTAT3 was 

inhibited significantly by CG and MG. Both CG and MG appear to be direct inhibitor 

of Phosphoinositide 3-kinase (PI3-K) an enzyme that activates pro-survival oncogene 

Akt. However no significant effect of both compounds on Akt protein expression was 

determined in MDA-MB-231 cells. NFκB (CK2 and Akt downstream effector) 

regulates cancer cell survival and inflammation. Both compounds significantly 

inhibited IκBα P-S32/36, NFκB p65 P-S529 and NFκB p65 total protein expression. 

NFκB activates anti-apoptotic family members, survivin and IAPs (Inhibitors of 

apoptosis). In MDA-MB-231 cells CG and MG decreased the expression of Bcl-xL, 

xIAP and survivin. In PC-3 cells the signaling pathways modulated by GC, C, CG and 
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MG were in following order (from left to right): the Janus Kinase (JAK) protein 

expression was significantly inhibited by GC, C, CG and MG in PC-3 cells. However 

none of compounds induced any significant change in STAT protein expression. 

Contrary to results observed in MDA-MB-231 cells, in PC-3 cells GC, C, CG and 

MG significantly inhibited the phosphorylation of Akt at Ser 473 and Thr 308 

subunits. CK2 downstream effector NFκB p65 P-S529 protein expression and IκBα P-

S32/36 protein expression was significantly inhibited by all tested compounds in PC-3 

cells. Expression of Bcl-2 family members and Survivin was also determined. GC, C, 

CG and MG significantly reduced the expression of Bcl-2, Bcl-xL, and survivin. 

Figure 4.50 summarized the proposed signaling pathways modulated by AHCs in PC-

3 and MDA-MB-231 cells. 
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Figure 4.48: Western blot analysis of cellular lysates prepared from PC-3 cells. PC-3 

cells initially seeded at density of 2.5 ×104 cells treated with 100 µM concentrations 

of 7-O-Galloyl Catechin (GC) and  Catechin (C) whereas 50 µM concentration of  

Catechin-gallate (CG) and Methyl-gallate (MG) was used. The representative blots 

are from blots probe with JAK2, Akt, -Akt P-S473, Akt P-Thr 308, ERK1/2, ERK1/2 

P-Thr202/Tyr204, NFκB, NFκB p65 P-S529, IκBα P-S32/36, Bcl-xL, Bcl-2, and 

Survivin antibodies were shown. Actin blots are shown as loading controls. Data 

based on three different experiments, each carried out in triplicate. Negative sign – 

indicate no treatment with respective test drug in a row, + indicate the treatment. 
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Figure 4.49: Western blot analysis of cellular lysates prepared from MDA-MB-231 

cells. Lysates prepared from MDA-MB-231 cells, initially seeded at density of 1.5 

×10
4 

cells were treated with 50 µM and 12.5 µM concentrations of Catechin-gallate 

(CG) and Methyl-gallate (MG). The blots probed with CK2 αα', PI3-K, STAT3, 

STAT P-Try705, NFκB p65, NFκB p65 P-S529, IκBα P-S32/36, Survivin, xIAP and  

Bcl-xL antibodies were shown. Actin blots are shown as loading controls. Data based 

on three different experiments, each carried out in triplicate. Negative sign – indicate 

no treatment with respective test drug in a row, + indicate the treatment. 
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Table 4.93: Protein expression levels in PC-3 and MDA-MB-231 cells following treatment with AHCs after 48 h. 

C
el

ls
 

Treatment CK2 α CK2 

αʹ 

 

PI3-K 

 

JAK2 

 

Akt 

 

Akt 

P-Ser473 

Akt 

P-Thr308 

STAT3 

 

STAT3 

P-Tyr705 

ERK 1/2 

 

 ERK  

1/2P-

Thr202/ 

Tyr204) 

  
  
  
  
  
  
  
  
 P

C
-3

 

GC  

(100 µM) 

1.04± 

0.01 

0.94± 

0.02 

0.99± 

0.04 

0.46± 

0.08
***

 

0.91± 

0.04
***

 

0.39± 

0.03
***

 

0.21± 

0.01
***

 

0.97± 

0.05 

0.98± 

0.51 

0.84± 

0.02
*
 

0.19± 

0.01
***

 

C  

(100 µM) 

0.96± 

0.01 

0.96± 

0.04 

1.0± 

0.06 

0.58± 

0.01
***

 

0.83± 

0.06
*
 

0.71± 

0.03
***

 

0.31± 

0.01
***

 

0.95± 

0.09 

0.91± 

0.04 

0.93± 

0.04 

0.29± 

0.02
***

 

CG  

(50 µM) 

0.99± 

0.02 

0.95± 

0.04 

0.98± 

0.07 

0.18± 

0.01
***

 

0.44± 

0.01
***

 

0.48± 

0.02 

0.20± 

0.01
***

 

1.00± 

0.02 

0. 87± 

0.05 

0.51± 

0.06
***

 

0.21± 

0.01 

MG  

(50 µM) 

0.98± 

0.02 

0.97±0

.04 

1.04± 

0.02 

0.25± 

0.04
***

 

0.52± 

0.01
***

 

0.25± 

0.03
***

 

0.22± 

0.01
***

 

1.00± 

0.06 

0.88± 

0.06 

0.93± 

0.03 

0.10± 

0.01
***

 

Control 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

 DMSO 1.02± 

0.02 

1.00± 

0.01 

1.05± 

0.02 

1.00± 

0.01 

1.02± 

0.05 

1.01± 

0.05 

1.00± 

0.07 

1.03± 

0.04 

0.99± 

0.06 

1.01± 

0.01 

1.02± 

0.05 

  
  

  
  

  
  
M

D
A

-

M
B

-2
3

1
 

CG  

(50 µM) 

0.20± 

0.04
***

 

0.96± 

0.03 

0.38± 

0.03
***

 

0.04± 

0.04
***

 

0.92± 

0.21 

1.00± 

0.32 

1.00± 

0.32 

0.20± 

0.03
***

 

0.15± 

0.02
***

 

1.00± 

0.54 

0.94± 

0.30 

 CG  

(12.5 µM) 

0.74± 

0.01
*
 

1.09± 

0.10 

0.94± 

0.03 

1.04± 

0.05 

1.00± 

0.12 

0.97± 

0.55 

1.02± 

0.54 

0.744± 

0.03
**

 

0.44± 

0.04
***

 

0.92± 

0.34 

0.95± 

0.055 
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MG  

(50 µM) 

0.33± 

0.04
***

 

0.97± 

0.03 

0.33± 

0.01
***

 

0.07± 

0.02
***

 

0.93± 

0.05 

0.99± 

0.09 

0.99± 

0.07 

0.415± 

0.08
***

 

0.15± 

0.03
***

 

0.92± 

0.09 

0.97± 

0.07 

MG  

(12.5 µM) 

1.07± 

0.12 

1.05±0

.04 

0.90± 

0.06 

0.90 

±0.04 

1.00± 

 0.61 

1.00± 

0.65 

1.02 

±0.51 

0.76± 

0.05
**

 

0.46± 

0.05
***

 

0.95 

±0.05 

1.00± 

0.06 

TBB 

 (100 µM) 

0.68± 

0.09
**

 

0.99±0

.09 

0.76± 

0.06
**

 

0.11± 

0.01
***

 

- - - 0.12± 

0.02
***

 

0.24± 

0.03
***

 

0.91± 

0.05 

0.75± 

0.04
***

 

Control  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

DMSO 1.03± 

0.03 

1.04±0

.02 

0.99± 

0.02 

0.99± 

0.01 

1.04± 

0.04 

1.02± 

0.03 

1.05± 

0.08 

1.00± 

0.04 

1.01± 

0.06 

1.02±0.0

4 

0.99± 

0.03 

             

Alteration in protein expression relative to untreated control was analyzed by Image J software to measure the band density of proteins. Data 

based on three different experiments, each carried out in triplicate. Results were analyzed by two ways ANOVA followed by Bonferroni 

multiple comparison test to compare the effectiveness of different treatments at different time points. 
*, **, *** 

indicates p< 0.05, p< 0.01,  p< 

0.001, statistically significant difference relative to control group. 
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Table 4:94: Protein expression levels in PC-3 and MDA-MB-231 cells following 

treatment with AHCs  

  
C

el
ls

  
   

Compounds 

NFκB p65 

 

 48 h 

NFκB p65 

P-Ser 529 

 48 h  

IκB α 

P-Ser 32/36 

48 h 

Bcl-2 

 

48 h 

Bcl-xL 

 

48 h 

xIAP 

 

48 h 

Survivin 

 

48 h 

P
C

-3
 

     GC  

(100 µM) 

0.99±  

0.07 

0.13± 

0.01
***

 

0.17± 

0.05
***

 

0.94± 

0.03 

0.721± 

0.056
**

 

0.92± 

0.35 

0.17± 

0.05
***

 

     C  

(100 µM) 

1.02±  

0.11 

0.11± 

0.03
***

 

0.20± 

0.04
***

 

0.88± 

0.02
***

 

0.734± 

0.071
**

  

0.94± 

0.24 

0.22± 

0.044
***

 

   CG  

(50 µM) 

1.15± 

0.08 

0.08± 

0.011
***

 

0.23± 

0.02
***

 

0.14± 

0.04
***

 

0.217± 

0.096
***

 

0.96± 

0.51 

0.01± 

0.01
**

 

    MG  

(50 µM) 

1.20± 

0.35 

0.05± 

0.02
***

 

0.12± 

0.02
***

 

0.50± 

0.02
***

 

0.484± 

0.072
***

 

0.93± 

0.44 

0.05± 

0.04
***

 

Control 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

   DMSO 

(100 µM) 

1.08± 

0.09 

1.01± 

0.02 

1.02± 

0.04 

1.00± 

0.01 

1.02± 

0.07 

1.04± 

0.25 

1.01± 

0.07 

  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

M
D

A
-M

B
-2

3
1
 

    CG  

(50 µM) 

0.21± 

0.042
***

 

0.43± 

0.014
***

 

0.07± 

0.02
***

 

0.99± 

0.21 

0.15± 

0.06 

0.82± 

0.05
*
 

0.06± 

0.04
***

 

    CG  

(12.5 µM) 

0.62± 

0.0322
***

 

0.89± 

0.038 

0.49± 

0.04
***

 

1.00± 

0.09 

0.79± 

0.0
*
 

0.95± 

0.04 

0.69± 

0.01
***

 

    MG  

(50 µM) 

0.59± 

0.043
***

 

0.55± 

0.027
***

 

0.07± 

0.04
***

 

0.90± 

0.51 

0.11± 

0.05
***

 

0.56± 

0.02
***

 

0.39± 

0.03
***

 

   MG  

(12.5 µM) 

0.74± 

0.016 

0.84± 

0.084 

0.71± 

0.04
***

 

0.93± 

0.112 

0.16± 

0.04
***

 

0.81± 

0.06
*
 

0.67± 

0.03
***

 

   TBB 

 (100 µM) 

0.65± 

0.125 

0.58± 

0.094
***

 

0.005± 

0.05
***

 

0.94± 

0.03 

0.09± 

0.019
***

 

0.206± 

0.01
***

 

0.003± 

0.002
***

 

Control  1.00 1.00 1.00 1.00 1.00 1.00 1.00 

   DMSO 

(100 µM) 

1.07± 

0.01 

1.10± 

0.05 

1.21± 

0.06 

1.01± 

0.04 

1.17± 

0.09 

1.13± 

0.05 

1.03± 

0.01 

Alteration in protein expression relative to untreated control was analyzed by Image J 

software to measure the band density of proteins. Data based on three different 

experiments, each carried out in triplicate. Results were analyzed by two ways 

ANOVA followed by Bonferroni multiple comparison test to compare the 

effectiveness of different treatments at different time points. 
*, **, *** 

indicates p < 0.05, 

p < 0.01,  p < 0.001, statistically significant difference relative to control group. 
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Figure 4.50: Proposed signaling pathways and anti-apoptotic proteins expression 

affected by compounds isolated from A. hydaspica.           

           Indicate blockage or inhibition,          Indicates stimulation or activation 

                      : Effective compounds against PC-3 cells.        Indicate phosphorylation. 

 

               : Effective compounds against MDA-MB-231 cells. 

Most of the signaling molecules required phosphorylation by upstream signaling 

molecules for being activated, however IκB that bound to NFκB in the cytoplasm 

degrade upon phosphorylation by inhibitors of IκB (IKK), releasing bound NFκB. 

NFκB gets activated by phosphorylation and translocated to the nucleus and start the 

transcription of genes that potentiate cell survival and differentiation. The proposed 

signaling pathways inhibited by CG and MG in MDA-MB-231 were in the following 

GC, C, CG, MG 

CG,G 
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sequelae (from left to right):CK2 that regulate various substrate was found to be 

inhibited by Catechin-gallate (CG) and Methyl-gallate (MG) in breast cancer. Both 

compounds inhibit α catalytic subunit. CK2 activated the signaling of Janus kinases 

(JAK) and Signal transducer and activation of transcription (STAT) pathway that 

regulate growth, survival and differentiation. JAK2, STAT 3 and pSTAT3 was 

inhibited significantly by CG and MG. Both CG and MG appear to be direct inhibitor 

of Phosphoinositide 3-kinase (PI3-K) an enzyme that activates pro-survival oncogene 

Akt. However no significant effect of both compounds on Akt protein expression was 

determined in MDA-MB-231 cells. NFκB (CK2 and Akt downstream effector) 

regulates cancer cell survival and inflammation. Both compounds significantly 

inhibited IκBα P-S32/36, NFκB p65 P-S529 and NFκB p65 total protein expression. 

NFκB activates anti-apoptotic family members, survivin and IAPs (Inhibitors of 

apoptosis). In MDA-MB-231 cells CG and MG decreased the expression of Bcl-xL, 

xIAP and survivin. In PC-3 cells the signaling pathways modulated by GC, C, CG and 

MG were in following order (from left to right): the Janus Kinase (JAK) protein 

expression was significantly inhibited by GC, C, CG and MG in PC-3 cells. However 

none of compounds induced any significant change in STAT protein expression. 

Contrary to results observed in MDA-MB-231 cells, in PC-3 cells GC, C, CG and 

MG significantly inhibited the phosphorylation of Akt at Ser 473 and Thr 308 

subunits. CK2 downstream effector NFκB p65 P-S529 protein expression and IκBα P-

S32/36 protein expression was significantly inhibited by all tested compounds in PC-3 

cells. Expression of Bcl-2 family members and Survivin was also determined. GC, C, 

CG and MG significantly reduced the expression of Bcl-2, Bcl-xL, and survivin. 
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5                                           Discussion 

Plants have provided a foundation for the traditional systems of medicines which 

came into existence several years ago and are still used as remedies. Conferring to WHO 

(World Health Organization) survey report; about eighty percent of the world’s 

population still trusts on non-conventional medicines, particularly medicinal floras for 

their fitness issues (Bora and Sharma, 2011). The extended past of the herbal medications 

is still present in many civilizations including China, India, Arab, North Africa, Southeast 

Asia and America (Central, South and North) (Zhang, 2000; Tapsell et al., 2006). 

Recently, exploration on natural products have recaptured attention due to 

advances in screening programs along with growing understanding of their natural 

implication, identification of their sources and structural assortments (Conforti et al., 

2012). About 50-60% of all drugs at present available for the remedial purpose in clinical 

world are either natural products, natural products-derived compounds, contain active 

natural products-derived pharmacophores or modified natural products attached to 

targeting systems due to their extraordinary effectiveness and minor side effects. These 

natural products are desirable replacements for chemical therapeutics which have various 

severe adverse effects (Patwardhan et al., 2004). 

Higher plants make more than 25% of the whole of the drugs obtained from 

natural resources. Mixtures of various chemicals are present in a single plant, which have 

the ability to act independently, additively or synergistically to improve their activity. A 

single plant might be effective against various ailments due to the presence of different 

compounds, for instance; it may contain natural antibiotics such as tannins, antioxidants 

such as phenolics, anti-seditious compounds, diuretic chemicals or mood enhancing 

alkaloids etc. However, the separation of compounds is still a perplexing and a mammoth 

job. Frequently, the isolation of bioactive constituent is headed by the identification of 

the existence of active fraction/compounds within plant extracts via number of bio 

activity testings (Mendonça-Filho, 2006). The phytochemicals have been found to act as 

antioxidants by quenching free radicals, and many have therapeutic prospective for the 

remedy of diseases resulting from oxidative stress (Cirla and Mann, 2003).  
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 Extraction and phytochemical analysis 5.1

Phytochemical screening is the basic step in an herbal medicine investigation that 

presents knowledge concerning the therapeutic impact of a plant by the identification of 

bioactive lead compounds. Plant material contains numerous varieties of metabolites with 

the nature of diverse polarities leading to a dissimilar pattern of solubility (Jones and 

Kinghorn, 2005; Starmans and Nijhuis, 1996).  

In the current work, plant powder extraction with methanol was followed by 

soaking in crude methanol for 3-4 days at room temperature with frequent shaking. 

Extraction was done thrice in the ratio of 1 kg plant powder: 2 liters of solvent. Partial 

purification or separation of crude methanol extract was made by solvent-solvent 

extraction, and crude methanol extract were sequentially fractionated with n-hexane, 

chloroform, ethyl acetate, and n-butanol. Each extraction process was repeated three 

times with 500 ml of each solvent to get enough mass of each fraction to use for 

chromatographic separation. These solvents with varying polarities theoretically 

partitioned different plant constituents.  

Phytochemical investigation of A. hydaspica was accomplished by preliminary 

qualitative phytochemical screening and quantitative estimation of phenolic and 

flavonoids, followed by HPLC-DAD analysis using eight standard polyphenols, and 

finally the bioassay guided isolation of active lead compounds from A. hydaspica.  

Qualitative assessment of the phytochemical constituents of A. hydaspica extract 

and its fractions ascertain that this pant may have a variety of bioactive components. The 

phytochemical screening of methanol extract/fractions showed that the plant is rich in 

flavonoids, alkaloids, cardiac glycosides, saponins, coumarins, anthraquinones, 

phlobatannins, tannins, reducing sugars and terpenoids. Results exposed that crude 

methanol extract showed the maximum number of diverse classes of compounds. Similar 

observations were reported by (Saeed et al., 2012). Steroids, flavonoids, alkaloids, 

saponins, reducing sugars, cardiac glycosides, caumarin and terpinoids were found to be 

present in the all fractions of A. hydaspica plant extract, while tannins, pholobatanins, 

reducing sugars and anthraquinones were not uniformly found in all fractions. All the 

constituents were present in AHE except the reducing sugars indicating AHE might be 
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the fraction possessing maximum number of plant constituents after AHM. These 

components were parted on the basis of solubility of diverse chemical constituents in 

solvents of different polarities into respective fractions. In accordance with previous data, 

the occurrence of phenols, flavonoids and alkaloids in the plant extracts might be 

attributed toward the radical scavenging and lipid peroxidation inhibiting properties of 

A.hydaspica (Priya et al., 2011).  Alkaloids were reported to be useful in the treatment of 

neurological disorders, hence the observed antidepressant activity shown by A.hydaspica 

might be due to the presence of alkaloids (Howes et al., 2003). Flavonoids possess 

various biological activities including, antioxidant, anti-inflammatory and 

anticarcinogenic (Pourcel et al., 2007; Suschetet et al., 1998). The saponins are 

recognized as potential pesticides (Gibson and Krasnoff, 1999). Tannins possess 

antidiarrheal, hemostatic, antiviral, antihemorrhoidal, antibacterial, antifungal and 

antiparasitic activities. Moreover anticarcinogenic, cytotoxic/neoplastic potential of 

tannins are also reported (Li et al., 2003a). A. hydaspica local use in the treatment of 

diarrhea might be credited to the existence of tannins. Coumarins are known as an 

antioxidant, anti-inflammatory, antiviral, anti-carcinogenic and hepatoprotective agent 

like hydroxycoumarins have the potential to chelate metal ions and scavenge free radicals 

(Guevara, 2005). The presence of various bioactive components in A. hydaspica displays 

the therapeutic application of the plant and may lead to drug discovery and development. 

However, the qualitative screening alone may not determine the pharmacological action 

of the plant. 

Quantitative phytochemical analysis unveils that A. hydaspica extract/fractions 

contain phenolic and flavonoids in varied concentrations. The noticeably different 

concentration of TPC and TFC in various derived fractions of A. hydaspica methanol 

extract indicated the fine separation of fractions by different organic solvents. Highest 

concentration of total flavonoids and phenolic were present in the ethyl acetate fraction 

according to the quantitative analysis. The solvents like ethyl acetate and n-butanol 

proved best solvents in concentrating the phenolics as well as flavonoids from methanol 

extract of A. hydaspica. However chloroform proved to be low TPC and TFC bearer. 

Research showed that plants rich in flavonoid and phenolics could be a significant source 
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of remedy against the wide range of antibacterial, antiviral, anti-inflammatory, anticancer 

and oxidative stress induced damages, hence their existence in A. hydaspica marks the 

plant as promising agent for testing against various activities (Sharififar et al., 2009). The 

results obtained in current investigation were in line with those of (Sultana et al., 2007), 

where the highest concentration of TPC has been recorded in the bark of Acacia nilotica.  

GC-MS analysis of A. hydaspica crude methanol extract (AHM) reveals the 

occurence of various phytoconstituents. The chromatogram reveals that AHM is a 

complex mixture of various metabolites such as triterpinoids, fatty acids, vitamins, 

aromatic compounds etc. The structures of compounds present in AHM were 

authenticated by comparison with structure of known compounds present in weley9 and 

mainlib libraries data. SI and RSI values indicate the quality of match between unknown 

compounds mass spectrum and the known compounds match spectrum stored in the 

library data. Various compounds identified in AHM possess diverse uses. Compounds 

possessing cytotoxic, anti bacterial, antifungal, anti-inflammatory activities have been 

identified in AHM. The compound 1, 2-Benzenedicarboxylic acid, mono (2-ethylhexyl) 

ester is identified in AHM possess cytotoxic potential against cancer cell lines while low 

toxicity against normal cell lines in vitro (Krishnan et al., 2014). The occurrence of 

Vitamin E in the plant crude extract clues that plant is a source of effective antioxidant 

and is a toxicant protector, as Vitamin E is a well authenticated antioxidant, protective 

agent against drug induced toxicity. Besides vitamin E is effective in various 

hematological disorders and other malagnancies (Bieri et al., 1983). Squalene, another 

major constituent identified in AHM is structurally identicle to β-carotene, function as a 

potent scavenger of singlet oxygen in skin and protects the skin from UV and ionizing 

radiations; boost immune functions, reduces triglyceride and cholesterol levels in animal 

models, its supplementation in human with cholesterol lowering agents potentiates their 

efficacy. It also possessess anticancer properties (Kelly, 1999). Phytol compounds 

occurrence in A. hydaspica indicates the relavence of anticancer, antimicrobial and anti-

inflammatory prospective of plant (Kalaisezhiyen and Sasikumar, 2012). 

HPLC-DAD analysis is the best way for the analysis of phenolics and flavonoid 

content. It permits both the identification and quantification of flavonoids simultaneously. 
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The decision of suitable identification mode is pivotal to guarantee that all the contents 

are recognized. DAD overcomes this issue by utilizing different wavelengths checking 

program competent for checking various wavelengths concurrently. It gives the 

affirmation that all the UV-vis engrossing elements are scanned, if put forth in sufficient 

amount. Therefore, for the optimization of various wavelengths; DAD was utilized in the 

present study. Wavelength showing maximum absorbance of specific standard compound 

was used in the analysis of plant samples for identification of that standard compound. 

Similar protocol for the simultaneous identification and quantification of catechin, rutin, 

quercitin, gallic acid, caffeic acid, kaempherol and quercitin was reported in other 

researches (Zu et al., 2006; Jafri et al., 2014). 

The flavonoid components of A. hydaspica were not reported previously.For 

HPLC-DAD analysis of A. hydaspica, eight different standard compounds viz. gallic 

acid, catechin, caffeic acid, rutin, kaempferol, myricetin, apigenin and quercetin were 

used as markers to compare retention time and UV absorbance with test samples.  

The output of HPLC profile showed the presence of two already known 

flavonoids (gallic acid and catechin) varied significantly in each tested solvent fraction. 

Maximum standard compounds (four) were quantified in AHM followed by AHE, with 

the presence of three standard reference compounds. Maximum quantity of catechin was 

present in AHE making it desirable fraction for the function of catechin. AHB reveals 

significant antioxidant potential and showed the existence of two reference standards and 

unknown peaks. AHE showed the highest antioxidant activity and detection of gallic 

acid, catechin and myrecitin in AHE makes it desirable fraction for use in in vitro and in 

vivo studies. Spectra reveals some peaks with different retention times that could not be 

matched with known standards hence not identified; however, centered on their 

chromatographic behavior and UV spectra, peaks may possibly correspond to different 

flavonoids occurrence in the respective chromatogram. 

The standards were selected on the basis of their reported medicinal properties. 

Catechin is an important phenolic compound with diverse beneficial health effects and its 

metabolites have shown therapeutic potential as an antioxidant, anti-apoptotic, inhibit 

proliferation of breast cancer cells, block carcinogenesis and its effect seems to be more 



Chapter 5                                                                                                             Discussion 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            287 

 

pronounced in cancer cells as compared to normal cells (Obrenovich et al., 2010). Gallic 

acid (GA) possesses potent antitumor and antioxidant properties (Inoue et al., 1995). 

Caffeic acid is a polyphenolic phytochemical possesses a wide spectrum of 

pharmacological potential for example anti-inflammatory, antioxidant, anti-metastatic, 

and antitumor activity by suppression of MMP-9 enzyme activity, an imperative mediator 

of cancer onset and metastasis (Chung et al., 2004). Myricetin is also able to induce 

apoptosis of pancreatic cancer cells, human bladder carcinoma cell line, trigger apoptosis, 

regression of tumor growth, decrease metastasis and it increase bioavailability of 

tamoxifen, a drug used to treat breast cancer (Gaascht et al., 2013). Rutin is an important 

plant secondary metabolite and reported as hepatoprotective, antioxidant, anti-platelet 

aggregation and anti-inflammatory agent (Kubola and Siriamornpun, 2011). Presence of 

high quantity of important secondary metabolites makes A. hydaspica a potential 

bioactive agent. 

 Mineral analysis 5.2

Mineral analysis was performed to ascertain the concentration of various micro 

and macronutrients in A. hydaspica. A. hydaspica is commonly used as fodder, still there 

is no single report available describing the mineral composition of the plant. This study is 

the first attempt to determine the nutritional and economical value of A. hydaspica. 

Atomic absorption spectrometry analysis was conducted for the quantification of various 

mineral elements, namely; Ca, K, Na, Fe, Mg, Mn, Cu, Cr, Co, Pb, As, Zn and Ni (Bello 

et al., 2004). The proximate analysis of A. hydaspica shows that plant might be a good 

source of macro and micronutrients. Potassium, calcium, magnesium and sodium are 

nutritionally very important, were found in reasonable amounts. These elements are 

known to possess profound influence in the regulation of glucose-tolerance, insulin 

release from β-cells of islets of Langerhans, maintenance of the cardiac rhythms, 

functions of nerves and muscles, hormone regulation, blood clotting and cellular 

mortality (Jimoh and Oladiji, 2005). Likewise trace elements also play essential role in 

regulating body functions. A. hydaspica contains variable concentrations of different 

trace elements. The presence of Fe, Zn, Cr and Mn in plants indicate their therapeutic 

properties against diabetes, cardiovascular diseases and proper functioning of the immune 
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response (Arumugam et al., 2012). Previous study reported the presence of same 

elements in the leaves of six different Acacia species namely; A. angustissima, A. 

drepanolobium, A. nilotica, A. polyacantha, A. senegal, A. tortilis  (Rubanza et al., 2007). 

Mineral analysis showed that calcium is the predominant element in A. hydaspica sample 

and results were in agreement with the finding of (Almahy and Nasir, 2011), who 

reported the mineral content in the leaves of four Acacia species in Sudan and described 

that calcium is the major macronutrient constituents of A. nilotica, A. mellifera, A albida 

and A radiana.  

Furthermore the analysis showed that A. hydaspica possess low quantity of toxic 

metals i.e. Pb, Cd, As and Co. Pharmacological and toxicological prospective indicated 

that the level of these elements quantified in the plant could not constitute any toxicity 

problems and these finding corroborates with the study of Adewusi et al., who reported 

low level of heavy metals in the seeds of A. colei and A. tumida, indicating the nutritional 

aspects of these plant species (Adewusi et al., 2003). However, the safety of this plant in 

the traditional remedies will be acertained by copious auxiliary testings, incorporating in 

vivo experiments and clinical studies. 

 In vitro bioassays 5.3

5.3.1 Antioxidant activity  

Oxidative stress forced by reactive oxygen species (ROS) is responsible for the 

pathology of various chronic disease, such as; diabetes, inflammation, viral infections, 

neurodegenerative disorders, autoimmune ailments, digestive system illnesses, 

cardiovascular failures, tissue damage, DNA impairment and tumor advancement (Ames, 

1983). Plant polyphenols gained cumulative focus due to their persuasive antioxidant 

properties and preventive effects in different oxidative stress linked diseases. 

Various reaction mechanisms are usually involved in measuring the antioxidant 

capacity of a complex samples and there is no single broad-spectrum system which can 

give an inclusive, precise and quantitative prediction of antioxidant efficacy and 

antiradical efficiency (Shah et al., 2014b), as different assay conditions lead to variable 
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results. Hence more than one technique is suggested to value the antioxidant potential 

(Aruoma, 2003).  

5.3.1.1 DPPH radical quenching potential 

DPPH free radical quenching test is one among the most widely employed 

procedures to assess antioxidant potency of plant and biological samples (Sahreen et al., 

2010). The DPPH is free organic nitrogen radical which is highly stable; contain an odd 

electron which reacts immediately with composites that possess hydrogen atoms for 

donation. Electron donated by an antioxidant compound decolorizes the DPPH solution, 

that can be calculabely measured from the reduction in absorbance at 490 nm (Saxena 

and Patel, 2010). In the current testing; AHM, AHB and AHE depict appealingly greater 

DPPH quenching efficacy as compared to all other tested fractions and displayed lower 

EC50 values, which were non-significantly different from one another. Results of this 

investigation imply that A. hydaspica contain phytoconstituents that are proficient of 

donating hydrogen to a free radical in order to rescue the potential impairment. In this 

study, a strong correlation of IC50 values of DPPH assay with phenolic and flavonoids 

amount of A. hydaspica was demonstrated. Phenolic and flavonoids exhibit antioxidant 

power owing the capability of donating electron and stabilizing the free radicals due to 

the to the hydroxyl group ascribed to their aromatic ring. The research conducted by 

(Sultana et al., 2007) on A. nilotica and (Singh et al., 2007b) on A. auriculiformis 

revealed similar results. 

5.3.1.2 Superoxide radical quenching potential 

Superoxide anion itself is a feeble oxidant whilst it yields influential and perilous 

hydroxyl radicals besides singlet oxygen with consequential induction of complex 

progression of lipid peroxidation, damage of membranous arrangements and cellular 

harms (Hochstein and Atallah, 1988). 

In the current investigation, ability of different fractions of methanol extract of A. 

hydaspica to scavenge superoxide radicals was increased with the increase of dose. 

Results indicated that the phytochemical components present in methanol extract and its 

various fractions were scavengers of superoxide radical even at low concentration. AHE 

fraction of A. hydaspica reveals extinguishing potential analogous to ascorbic acid. The 
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potent electron scavenging ability of the methanol extract and its various fractions could 

be possibily due to the antioxidant phytochemicals like flavonoids and polyphenolic 

materials that are able to minimiz the oxidation of biological macromolecules (Sahreen et 

al., 2010). The correlation analysis showed higher correlation with total phenolic content 

in comparison to total flavonoid level, attributing the superoxide radical quenching action 

of A. hydaspica was might be due to the phenolic content. 

5.3.1.3 Hydroxyl radical quenching potential 

Hydroxyl radical being exceedingly detrimental amongst various ROS has short 

half life and reacts immediately in the nearby vicinity after its production. It is 

responsible for most of the free radical prompted damages to proteins, DNA, 

polyunsaturated fatty acid in membranes and biological molecules. In hydroxyl radical 

test, intensity of red color indicates the amount of malonaldehyde formation. Hence the 

low intensity of red color development after the addition of extract sample is directly 

related to the radical inhibitory potency of sample (Gülçin et al., 2002).  

Extract/fractions of A. hydaspica actively sifted the hydroxyl radicals and stoped 

the degradation of 2-deoxyribose with varying potencies. Highest activity was shown by 

AHE followed by AHB and AHM. A high scavenging activity of AHE for OH radical 

was reported previous studies (Shah et al., 2014a). 

5.3.1.4 Hydrogen peroxide radical quenching potential 

Hydrogen peroxide enters the human body through various environmental sources 

and within the body it promptly decomposed into oxygen and water resulting in the 

creation of hydroxyl radicals (•OH) (Ruch et al., 1989). Therefore, it’s worthwhile to 

determine the ability of plant extracts to inhibit hydrogen peroxide radical. Methanol 

extract/fractions of A. hydaspica possess significant ability to quench the hydrogen 

peroxide radicals, demonstrating the antioxidant potential of the plant. Ethyl acetate 

fraction of A. hydaspica showed maximum scavenging potential. EC50 values showed 

significant correlation with both TPC and TFC, attributing the activity to the occurrence 

of phenolic and flavonoids that give electrons to hydrogen peroxide, thus neutralizing it 

into water. These findings are in line with the study of (Shah et al., 2014a). 
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5.3.1.5 ABTS radical scavenging assay 

In this assay, the reaction of ABTS with potassium persulfate in the existence of 

hydrogen-donating antioxidants outcomes in the formation of ABTS
+ 

blue/green 

chromophores, this reduction reaction is noted spectrophotometrically at an aborbance of 

745 nm. This scheme of determination of antioxidant action is equally pertinent to 

hydrophilic and lipophilic classes of antioxidants like; flavonoids, hydroxycinnamates, 

carotenoids and antioxidants in the plasma (Gülçin et al., 2002). AHM and all derived 

fractions possessed strong ABTS radical scavenging activity. AHB and AHE showed 

highest ABTS radical scavenging potential.  

Higher molecular weight phenolics possess strong capacity to scavenge ABTS 

radicals and their competence is more related to the quantity of aromatic rings and type of 

hydroxyl group replacement as compared to functional groups (Hagerman et al., 1998). 

Therefor ABTS radical scavenging potential of A. hydaspica may be attributed to 

phenolics and the results of correlation analysis are in agreement with the statement of 

Hagerman et al. The outcomes are also in line with the study of (Khan et al., 2012b; 

Hagerman et al., 1998). 

5.3.1.6 Chelating activity on Fe
2+

  

An imperative mechanism of antioxidants is their ability to chelate/counteract 

transition metals, demolish hydroperoxides and Fenton-Type reactions. Chelating agents 

possibly will act as secondary antioxidants due to their ability to lessen the redox 

potential and metal ions oxidation. (Flora, 2009). Consequently, it’s worthwhile to screen 

the iron (II) chelating aptitude of extracts. The chelating prospective of methanol extract 

and its consequent fractions was correlated well with the increasing concentration of each 

sample. AHE fraction exhibits strong chelating activity, similar to ascorbic acid. These 

results conforms with previous report where the ethyl acetate fraction of A. auriculiformis 

presented highest metal chelating power (Singh et al., 2007b). Correlation analysis 

suggested that the iron (II) chelating possessions of A. hydaspica may be accredited to its 

endogenous chelating agents like phenolics and flavonoids. As some phenolic 

compounds have properly oriented functional groups, which can chelate metal ions to 

protect against oxidative damage (Manian et al., 2008).  
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5.3.1.7 β-Carotene bleaching inhibition  

In this test, antioxidant competence is evaluated by quantifying the inhibition of 

the conjugated diene-hydroperoxides and the volatile organic compounds creation as an 

outcome of linoleic acid oxidation. Hence, the antioxidant occurrence can impede the 

magnitude of β-carotene bleaching by counterbalancing the linoleate and other free 

radicals formed in the process. The color of reaction solution was retained for a long time 

in the presence of an antioxidant compound while a rapid decrease in absorbance was 

noticed in the absence of antioxidant (Kartal et al., 2007).  

The efficacy of AHM/fractions to block oxidation of linoleic acid emulsion is an 

indication of the intricacy of the extract composition plus interaction between the extract 

and emulsion components. This information suggested that AHE, AHB and AHM have a 

prominent aptitude to react with free radicals and decipher them into non-reactive and 

more stable species by terminating the series of the radical reactions. Phenolic and 

flavonoid content in the A. hydaspica extract/fractions depicts direct correlation with 

potency of β-carotene bleaching inhibition. The correlation of phenolic and flavonoids 

with β-carotene bleaching inhibition potential is reported by other researchers as well 

(Barros et al., 2007; Sahreen et al., 2010). 

5.3.1.8 Anti-lipid peroxidation potential 

Lipid peroxidation, typically of polyunsaturated fatty acid moieties of cholesterol 

esters and phospholipids truncates the lifetime of nutrients and medications, producing 

damages cell membranes, fragmentation of DNA, metabolic malfunctioning, encourages 

the appearance of many human ailments and aging. Hence, investigators are dedicated 

toward the exploration for a powerful antioxidants (Pinchuk et al., 2012). 

Among the different fractions AHB and AHE fractions displayed lowest EC50 of 

lipid peroxidation activity followed by AHM < AHA< AHC < AHH. Anti-lipid 

peroxidation capacity of A. hydaspica showed pronounced correlation with TFC and also 

with TPC. Results of lipid peroxidation were in line with the previous study of (Singh et 

al., 2007b). 
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5.3.1.9 Total antioxidant capacity assay (TAC) 

Phosphomolybdenum method employs Mo (VI) to Mo (V) reduction reaction 

owing to the occurrence of antioxidant in the experimental sample, causing a subsequent 

development of green shaded phosphate/Mo (V) compound. The absorbtion of the 

solution was determined at 765 nm. The current analysis reveals that AHB displayed the 

uppermost antioxidant capacity followed by AHE. Latest reseraches proves that 

flavonoids and related polyphenols contributes substantially to the phosphomolybdate 

quenching capability of medicinal plants (Sharififar et al., 2009; Khan et al., 2012b). The 

antioxidant capacities of the extract/fractions have a strong relationship with the solvent 

employed, mainly due to the diverse antioxidant potential of compounds with altered 

polarities (Shah et al., 2014a). Phytochemical analysis reveals the presence of various 

boiactive phytochemicals that might be attributed to the antioxidant capacity of A. 

hydaspica. Our result correlate well with the research of Tung at al. reporting gallic acid, 

catechin, myricetin along with other polyphenols in A. confusa leaves extract were 

responsible for the significant antioxidant potential (Tung et al., 2009a).  

5.3.1.10 Reducing power inspection 

In this scheme, the oxidated iron (Fe
3+

) present in ferric chloride is transformed to 

ferrous (Fe
2+

) ions indicated by conversion of yellow color of the reaction solution to the 

green shade by the action of reducing agents in the sample. This conversion can be 

examined spectrophotometrically at 700 nm. Samples owning more reducing afficacy 

displayed high absorbance values. From the literature, its evident that reducing power is 

attributed to the existence of antioxidants that contributes hydrogens atoms to the free 

radicals (Fejes et al., 2000).  

At present it is an accepted notion that reducing efficiency is affiliated with 

antioxidant potential and it is governed by phenolic residents in numerous natural 

sources. The reducing capability of antioxidants has been credited to countless causes for 

instance radical scavenging, hindrance of chain reaction initiation, disintegration of 

peroxides (Brand-Williams et al., 1995). AHE at 250 µg/ml showed good reducing power 

that was comparable to standard Gallic acid. These results were in concurrence with the 
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former investigation of Singh et al, who reported that ethyl acetate extract of A. 

auriculiformis bark exhibit significant reducing potential (Singh et al., 2007b).     

5.3.2 Antibacterial activity 

Currently antimicrobial resistance is on top among serious health intimidations 

due to infections resulting from resistant bacteria. Such types of infections are mostly 

prevalent in susceptible patients experiencing cancer chemotherapy, dialysis due to renal 

failure, and surgery; principally organ transplantation for which the recipient capability to 

combat subsidiary infections is very essential. The causes of antibiotic resistance are 

complex. Development of new and novel antibiotics is the need of the hour. Medicinal 

plants have been in use since century for treating different ailments. The universality and 

usefulness of traditional medicine/medicinal herbs are obvious from their persistent use 

by a substantial portion of the world’s inhabitants (Gilani et al., 2010; Cáceres et al., 

1995; Shinwari and Qaisar, 2011). A single plant processed in changed preparations can 

be used to remedy wide range of ailments and may show outstanding outcomes against 

different pathogens (Kuroyanagi et al., 2012). 

The test organisms used in the investigation were selected based on their 

association in varied pathologic human infections. For example; E. coli causes septicemia 

and lungs infection, gall bladder and skin lesions besides various forms of foodstuff-

borne ailments that commonly consequences in diarrhea (Mølbak et al., 2002). 

Staphylococcus aureus infection is a leading reason of skin, bone, joint, soft-tissue, 

respiratory and endovascular disorders (Lowy, 1998). Micrococcus luteus cause minor 

infections in patients with suppressed immunity. Bordetella bronchiseptica occasionally 

found in respiratory tract infection as an opportunistic pathogen (Bonjar, 2004). 

The outcomes of the present research indicated a general trend of higher 

antimicrobial activity in ethyl acetate (AHE) and n-butanol (AHB) fractions of A. 

hydaspica methanol extract. Extract/fraction showed specificity in activity against 

different bacterial strains. The ethyl acetate fraction was the most active fraction against 

both gram positive and gram negative bacterial strains and showed lower MIC values. 

Current  findings were in line with the outcomes of Guta et al., illustrating ethyl acetate 

fraction of A. nilotica fruit to possess maximum antibacterial activity (Guta et al., 2009). 
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Analogous results were obvious from the study of Mbolekwa et al., demonstrating the 

antibacterial activity of various fractions of stem bark extracts of A. mearnsii De Wild, 

and results of their study reveal that ethyl acetate fraction was the maximum active 

fraction against all tested bacterial strains (Mbolekwa et al., 2014). Berahou et al. 

reported similar findings in studying different fractions of methanol extract of Quercus 

ilex (Berahou et al., 2007). Mattana et al. study indicated that antimicrobial activity of A. 

aroma against methicillin-resistant and methicillin-sensitive Staphylococcus was due to 

the presence of flavonoids (Mattana et al., 2010). Many other previous studies also 

authenticated the antimicrobial activity of phytochemical preparations rich in flavonoids 

(Cushnie and Lamb, 2005; Mandalari et al., 2007; Arias et al., 2004; Kubmarawa et al., 

2007). Flavonoids are potential antimicrobial substances possibly due to their ability to 

interact with soluble and extracellular protein and to formulate bonding with cell wall of 

microbes and thus stimulating the bacterial growth inhibition (Cowan, 1999).  

The potential of A. hydaspica methanol extract and its different fractions against 

both bacteria (gram-positive and gram negative) demonstrates that fractions might 

contain broad range of antibiotic phytochemicals or metabolic phytotoxins. These 

fractions may probably be beneficial for the escalation of novel medicines against 

microbes. Our results are in concurrence with previous findings (Kuete et al., 2008; 

Sibanda and Okoh, 2007) according to them, plant materials may be a impending source 

for the development of antimicrobial therapies.  

Previous research demonstrated that Gram negative and Gram positive bacteria 

both were found to be very challenging, the non-polar fractions were the only ones to 

demonstrate potential against both strains of bacteria (Martini and Eloff, 1998). On 

contrary, our results indicate that polar fractions showed higher potential against both 

Gram positive and Gram negative bacteria might be due to combined influences of 

various compounds present in each fraction. It may be likely that polarity of the polar 

phytochemicals like tannins, flavonoids and alkaloids present in various fractions might 

act mutually with the conformation of the cell structure of this sort of bacteria. Related 

antimicrobial findings of methanol extract/ fractions accredited antimicrobial potential to 

bioactive phytochemicals were reported in earlier studies (Negi and Dave, 2010).  
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Among all fractions tested AHE seems to be more potent antibacterial fraction, 

hence subjected to bioassay guided isolation of lead compounds responsible for the 

observed antimicrobial activity.  

5.3.3 Antifungal activity 

Several compounds in plant tissues may participate in the plants defense system 

against different microbes. Consequently, the test for the bioactive phytochemicals from 

higher plant against various microbes has been accentuating (Mahadevan and Sridhar, 

1982). Our current research demonstrates that methanol extract A. hydaspica has potent 

activity against A. fumigatus strain and A. solani while moderate activity against A. niger 

and A. flavus. Among the tested fractions AHE seems to be best potent fraction against 

all tested strains, inhibit significantly the growth of F. solani and A. niger; whereas 

moderately inhibit the growth of A. flavus and A. fumigatus. AHB showed inhibitory 

potential only against F. solani and moderately inhibit its growth while non-significant 

inhibition was observed against other strains. The varied potency of various fractions of 

A. hydaspica against tested fungal strains confers diversity of phytochemicals in different 

fractions that results in variable/specific potency of activity. Among all tested samples 

from A. hydaspica ethyl acetate fraction presented uppermost antifungal activity against 

all tested strains. Similar findings were reported in the study of (Novriyanti et al., 2010). 

Physiologically active flavonoid constituent in AHE and AHM might be responsible for 

the antifungal activity. Studies point out that flavonoids signify novel leads, and 

forthcoming researches may permit the advancement of a pharmacologically suitable 

antimicrobial mediators or class of agents (Cushnie and Lamb, 2005).  

The antifungal activity of flavonoids was mainly due to their ability to make 

bonding with extracellular and soluble proteins as well as with fungal cell wall. The 

highly lipophilic nature of flavonoids helps in disrupting the fungal membrane (Arif et 

al., 2009).  

Due to pervasive aptitude of flavonoids to impede spore germination of plant 

pathogens, they have been anticipated to be operative against human fungal pathogens 

(Harborne and Williams, 2000). Flavanone extracted from the Eysenhardtia texana shrub 

has been recognized as 5,7,4′-trihydroxy-8-methyl-6-(3-methyl-[2-butenyl])-(2S)-
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flavanone and revealed to own activity to counter the devious pathogen Candida albicans 

(Wächter et al., 1999). The flavonoid 7-hydroxy-3′,4′-(methylenedioxy) flavan, isolated 

from Terminalia bellerica, revealed potency to counter C. albicans (Valsaraj et al., 

1997b). The high flavonoid content in propolis has been credited for its potency against 

dermatophytes and Candida spp. (Cafarchia et al., 1999). Moreover, Galangin is an other 

flavonol usually available from propolis samples presented impedory action against 

Aspergillus tamarii, A. flavus, Cladosporium sphaerospermum, Penicillium digitatum and 

Penicillium italicum (Afolayan and Meyer, 1997; Fearnley, 2001). 

5.3.4 Anti-hemolytic activity 

The most plentiful cells in the human body are found to be the erythrocytes, 

which own copious biological and morphological characteristics, hence they have been 

widely exploited in drug transport. The polyunsaturated fatty acids (PUFA) and 

hemoglobin molecules which are redox active oxygen transport molecules and potent 

promoters of activated oxygen species maily target the erythrocytes. Oxidative mutilation 

to the erythrocyte membrane lipids and proteins may be responsible for hemolysis 

accompanying with several factors viz. hemoglobinopathies, oxidative drugs, excess of 

transition metals, various radiation, and deficiencies in erythrocyte antioxidant 

coordination (Ebrahimzadeh et al., 2009; Hamidi and Tajerzadeh, 2003). The magnitude 

of hemolysis was appeared to be much more overwhelming, when red blood cells were 

exposed to any toxicant like hydrogen peroxide. The demolition of erythrocytes cell 

membrane and subsequent liberation of hemoglobin from the cells after hydrogen 

peroxide exposure could be ascribed to the oxidizing attribute of hydrogen peroxide. 

Further more, hydrogen peroxide causes the mobilization of Fe
2+

 by Ca
2+

 via Fenton 

reaction which subsequently leads to the homeric formation of OH radicals. Together all 

these impacts outcomes in erythrocyte cell membrane deterioration (Naim et al., 1976). 

In the current analysis, anti-hemolytic potential of A. hydaspica methanol extract and its 

derived fractions was assessed. Results demonstrate that A. hydaspica AHB fraction 

exhibit excellent RBC membrane stabilizing activity by providing 97% anti-hemolytic 

activity. Besides that AHE and AHM also provide significant protection against 
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hemolysis by quenching of hydroxyl radicals. The outcome of the current experiment 

presents the occurrence of primary antioxidants, which possess anti-hemolytic effect. 

5.3.5 Cytotoxicity assay  

5.3.5.1 Brine shrimp lethality assay (BSLA) 

The search for anticancer agents can be stream lined by using preliminary 

bioassays. Preliminary cytotoxicity screening of AHM and its consequent fractions was 

performed through BSLA. This technique is easily mastered, cost little and utilizes small 

amount of test material and provide front line screen, enabling selection of plant extract 

with potential antineoplastic activity,  backup by more specific bioassays once the active 

compounds have been isolated. The procedure estimates the cytotoxicity value in µg/ml 

(Meyer et al., 1982). 

Results showed significant toxic effects of methanol extract and various fractions. 

Particularly ethyl acetate and n-butanol fraction exhibit maximum toxic activity with 

95% dead shrimps at 1000 µg/ml. The difference in BSLA results demonstrated the 

combined potentials of a range of bioactive phytochemicals. Our results were in harmony 

with previous study of Peteros and Uy, who demonstrated while appraising the activity of 

cytotoxicity of extracts the amount and worth of secondary phytochemicals like 

flavonoids, tannins etc. were possibly liable for the alteration in results (Peteros and Uy, 

2010). In keeping with Meyer and coworkers findings, who categorized (crude) extracts 

and phytochemicals (pure) into toxic (LC50 value < 100 mg/ml) and nontoxic (LC50 value 

> 1000 mg/ml), all demonstrated significant brine shrimp larvicidal potential (Meyer et 

al., 1982). Furthermore, Peteros and Uy (2010) indicated the occurrence of efficient 

cytotoxic phytochemicals of plant extracts (LC50 values < 100 mg/ml) to BSLA (Peteros 

and Uy, 2010).  

BSLA outcomes may be employed to escort the investigators on which crude 

plant extracts/fractions to program further analysis, fractionation and drawing out of 

bioactive constiuents. Afterwards, isolated bioactive compounds should be submitted to 

additional cytotoxicity tests and specific bioassays for valuation (Peteros and Uy, 2010). 
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5.3.5.2 Cytotoxicity evaluation against cancer cell lines using MTT assay 

Effective antioxidant extract/fractions were tested against normal (VERO) and 

cancerous mammalian cell lines (HCC-38 and MDA-MB-361) in order to evaluate the 

cyto-selective potential between cancer and normal cells. Maximum numbers of the 

anticancer drugs presently consumed in chemotherapy are cytotoxic to healthy cells, 

consequences in surplus anomilies. The extract/fractions expressed more or less similar 

activity in cancer cell lines while significant difference in sensitivity towards cancer and 

normal cell lines were observed for each extract. A. hydaspica extract/fractions showed 

significant cytoselective effect indicated by higher selectivity index values. 

Phytochemical investigation indicates the presence of bioactive metabolites in active 

extract/fractions that might contribute to the antiproliferative ability. Our results are in 

agreement with the previous study of Kalaivani et al., demonstrating that distinct effect of 

A. nilotica extracts in each cell line might be due to the phytodiversity or varied 

mechanisms accompanying each of the compounds (Kalaivani et al., 2011b). Similarly, 

certain grape wine ingredients have anticancer properties with selectivity toward only 

cancer cells while non cytotoxic to normal cells and these constituents may be expedient 

for developing upscale functional foods with cancer preventive properties (Hakimuddin 

et al., 2004).  

Flavonoids have been presented little or no cytotoxic effect on healthy cells while 

being cytotoxic against various human cancer cells (Sghaier et al., 2011). Flavonoids 

mediate their actions by various ways i.e., simply binds to the cell membrane, penetrate 

in vitro cultured cells or via modulation of the cellular metabolic activities. Extenuation 

of oxidative damage, carcinogen inactivation, inhibition of cell growth and 

differentiation, induction of cell cycle arrest and apoptosis, diminishing of tumor 

angiogenesis and restriction of metastasis are the major implications of flavonoids anti-

carcinogenic activities (Li et al., 2008; Sak, 2014).  

Furthermore, studies indicated that catechin is an important phenolic compound 

with diverse beneficial health effects and its metabolites have shown therapeutic potential 

as an antioxidant, anti-apoptotic, inhibit proliferation of breast cancer cells, block 

carcinogenesis and its effect is more pronounced in cancer cells as compared to normal 
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cells (Obrenovich et al., 2010). Myricetin is also able to induce apoptosis of pancreatic 

cancer cells, human bladder carcinoma cell line, trigger apoptosis, regression of tumor 

growth, decrease metastasis and it increases bioavailability of tamoxifen, a drug used to 

treat breast cancer (Gaascht et al., 2013). Gallic acid (GA) possesses potent antitumor and 

antioxidant properties. The cytotoxicity presented by gallic acid was not a common 

feature in phenolic compounds, but was a acceptably particular characteristic of gallic 

acid and three neighboring phenolic hydroxyl moities of gallic acid were accountable for 

the cytotoxicity and the carboxyl group might not be liable while it seems to be 

implicated in distinguishing between healthy cells and melanoma cells (Inoue et al., 

1995). Hence presence of gallic acid in A. hydaspica might be the reason for 

cytoselective effect. The research conducted by Ali et al. also illustrated that gallic acid 

and polyphenols in the acetone extract of A. nilotica are predisposed for cytotoxic activity 

(Ali et al., 2012). The current study provides a significant bearing in exploration for 

agents, which can reduce the detrimental consequences of anticancer drugs. 

5.3.6 Pharmacological activities 

The current study reports the antipyretic, analgesic, anti-inflammatory and 

antidepressant potential of A. hydaspica methanol extract of aerial parts and its derived 

fractions. Present investigation showed that the AHM and AHE possess noticeable 

analgesic, antipyretic, anti-inflammatory and antidepressant properties with an equitable 

protection profile. 

5.3.6.1  Antipyretic activity 

Subcutaneous injections of Brewer’s yeast induce pyrexia (called as pathogenic 

fever) by increasing the production of prostaglandins. Antipyretic action is frequently 

ascribed as a feature of drugs or compounds which have an inhibitory influence on 

prostaglandin-biosynthesis, and this method is known as a valid method for the screening 

of plant materials as well as man-made synthetic drugs for their fever releiving efficacy 

(Muhammad et al., 2012). AHM and its fraction AHE exhibited significant antipyretic 

activity at 150 mg/kg dose, equivalent to paracetamol (standard drug). Inhibition of 

prostaglandin synthesis by blocking the cyclooxygenase enzyme activity could be the 
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probable reason of antipyretic action resembling that of paracetamol. Besides that 

antipyretic effect might be governed by the ability of extract samples to reduce pro-

inflammatory stimulators, improve anti-inflammatory signals at sites of injury, or 

increase antipyretic communications within the brain (Khan et al., 2014). The observed 

effects might be due to the presence of pharmacologically active metabolites that might 

interfere with the release of prostaglandins. However, it must be noted that several 

biochemical events occur in due course of the production of prostaglandins. For that 

reason it may be worthwhile to inspect the precise point in the biochemical events where 

the extract employs its antipyretic influence.   

5.3.6.2 Anti-inflammatory activity  

Carrageenan-induced pedal edema is a conventional preliminary screening test for 

evaluating the anti-inflammatory effectiveness (Tian and Row, 2011). Carrageenan 

persuades pedal edema bi-phasically: the initial phase which encompasses from 0-2.5 h, 

principally outcomes owing to the release of serotonin, bradykinin and histamine. 

However, COX enzyme is renowned to perform main part in the advancement of the 

advanced stage of inflammation via changing arachidonic acid into prostaglandins. This 

enzyme is viewed as a well-recognized target for a range of NSAIDs, for instance aspirin 

and diclofenac sodium, which impede pedal edema in rats at the advanced phase 

subsequent to carrageenan inoculation (Gilani and Janbaz, 1993; Blokhina et al., 2003; 

Birben et al., 2012). AHM significantly (p < 0.001) inhibited paw edema in the advanced 

phase in a pattern similar to diclofenac sodium; whose mechanism of action is inhibition 

of cyclooxygenase enzyme synthesis. Although the actual mechanism of action is not 

well-implicited, it is possible that the anti-inflammatory action demonstrated by A. 

hydaspica extracts could be endorsed to the inhibition of the production or release of 

inflammatory mediators specially prostaglandin. Therefore, we tested AHM and AHE 

extracts against PGE2 induced paw edema in rats. Results showed that both extracts 

significantly reduced PGE2 induced edema with maximum protection observed after 4 h. 

PGE2 is an important mediator of second phase inflammation. These results are in 

concordance with reported literature for other Acacia species which possesses 

antiasthmatic, analgesic, anti-inflammatory, and antioxidant possessions (Malviya et al., 
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2011). The inhibition of inflammation by extracts could be accredited to the presence of 

active constituents. 

HPLC-DAD examination of AHM extract shows the existence of bioflavonoids, 

gallic acid, catechin, caffeic acid and rutin, which were identified for the first time in 

subject plant. Furthermore, chemical investigation of AHE resulted in the isolation of 7-

O-galloyl catechin, + catechin and methyl gallate. Gallic acid revealed anti-inflammatory 

activity by interfering with the functioning of polymorphonuclear leukocytes (PMNs) and 

assembly of active NADPH-oxidase. Presence of gallic acid in AHM might be 

contributing to strong anti-inflammatory activity as, O-dihydroxy group of gallic acid is 

important for the impeding activity in vitro (Han et al., 2009). Caffeic acid exerted both 

in vitro and in vivo anti-inflammatory potential probably through modulation of iNOS 

expression and other inflammatory mediators. Catechin is the class of flavonoids with 

potent  cancer chemopreventive, neuroprotective, antiapoptotic, and anti-inflammatory 

properties in various ailments (Tan et al., 1998; Shah et al., 2014a). Rutin is an important 

plant secondary metabolite and reported as hepatoprotective, antioxidant, and anti-

inflammatory mediator (Shah et al., 2014a).   

5.3.6.3 Analgesic activity  

Acetic acid persuaded writhing experiment is a distinctly proposed method 

designed for evaluating the analgesic potential of test samples. In paradigm of acetic 

acid persuaded writhing; pain feeling is prompted by a confined inflammatory response 

produced owing to the release of arachidonic acid (free form) from tissue phospholipids 

by means of COX. This process may results in the production of prostaglandins 

specifically PGE2 and PGE2α along with rise in the level of lipooxygenase products in 

theperitoneal fluid (Granger, 1988; Duarte et al., 1987; Fenton, 1894). These 

prostaglandins and lipoxygenase product cause swelling and agony by the cumulative 

capillary permeability and releasing endogenous substances that arouse pain nerve 

endings. NSAIDs cause inhibition of COX enzyme in the peripheral tissues and affect 

the transduction process of key afferent nociceptors (Scandalios, 2004). Our results of 

acetic acid-induced abdominal constriction assay demonstrated a prominent reduction in 

writhing reflux. The analgesic effect observed at 150mg/kg dose was comparable with 
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the diclofenac sodium; a standard NSAID drug (Zulfiker et al., 2010; Kaushik et al., 

2012). These findings strongly recommend that AHM and AHE extracts of A. hydaspica 

possess peripheral analgesic action and the mechanisms behind observed action may be 

explained by the inhibition of local peritoneal receptors via cyclooxygenase inhibition.  

Hot plat tests were used as model of thermal nociception in order to assess the 

central analgesic action. Both AHM and AHE displayed noteworthy (p < 0.001) 

analgesic effect in the hot plate test, implicating that plant extract may possibly action as 

a narcotic analgesic. Diclofenac sodium induces analgesic effect through activation of 

opioid receptors (Brogden et al., 1980), and the apparent similarity between the results 

of extracts with standard diclofenac sodium, indicates that they might work in a same 

manner to reduce pain sensation as diclofenac sodium. The profound analgesic activity 

of A. hydaspica extracts might be due to the intervention of their bioactive constituents 

that intervenes with the release of pain mediators, for instance the flavonoids increase 

the extent of endogenous serotonin or may cooperate with 5-HT2A and 5-HT3 receptors 

which may possibly be intricated in the mechanism of central analgesic prospective 

(Kaushik et al., 2012). Diclofenac sodium, fluoxetine (10 mg/kg) AHM, and AHE (150 

mg/kg) raised the pain threshold level within 30 min of administration. AHM and AHE 

showed more pronounced  analgesic effect at 150 mg/kg dose than fluoxetine (10 

mg/kg); stronger effects of plant extracts than fluoxetine is also in accordance with a 

verified observation that medicinal plants keep an amalgamation of ingredients 

comprising different mode (s) of action, proposing synergistic effects with no side 

effects. However the difference in concentrations to achieve the maximum analgesic 

point could be expounded by differences in the metabolic rate of respective drug (Gilani, 

2005). 

AHE was also found to possess the most significant pharmacological activities, 

which might be due to  the presence of isolated flavanols: 7-O-galloyl catechin, +catechin 

and methyl gallate, previous data also affirmed that these compounds possess anti-

inflammatory, analgesic and pain relieving potential (Singh et al., 2010a).  

The presence of gallic acid, methyl gallate, 7-O-galloyl catechin, catechin, rutin 

and caffeic acid  in the other species of the genus Acacia and their effect against COX 
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and 5-lopoxygenase along with the antipyretic action of the methanol extract of A. 

modesta leaves (Bukhari et al., 2010), supplemented the antipyretic, anti-inflammatory 

and analgesic activities of our tested extracts and validated its ethnomedicinal use as anti-

inflammatory agent. 

5.3.6.4 Antidepressant potential 

Depression represents one of the major health problems among other mood 

disorders worldwide. The execution of suitable animal models is essential for 

understanding of the neurobiological basis of mood disorders and is paving the approach 

for the discovery of novel therapeutic targets. Forced Swim Test (FST) and Tail 

Suspension Test (TST) are employed as a exemplary system to probe depressant 

condition in rodents (Pollak et al., 2010). Immobility or despair behavior produced in 

both FST and TST were hypothesized to show that animals hopelessness, are taken as 

paradigm of depression and given the name “behavioral despair”. This simple behavioral 

procedure is widely used test for screening novel antidepressants which decrease the 

immobility period (Porsolt et al., 2000). FST offers a convenient model to inspect the 

neurobiological and genetic mechanisms causative for the stress and antidepressant 

comebacks (Lucki et al., 2001). 

Animal were indorsed to swim in an inescapable chamber filled with water. 

Animals showed energetic climbing and swimming ability follow by immobile posture 

presenting only movements to maintain head above the water surface. This immobile 

action demonstrates lower mood. The components that reduce this behavior were known 

to have antidepressant activities. The test is specific and sensitive to a variety of groups 

of antidepressants. All the antidepressant drugs mainly decrease the immobility duration 

while the vigorous behavior, both swimming and climbing are different reliant upon the 

antidepressant agent present in the plant extract. Normally a boost is observed in the 

swimming behavior by fluoxetine (Porsolt et al., 2000).  

In present examination, the influence of acute dose (200 mg/kg b.w., p.o.) of 

AHM and its derived fractions was estimated using FST and TST as compared to 

negative control (saline) and positive control (fluoxetine). Antidepressant potential was 

analyzed by estimation of swimming time, immobility interval, and climbing spell in FST 
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while only immobility duration was observed for the TST (Kulkarni and Dhir, 2007). The 

result of current investigation exposed the significant antidepressant potential of AHM 

and its fraction AHE as compared to other derived fractions. Recorded immobility period 

with AHM and AHE was noticeably short as compared to that of negative control. On the 

other hand, immobility timing of AHM and AHE was similar to that of fluoxetine 

(standard antidepressant drug); which is a serotonin reuptake inhibitor, susceptible 

similar mechanism of action of AHM, AHE and fluoxetine (Detke et al., 1995). The 

reduction in immobility caused by fluoxetine was escorted by an increase in swimming 

and climbing time. The possible difference in behavior among AHM and AHE with other 

fractions might be due to the occurrence of various bioactive potent phytochemicals. 

The agents containing both selective serotonin and nor-adrenaline reuptake 

inhibitors (SSRIs and NRIs) showed potent swimming and climbing activity in FST as 

compared to those acting selectively on one particular system. Such chemicals are known 

to be more operative in treatment of resistant stressed patients (Weilburg et al., 1989; 

Seth et al., 1992). Based on these statements methanol extract of A. hydaspica and its 

active fraction AHE might considered to be beneficial by effecting both behavioral 

contributions and neurochemicals (SSRIs and NRIs) due to the presence of polyphenol. 

Swamy and colleagues described that combination of polyphenols showed potent 

antidepressant activity by enhancing swimming period in FST in rats (Swamy et al., 

2011)  

Results of TST reveal that total immobility duration was decreased significantly 

with A. hydaspica crude methanol extract and its subsequent fraction AHE, while other 

fractions except AHB were not shown to be very potent antidepressants. Flouxetine 

shows the antidepressant potential that is statistically analogous to that of AHM and 

AHE. 

Oxidative stress might be the underlying cause related to the pathophysiology 

depression or associated behavioral changes. This concept was expected by manifestation 

of substantial association between the level of erythrocyte superoxide dismutase 

lipoperoxidation and severity of depression (Bilici et al., 2001). Plant extracts treatment 

that possesses antioxidant capacity also potentiate antidepressant potentials in in vivo 
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studies (Sairam et al., 2002; Vanzella et al., 2012). Function of flavonoids with 

antidepressant potential has been established in many plants in traditional (Howes and 

Houghton, 2003). The antioxidant potential of the AHM and AHE may complement their 

antidepressant like action (Binfaré et al., 2009). Messaoudi et al. reported that flavonoids 

rich cocoa extract significantly reduces the immobility period in FST (Messaoudi et al., 

2008). Furthermore, current findings are reinforced by the study of Zu et al., reported that 

more ingestion of green tea outcomes in lower prevalence of depressive signs (Zhu et al., 

2012). HPLC-DAD screening indicates the presence of gallic acid, catechin, rutin and 

caffeic acid in A. hydaspica methanol extract and chromatographic isolation of AHE lead 

to the isolation of three major polyphenolic compounds, viz. 7-0-galloyl catechin, 

catechin and methyl gallate. The observed antidepressant activity in both FST and TST 

might attribute toward the presence of these polyphenols. Previous studies affirm the 

antidepressants like effect of above mentioned polyphenols (Lee, 2013; Campos et al., 

2005). Still the precise mechanism of antidepressant potency of the methanol extract and 

AHE fraction is not completely understood.  

 Protective effect of A. hydaspica against chemotherapeutic drugs induced 5.4

toxicity in vivo. 

In vitro bioassay and phytochemical screening reveals AHE fraction exhibiting 

best antioxidant potential and polyphenolic content among A. hydaspica methanol extract 

and its derived fractions.  In this context, present in vivo study was conceded to evaluate 

the potency of AHE as an antioxidant against CP and DOX induced alterations in blood 

lipid profile, biochemical and oxidative stress markers of tissue and histological changes 

in liver, kidney, lungs, heart and testis. 

5.4.1 Body and organ weight 

In current investigation, sole dose of CP (7.5 mg/kg i.p.) and DOX administration 

for 6 weeks (3 mg/kg b.w/week) outcomes in substantial decline in the final body weight 

of rats in contrast to the control group. In accord with our observations, Nasr and Saleh 

noticed a noteworthy lessening in the body weight of CP innoculated rats after single i.p 

inoculation of CP (Nasr and Saleh, 2014; Abdelmeguid et al., 2010; Chirino et al., 2004). 
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Similarly, DOX treatment has also been reported to decrease body and organ weight in 

rats (Rašković et al., 2011). The decline in body weight gain noticed in both treated 

groups might be in some manner due to the direct toxic impact of these chemotherapy 

drugs on renal tubules that prompted lessening in water reabsorbtion and disproportionate 

sodium excretion ensuing dehydration, polyuria and fall in body weight (Azu et al., 2010; 

Nasr and Saleh, 2014) or it might be due to gastrointestinal toxicity with consequent 

diminution in appetite, consumption and assimilation of food (Azu et al., 2010). 

Similarly a remarkable decrease in absolute organ weight (liver, kidney, lungs, 

testis and heart) was noticed in both CP and DOX treated rats. Similar findings were 

noticed by other researchers (Nasr and Saleh, 2014; Patil and Balaraman, 2009; Zhao et 

al., 2012). In contrast, an observable improvement in the body and organ weight was 

recorded in AHE administered animals. AHE pretreatment in CP experiment and AHE 

co-treatment at 400 mg/kg dose in DOX experiment restores the body and organ weight 

close to that of control group, and their effects were comparable to the respective 

silymarin treated group. Post treatment in case of CP toxicity and low dose treatment in 

DOX toxicity experiments also results in significant improvement of above described 

parameters whilst the potency is less as compared to other treatment groups. Such 

outcomes provided an endorsement on the potential protective impact of AHE against the 

injuriousness induced by CP and DOX on various tissues.  

5.4.2 Lipid profile  

In the present research, it was observed that CP and DOX disturb liver function 

by alterations in the plasma lipoproteins. Up and down levels of plasma lipoproteins have 

a significant relation with proper liver functioning. Low density lipoproteins (LDL) and 

high density lipoproteins (HDL) are fundamental in lipoprotein passage. CP and DOX 

induced hepatic fibrosis with high cholesterol, triglycerides, LDL and decreased the level 

of HDL. These alterations in lipid profile indicated an association with liver and heart 

ailments in people with CP and DOX therapy. Hyperlipidemia appears to be the major 

factor contributes to adriamycin induced heart failure (Iliskovic and Singal, 1997). 

Results showed significant amelioration of altered serum total cholesterol, triglycerides, 

LDL and HDL levels in AHE treatment groups, and pretreatment group showed more 
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significant reversal compared to post treatment group. AHE dose dependently replenish 

the alteration induced by DOX. These findings exhibit the hepato-protective effect of 

plant fraction. Analogous results were observed by Nora et al. while experimenting on 

male rats to inspect the protective effect of guabiju and red guava against CP-induced 

hypercholesterolemia (Nora et al., 2014). Iliskovic and Singal pointed out that probucol 

achieved its preventive effect against adriamycin induced cardiomyopathy due to its lipid 

lowering and antioxidant properties, indicating that lipid lowing property is an important 

factor in achieving cardio-protective influence (Iliskovic and Singal, 1997).  Presence of 

flavonoids in AHE might be responsible for the observed effect. The study of Pilehvar et 

al. indicated that flavonoid rich grape seed oil decrease the TG and cholesterol while 

increase the HDL content in male Wister rats (Pilehvar et al., 2013). 

5.4.3 Hepatotoxicity studies 

Both Cisplatin (CP) and doxorubicin (DOX) are potent anti-tumor drugs against a 

broad range of malignancies. However, the remedial use of CP is associated with various 

adverse effects as higher doses of CP or low-repeated CP therapy could lead to austere 

hepatotoxicity and nephrotoxicity (Pratibha et al., 2006). Similarly DOX use is restricted 

for its severe cardiotoxicity and hepatotoxicity (Rašković et al., 2011). Diminished 

antioxidant defense system including both enzymatic and non-enzymatic antioxidant 

molecules, due to oxidative stress induced generation of ROS are major alterations in CP 

and DOX induced toxicity (Mansour et al., 2006). Until now, extensive number of 

investigations have been focused on the ways for preventing the chemotherapy induced 

side effects using herbal products (Amin and Hamza, 2006). These studies suggested that 

the side effects of CP and DOX could be secure by plant extracts of different chemical 

nature. We hypothesized that AHE might be useful in attenuating drug-induced oxidative 

hepatic injury. Therefore, the effect of AHE using both pre-treatment and post-treatment 

models were evaluated against CP induced toxicity in order to study the preventive or 

curative influence of plant treatment while in case of 2
nd

 experiment dose dependent 

protective effect of AHE was evaluated against DOX induced toxicity. 

The outcome of present study showed marked liver impairments in both CP and 

DOX administered groups as revealed by significantly elevated levels of serum 
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concentration of ALT, AST, ALP, TSB and DB. The elevated levels of these serum 

biomarkers revealed hepatic dysfunction, which could be an ancillary event following 

drug-induced liver damage with consequent enzyme leakage from the hepatocytes. These 

finding are in line with the study of (İşeri et al., 2007; Bogin et al., 1994). Similarly Zhao 

et al. demonstrated the hepatotoxic effect of DOX by altering serum AST and ALT 

activities and inducing oxidative stress (Zhao et al., 2012). Kim et al. also indicated that a 

single administration of CP in ICR mice can cause liver function impairments; 

characterized by elevation of AST and ALT activities through the underlying mechanism 

of CP-induced inflammation (Kim et al., 2004). Moreover Liao et al. demonstrated that 

CP altered liver function of male albino mice, accompanied by significantly increased 

ALT activity in mice via a mechanism of oxidative stress caused by augmented MDA 

content and reduced GSH levels (Liao et al., 2008). AHE protect cellular damage by 

decreasing the elevated levels of serum biomarkers as compared to CP and DOX alone 

treated groups of respective experiment. 

Amongst the cellular antioxidants SOD, POD, CAT, QR, GST, GSH, γ-GT, GPx 

and GR are extensively explored because of their noteworthy role in defense system. 

Superoxide dismutase is an exceptionally effective antioxidant enzyme that catalyzes the 

dismutation reaction of superoxides to H2O2 and O2. Whereas, catalase is a ubiquitous 

enzyme but mainly rich in liver further engages in breakdown of hydrogen peroxide 

(H2O2) to water. In the GSH (glutathione) reaction system, GSH is oxidized to GSSG by 

the help of GPx which consecutively converted back to GSH by the reducing power of 

GR. GSH also work as a cofactor for GST that is present equally in the cytosol and 

endoplasmic reticulum, basically involve in catalyzing the production of GSH 

electrophile conjugate therefore detoxify xenobiotics to produce stable compounds 

(Boyer et al., 1984). It is observed that lipids peroxidation can cause genetic up 

regulation of fibrogenic cytokines by initiating the production of collagen and stimulating 

hepatic stellate cells (Parola and Robino, 2001). Administration of CP and DOX results 

in significant increase in lipid peroxidation; reflected by enhanced liver tissue MDA 

content, NO and H2O2 levels, and decrease tissue antioxidant enzymes validating 

oxidative stress. These findings are concurrent with previous finding regarding CP side 



Chapter 5                                                                                                             Discussion 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            310 

 

effects; displaying marked increase in MDA levels, a lipid peroxidation biomarker, and a 

marked reduction in glutathione (GSH) levels in liver tissues after CP treatment 

indicating oxidative stress-induced hepatotoxicity. Similarly Liu et al. reported that 

adriamycin treatment diminished glutathione peroxidase activity and augmented lipid 

peroxidation (Liu et al., 2002). 

 In the current investigation, the tissue protein content and the level of oxidative 

stress markers retained towards normal (control) with AHE treatment. This restoration 

was accompanied with improvement of antioxidant enzymes. AHE pretreatment more 

significantly provide protective impact as compared to AHE post administration, 

illustrating the preventive effect of AHE against CP induce intoxications. Similarly AHE 

co-treatment results in significant reversal of DOX induced deteriorations in a 

concentration dependent mode. Analogous findings were also presented in the study of 

Wahhab et al. while investigating the protective influence of ginseng extract against CP 

persuaded hepatotoxicity (oxidative stress) (Abdel-Wahhab et al., 2011). Current findings 

were in accord with studies of Attyah and Ismail, who demonstrated that ginger possess 

therapeutic effects by suppressing the CP induced damage and reverting enzyme levels 

towards normal (Attyah and Ismail, 2012). Similarly, Raskovic et al. demonstrated the 

protective effect of silymarin against DOX induced hepatotoxicity by decreasing DOX-

persuaded oxidative stress (Rašković et al., 2011). 

The histological architecture is direct method for evaluating the scavenging 

potential of the test samples, moreover to correlate the findings of serum and tissue 

enzyme assays with morphological alterations. Remarkable difference in liver function 

tests (LFTs) strongly represents the histological verification of fibrosis in liver. Fibrosis 

not only disturbs the normal structural pattern but also interrupts the flow of blood to 

prevent the delivery of nutrients to liver tissues (Chávez et al., 2008). Liver histology of 

CP and DOX administered groups showed marked histopathological alterations in 

lymphocyte and kupffer cells, dissolution of hepatic cords, which give the impression of 

empty vacuoles aligned by strands of necrotic hepatocytes, nuclear disintegration, 

vacuolar degeneration, apoptotic cell death, fibrosis and collagen deposition in some 

parts. The liver tissue samples of plant treated groups exhibited diminished necrosis, 
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slight inflammatory cells without damage to cell membrane, decrease fatty degenerations, 

cytoplasmic vacuolization, and diminished lobular necrosis around the central vein 

exhibit degree of assurance provided by AHE treatment. AHE provide significant 

protection when administered before CP injection, although AHE treatment after CP 

injection was also capable of prevents the CP-induced intoxication. Similarly AHE co-

treatment reverse the DOX persuaded histoarchitectural alteration in a dose dependent 

mode. 

The effect of AHE pre-treatment and AHE co-treatment at 400 mg/kg b.w. dose 

was comparable to silymarin treatment groups in respective experiments, revealing its 

potential equivalence to silymarin for providing protection against CP and DOX induced 

hepatic damages respectively. Hence similar to silymarin, the mechanism of hepato-

protection by AHE might be owing to the antioxidant and free radical quenching 

potential of A. hydaspica (Mansour et al., 2006). 

5.4.4 Nephrotoxicity studies 

Kidneys are vital human organ. The rudimentary purposes of kidneys are 

glomerular filtration, tubular reabsorption and tubular exudation by means of maintaining 

persistent volume and composition of the extracellular fluid (ECF). The most deleterious 

consequence of CP and DOX treatment is nephrotoxicity mainly by selective damaging 

of proximal tubule cells via mechanisms that continue to be the focus. Severe renal 

tubular impairments as a result of chemotherapy leads to acute renal failure. 

Inflammation enhances production of ROS, oxidative stress, apoptosis and decrease in 

antioxidant enzymes in the kidney might be the underlying causes of CP and DOX 

induces renal injury (Abdelmeguid et al., 2010; Carvalho et al., 2009). Drug-induced 

amelioration on kidney function and tubular lesions can be easily evaluated by using rat 

model as their intra‐renal enzyme dissemination is analogous to that in human (Saad et 

al., 2009). The current study was proposed to discern the prospective of AHE to prevent 

the chemotherapeutic drugs induced renal toxicity, which might enhance the antitumor 

efficacy of CP and DOX.  

Urine analyses possibly give data in regards to the status of kidney functional 

capacity and acid base balance. The elevated level of urine creatinine, urea, protein, and 
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albumin, and decrease creatinine clearance are general indicators of kidney injury 

impelled by drugs treatment. Specifically abnormal proteinurea and hematuria in CP and 

DOX treated groups indicates nephrotoxicity. Urine specific gravity associated with urine 

osmolality and provides critical details of hydration status. Both CP and DOX altered 

urine specific gravity and PH. Treatment with AHE both before and after CP injection 

ameliorates CP induced alterations, however more pronounced improvement in above 

mentioned parameters is obvious in case of pretreatment. In case of DOX induced 

alterations in urine parameters AHE showed dose dependent ameliorative effect. 

Results showed that innoculation of CP and DOX to rats caused a lessening in 

glomerular filtration rate, which is linked with increased serum creatinine, BUN, urea, 

and uric acid. These findings are in correspondence with earlier outcomes in different 

studies revealing that boost in the serum levels of renal damage biomarkers might be due 

to the compromised renal architecture, tubular blockade, and/or the back-leakage of the 

kidney tubules (El-Sheikh et al., 2012). Such functional instabilities in CP and DOX 

exposed rats point toward the ability of these drugs to prevent protein synthesis in the 

tubular cells or to recruit lipid peroxidation and grounds free radical formation in renal 

tissue (Nazıroǧlu et al., 2004; Ateşşahín et al., 2007; Naqshbandi et al., 2012). On the 

other hand, treatment of AHE before or after CP administration and Co-treatment with 

DOX significantly improved the kidney function biomarkers in serum. Moreover CP and 

DOX administration decrease kidney tissue protein content and AHE treatments result in 

significant restoration of kidney tissue protein content. 

The decline of SOD, CAT, POD, QR, GPx, γ-GT, GST, and GR activities along 

with decrement of GSH content was unveiled after CP and DOX injection, resulting in 

the reduced ability of the kidney to scavenge toxic H2O2, and lipid peroxides. These 

findings were also noticed by other researchers (El-Sheikh et al., 2012). In present 

investigation AHE was able to significantly restore above mentioned antioxidant enzyme 

activities in kidney tissues. Reno-protective actions of AHE against CP and DOX 

induced nephrotoxicity may be due to its unique composition, as AHE fraction of A. 

hydaspica is rich in flavonoids (polyphenolics, tannins, and so forth), and flavonoids 

have been reported to possess both antioxidant and anti-inflammatory activities via 
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quenching free radicals and impeding lipid peroxidation (Nijveldt et al., 2001). Similarly 

green tea intake revealed marked reduction in the cisplatin-induced oxidative stress via 

increases in the activities of renal SOD and catalase (Khan et al., 2009). Similarly 

Tatlidede and his colleagues demonstrates the protective effect of resveratrol (flavonoid) 

against DOX prompted cardiotoxicity by lessening oxidative injury (Tatlidede et al., 

2009). Among a lot of inducers of oxidative stress, renal MDA and NO were testified to 

be increased subsequent to CP and DOX innoculation. Outcomes of present research also 

indicate that there were significant upsurge in MDA, NO and H2O2 quantity in the renal 

tissue of rats that received CP and DOX alone in contrast to the control group. These 

results were in covenant with preceding studies, which demonstrated an increase in lipid 

peroxidation and subsidence of antioxidant defense system in kidney subsequent to CP 

and DOX treatment (Abdel Moneim et al., 2014; El-Sheikh et al., 2012). Results reveals 

that AHE could restore renal injury induced by CP and DOX treatments and confirmed 

the important role of AHE antioxidant property against drug-induced nephrotoxicity, in 

particular, via enhancing the antioxidant defense system. Consistently Abdel Moneim et 

al. reported that A. indica  may possibly inhibit lipid peroxidation via quenching free 

radicals and augmenting intracellular concentration of glutathione owing to the presence 

of flavonoids (Abdel Moneim et al., 2014). The observed protection against CP induced 

nephrotoxicity was more pronounced when AHE was present before CP-intoxication 

compared to AHE post treatment group. AHE co-treatment work more efficiently at 400 

mg/kg b.w dose compared to 200 mg/kg b.w dose to ameliorate the toxic outcomes of 

DOX. Induction of nephrotoxicity induced by both chemotherapeutic drugs is anticipated 

to be a quick outcome encompassing reaction proteins in the renal tubules. Hence it is 

crucial that the nephroprotective mediator must be present in renal tissue prior to 

impairment or given at the same time with the chemotherapeutic drug to prevent its side 

effects. This might clarify why complete protection did not achieve with AHE post 

treatment. These outcomes are in covenant with the earlier investigation of Azu et al. 

describing the potential of Kigelia Africana fruit extract (KAFE) against CP persuaded 

nephrotoxicity (Azu et al., 2010). The examination of renal histoarchitecture is necessary 

to corroborate the biochemical findings of experimental groups. Glomerular capillary 
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tufts size contraction, Bowman’s capsule dilation, deterioration, necrosis and detachment 

of the epithelial cell lining of proximal tubules, flaking of the apical microvilli and 

accretion of consistent exudates inside the distended tubular lumina of both distal and 

proximal convoluted tubules were witnessed at the corticomedullary area in the kidney 

sections of CP and DOX innoculated rats. Some of the tubules were entirely collapsed 

and cellular intricacies were totally vanished. Analogous histopathological findings were 

demonstrated previously in kidney of rats treated with altered doses of CP and DOX 

(Nasr and Saleh, 2014; Abdelmeguid et al., 2010; Ayla et al., 2011; El-Sheikh et al., 

2012). It was assumed that histopathological changes may be linked with the absorption 

power of renal tubules that initiate functional congestion of nephrons with consequent 

kidney malfunction (Khan et al., 2012a). AHE treatment significantly ameliorates the 

damaging effects of CP and DOX on renal morphology. AHE pre-treatment induces 

similar extent of the protection to silymarin pre-treatment and previous research approve 

that silymarin possess exhalent reno-protective effect against CP and DOX induced renal 

alterations and regarded as a potentially pragmatic candidate in combined chemotherapy 

regimes by functioning as a potent quencher of radical species in the kidney thus 

precluding the toxic influence of CP and DOX at both the histological and biochemical 

levels.  

These findings ratified that biochemical and histological variations induced by CP 

and DOX treatment may possibly ameliorated by AHE due to the occurrence of active 

antioxidant polyphenolic metabolites (mainly 7-O-galloyl catechin, catechin and methyl 

gallate). These compounds might boosted cellular antioxidant enzymes, augmented cells 

GSH amount and quenched the radical species (Rahman et al., 2006; Murakami et al., 

2002; Hsieh et al., 2004). Therefore AHE might be a significant candidate providing 

excellent protective effect in combination with chemotherapy due to its antioxidant and 

radical species quenching potential. 

5.4.5 Pulmonary toxicity  

Numerous drugs and chemotherapies employed in the treatment of various 

cancers have been associated with pulmonary toxicity. These drugs damage the 

pulmonary tissue both directly or indirectly through enhancement of inflammatory 
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reactions (Cooper Jr et al., 1986). Enzymes such as cytochrome P-450 oxidase or flavin 

monooxidases generates reactive oxygen species (ROS). Boosted ROS/RNS assembly 

persuades frequent DNA damages, impedement of apoptosis and stimulation of proto-

oncogenes by prompting various signal transduction pathways that lead to damage of 

both DNA and protein (Petruska et al., 1992; Belinsky et al., 1998). For that reason, it is 

feasible that enduring inflammation encouraged generation of ROS/RNS in the lung 

could incline the individuals towards lung cancer. 

Nature has developed a well-organized biological system in the lungs that consists 

of competent antioxidant systems against damages caused by reactive species 

(oxidative/nitrosative) (Cooper Jr et al., 1986). These antioxidants are comprised of 

reduced glutathione, α-tocopherol, ceruloplasmin, ascorbic acid, taurine, albumin and 

proteins. Moreover, consumption of vegetables and fruits is also related to decreased risk 

of pulmonary carcinoma. 

CP administration has been associated with chronic obstructive pulmonary 

ailment and pulmonary dysfunction in humans, resulting as a consequence of the 

disparity in oxidative stress, antioxidant status, and lipid profile (Ismail et al., 2015). 

Similarly disruption in oxidant-antioxidant system outcomes in tissue damage with 

marked lipid peroxidation and protein oxidation in the tissue are the principal reasons in 

DOX induced pulmonary injury (Eisenbeis et al., 2001). 

Our investigation revealed that administration of CP and DOX resulted in 

significant changes in the lung tissue antioxidant status, possibly due to the increased 

lipid peroxidation and ROS generation, which consequently induce oxidative trauma. The 

results have established that a single dose of CP induced pulmonary injuriousness in rats. 

In the lung tissue of the CP and DOX administered rats, oxidative stress markers (MDA, 

NO and H2O2) levels were significantly elevated while antioxidant enzymes (SOD, CAT, 

POD, QR, GPx, γ GT GR, GST and GSH) levels were markedly declined. The low GSH-

Px activity could be directly explicated by the diminished GSH quantity, for the reason 

that GSH is a substrate and cofactor of GSH-Px enzyme. As a result low GSH content 

implies low GSH-Px activity that may possibly create an amplified oxidative stress 
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tendency. These observations supported the assumption that radicals play a major role in 

CP and DOX induced pulmonary toxicity(Injac et al., 2009b).  

However, enhanced capabilities of SOD, CAT, POD, QR, GPx, GR, γ GT, GST 

and GSH level of lung tissues and significant decrease in lipid peroxidation, NO and 

H2O2 content with AHE treatment may depict shielding ability of AHE to eradicate 

reactive free radicals generated by CP and DOX induced toxicity. Similar to the effect of 

AHE on other organs pretreatment and high dose treatment (in DOX experiment) seems 

to be more effective as compared to its administration after injury, and results of 

pretreatment and high dose treatment were comparable to respective silymarin treated 

groups. Our results were in line with the study of Injac and coworkers, describing the 

protective influence of fullerenol C60(OH)24 against DOX prompted pulmonary toxicity 

by diminishing oxidative stress markers and increasing the antioxidant enzyme status 

(Injac et al., 2009b).  

The disturbed histological structure of pulmonary tissues may be liable to make 

clear the potential of oxidative stress induced by CP and DOX to intoxicate the 

pulmonary tissues. Tested ethyl acetate fraction (AHE) of A. hydaspica suppressed CP 

and DOX intoxication in pulmonary tissues as exposed by a clear decrease in interstitial 

infiltration and collagen content. Harmful effects of CP and DOX intoxicated rats showed 

that lung tissues are more prone to in vivo infection and inflammation. Therefore, 

suppression of lung inflammations may be significant for protection against CP and DOX 

induced toxicity to lung tissues. Pulmonary inflammatory reactions and edema are 

confidently associated with working of lung, includes pulmonary tract stress and 

oxygenation index (Chu et al., 2010). Suppression of reactive species generation inhibited 

inflammation of lungs and damage in different models. Effects of CP and DOX are 

analogous to that of bleomycin intoxication indicating serious collapsed alveoli, epithelial 

damage, considerably thick inter alveolar septa with those of fibroblasts, collagen 

deposition and inflammatory cells infiltration (Mall et al., 1991). Groups administered 

with both drugs and AHE demonstrated considerable reduction in number of alveolar 

macrophages to decrease of epithelial damage and inflammatory cellular infiltration. 

Phytochemicals in AHE comprising of flavan-3-ols (7-O-galloyl catechin, catechin) and 
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methyl gallate were potentially responsible for observed protection against oxidative 

damage. Bors et al. also revealed that flavan-3-ols and flavonols are predominant 

antioxidants due to the existence of a 3-OH connected with the catechol (3', 4'-

dihydroxyl) unit (Bors et al., 1996). Recently, Lim and his colleagues evaluated the 

pharmacological impact of a Morus alba total extract (flavonoid rich) on inflammation of 

airways and observed a noteworthy decline in the overall amount of inflammatory cells 

and production of inflammatory mediators viz. TNF-α, IL-6 and NO by lung 

macrophages (Lim et al., 2013).  

Histopathological examination supports the biochemical findings as illustrated by 

noteworthy lessening in pulmonary damage when AHE was used as a pre-treatment agent 

before CP administration. It is probable that deleterious side effects of CP may be 

restricted by the administration of AHE as a pretreatment agent with CP as a 

chemotherapeutic agent for malignancies. AHE improved the DOX induced pulmonary 

toxicity in a dose dependent fashion. However, before making a definite statement about 

the possible suitability of AHE as an assistant to CP and DOX medications; additional 

studies are prerequisite to be undertaken in order to explicate the mechanism at the 

molecular level as well as needed clinical human trials. 

5.4.6 Cardiotoxicity studies 

Clinical implication of cisplatin is restricted owing to augmented oxidative stress 

and apoptosis that have been involved in cardiac injury. Chronic DOX treatment results 

in the impairment of oxidant-antioxidant balance initiates peroxidation of membrane 

bound polyunsaturated fatty acids and proteins, leads to alterations in the permeability of 

myocytes and intracellular calcium overload initiating permanent injuries to the tissues, 

its use is hampered due to its major toxicity effects on cardiomyocytes (Fadillioglu et al., 

2004). It’s evident from previous studies that antioxidants are effective in cisplatin and 

DOX mediated toxicity (El-Awady et al., 2011; Dudka et al., 2012).  

Therefore the current study was conducted to evaluate the protective potential of 

AHE against CP and DOX induced myocardial insult. A method for evaluating cardiac 

insult, tissue ischemia and myocardial infarction employs estimation of recognized 

cardiac marker enzymes like creatine kinase (CK), cardiac creatine kinase MB fraction 
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AST, (CK-MB), ALT, ALP, LDH and cholesterol present in the serum (Chrostek and 

Szmitkowski, 1988; Khan et al., 2011). All of the exemplified parameters are not 

circumscribed to cardiac functions apart from CK and CKMB, their enhanced amount in 

serum may possibly a depiction of non-cardiac tissue damages as well, for instance liver 

injury. CKMB is a myocardial enzyme verifies the level of myocytes insult because of 

which WHO acknowledged it as a gold standard signal of myocardial impairment 

(Adams et al., 1994). The cardiac injury could be a tributary event following irreversible 

alterations of  cardiac cell membrane structure and function as a result of increased lipid 

peroxidation, which causes leakage of cardiac enzymes (El-Awady et al., 2011).This 

leads to the loss of potential of these enzymes in cardiac tissues because the potential 

enzymes penetrate into the plasma further enhancing their concentration in the serum as a 

marker of myocytes damage (Kurian et al., 2005; Rajadurai and Prince, 2007). CP and 

DOX induced toxicity was liable for excessive elevation of CK, CKMB and LDH 

concentration in the serum as compared to control. Theseoutcomes are in covenant with 

the previous finding that CP-induced free radical production causes cardiac myocytes 

degeneration and membrane peroxidation, which increased the CK and CKMB content of 

serum (El-Awady et al., 2011). Our outcomes were also consistent with the observations 

of EL-Sayed and colleagues demonstrating that in DOX treated groups CKMB, CK and 

LDH; the most sensitive biomarkers of myocardial cell injury were extremely elevated, 

indicating rigorously impaired cardiac tissue by DOX (El-Sayed et al., 2011). The 

mechanism involves in the release of these marker enzymes seems to be oxidative 

damage to heart tissue and consequent release of its insides substances into the 

circulation. Enhanced production of free radicals, especially superoxide anion radicals 

could add to the inflammatory cascade in the cell wall and might result in atrial 

endothelial dysfunction. Beside these ventricular alterations, continuing myocyte 

degeneration and abridged coronary reserve might be the causes of enzyme leakage 

(Potluri et al., 2004). Normalization of the serum content of CK, CK-MB and LDH in 

experimental groups treated with AHE shows enhanced cardiac function in both CP and 

DOX intoxicated groups hence confirms the cardio-protective effect of A. hydaspica. Our 

outcomes are similar with previous findings (El-Sayed et al., 2011). These serological 
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findings have an outstanding relationship with histological investigation of cardiac tissue 

of rat. 

Antioxidant enzymes, i.e. SOD, POD, CAT, QR, GSH, GPx, γ GT, GST provides 

defense against oxidative stress mediated tissue injury. GSH in cellular defense system 

has the conjugating aptitude with free radicals and metabolites, consequently alleviating 

the membranes from the damaging influences of lipid peroxides. Previous study 

demonstrated that cellular GSH decrease is directly linked with lipid peroxidation caused 

by lethal agents (Kyle et al., 1989). The rise in MDA level (lipid peroxidation product) 

could be ascribed to CP and DOX persuaded production of oxygen free radicals that 

arouse widespread tissue mutilations, countering with membrane proteins, lipids and 

nucleic acids (Nicolson and Conklin, 2008; Satoh et al., 2003). The deterioration in GSH 

level in CP and DOX-treated rats ensued lipid peroxidation augmentation thus 

confirming cardiotoxicity (Karthikeyan et al., 2007). In addition, as soon as cisplatin 

tagged into a highly reactive form in a cell, it quickly counters with thiol-comprising 

molecules; glutathione. Cisplatin induced exhaustion of glutathione and allied 

antioxidants hence alters the cellular redox status and leads to the accumulation of 

endogenous ROS within the cells (Arany and Safirstein, 2003).  

The outcomes of the current study are in harmony with earlier findings, 

illustrating that myocardial antioxidant protection system was functioning at a lower rate 

apart from the higher level of oxidative stress in CP  and DOX intoxicated cardiotoxicity 

(El-Awady et al., 2011; Zarei et al., 2013). In the current investigation, the noticeable 

decrease in cardiac tissue antioxidant enzyme levels and increase in oxidative stress 

markers (MDA, NO and H2O2) besides decreased in cardiac tissue protein content are 

confirmations of the oxidative stress caused by CP and DOX treatment.  

In the current investigation, the protective effect of AHE against CP induced 

cardiac insults were evaluated by both pre and post treatment regimens while continuous 

administration of AHE was done with chronic administration of DOX for 6 weeks (one 

dose/week). Silymarin was used as reference drug obtained from plant source. It was 

observed that AHE pretreatment and high dose AHE co-treatment was able to antagonize 

the CP and DOX induced diminution of antioxidant enzymes respectively, and return the 



Chapter 5                                                                                                             Discussion 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            320 

 

levels near normal, and its efficacy was comparable to silymarin treated group. 

Analogous to current outcomes, previous research reported that silymarin treatment 

before ischemic-reperfusion-prompted myocardial infarction maintained the cardiac 

marker enzymes compared with isoproterenol-administered rats (Rao and Viswanath, 

2007), similar protective effect of silymarin against CP induced cardiotoxicity was also 

reported previously (El-Awady et al., 2011). The obvious increase in tissue antioxidant 

status, decrease in lipid peroxidation and other oxidative stress markers suggest that 

protection afforded by AHE may be mediated through the modulation of cellular 

antioxidant enzyme levels and by averting the generation of free radicals in myocardial 

cells.  

Histopathological evaluation demonstrated myocardial atrophy, nuclear 

condensation of chromosomes and cytoplasmic vacuoles in the CP and DOX intoxicated 

cardiac tissues. Concerning the relative studies of CP with other toxic elements on 

cardiac tissue, same toxic influences were detected by adriamycin (Rajaprabhu et al., 

2007), doxorubicin (Singal and Iliskovic, 1998) and isoproterenol (Upaganlawar et al., 

2011). Administration of AHE either before or after CP intoxication and in DOX 

experiment AHE in a dose depend manner demonstrated considerable prevention in the 

structural changes the observed effect might be due to the antioxidant potential of plant 

extract. Previous studies have also authenticates the beneficial effect of antioxidant in 

doxorubicin or adriamycin induced myocardial damage (Morishima et al., 1998; 

Rašković et al., 2011). Similarly Wang et al. illustrated that resveratrol exert protective 

effect against CP induced cardiotoxicity by alleviating the oxidative damage through its 

antioxidant potential (Wang et al., 2009). Similarly Singh and his coworkers  reported the 

cardio-protective effect of butanol fraction of Terminalia arjuna  bark against DOX 

induced morphological alteration by alleviating morphological changes and decreasing 

oxidative stress (Singh et al., 2008). 

In the present study the major effects of CP and DOX were the noticeable fatty 

obstruction in the blood vessel and clearance of cytoplasm with foamy appearance while 

nuclear deterioration were also seen in some areas.  All these morphological 

deteriorations caused by CP and DOX were considerably reverted by AHE pre-treatment 
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and AHE co-treatments respectively. The observed protective effect may be accredited to 

the distinct or synergistic effect of bioactive phytochemicals present in the AHE fraction. 

Analogous findings were demonstrated by the previous study illustrating that silymarin 

suppressed the adriamycin induced cardiotoxicity in male albino rats (El-Shitany et al., 

2008). 

5.4.7 Testicular toxicity 

Most of the chemotherapy drugs for treatment of various cancers lead to 

disturbance in spermatogenesis process and subsequently fallouts in men infertility. 

These drugs are non-selective in their efficacy and kill not only rapidly dividing cancer 

cells; but also have effect normal ones which have high division rate such as 

spermatogenesis (Nejad et al., 2008). 

CP is used as an effective chemotherapy for testicular, ovarian and urinary 

bladder tumors. In the present investigation reproductive toxicity of CP was reviewed and 

also protective effect of AHE as an antioxidant was examined using; biochemical, 

hormonal and histological parameters. Our speculations that CP induced testicular 

impairment supports the previous findings that CP treatment causes biochemical and 

testicular tissue alterations such as in germinal epithelium and long term failure of 

spermatogenesis due to its allcylation property (Seaman et al., 2003; Sawhney et al., 

2005; Aminsharifi et al., 2010). The earlier work of Turk et al. also demonstrate that CP 

decreased testicular weight, epididium and seminal vesicle in treated rats (Türk et al., 

2007). However, different mechanisms have been anticipated on the damaging aspect of 

drug. A strategy to decrease the prevalence of severe lateral-influences of anticancer 

drugs with conservation of its chemotherapeutic usefulness is indispensable. 

Serum gonadotropin releasing hormone (GnRH) including LH and FSH levels aid 

in making conclusion regarding reproductive pathologies. The fall in serum testosterone 

concentration describes either direct effect of chemical at Leydig cell level or an indirect 

action via alteration in hormonal regulation at hypothalamic-pituitary axis due to 

oxidative distress in drug treated animals (Latif et al., 2008). The exudation of 

testosterone from Leydig cells is stimulated by LH, which triggers FSH to bind with 

sertoli cells to encourage spermatogenesis (CONN, 1986).  
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The outcomes of current investigation with reference to testicular function marker 

enzymes in serum, reveals that CP and DOX exhibited noteworthy suppression of free 

testosterone, LH and FSH concentrations. The suppression of testosterone by CP has 

been reported previously by Mianes et al. however, the effect of CP on LH and FSH is in 

apparent contradiction as they reported that CP (7.5 mg/kg, iv) administration did not 

alter serum LH or FSH while it decrease serum and testicular testosterone (MAINES et 

al., 1990). Similar report of inhibitory potential of CP on testosterone synthesis were 

reported by other investigators as well (García et al., 2012; Ilbey et al., 2009). Treatment 

with AHE results in potential intensification of lowered level of free testosterone as 

compared to CP and DOX alone treated group. Previous data describes that the 

antineoplastic agents can disrupt Leydig cells directly (Brilhante et al., 2011). Thus, in 

current investigation the decrease in serum testosterone is thought to be consequent of 

direct toxic effect of CP and DOX on the Leydig cells. Steroidogenesis in the male rats is 

triggered by hypothalamic gonadotropin releasing hormone (GnRH) eliciting the 

production and release of LH, the LH then binds to LH receptors on the membrane of 

Leydig cells to upregulate testosterone production (Hozayen, 2012). The reduction in 

serum LH level observed in current study possibly is the outcome of impairment in the 

negative feedback mechanism of hypothalamic-pituitary axis (Chapman et al., 1979). 

Treatments with AHE significantly prohibit the side effect of CP and DOX on serum LH 

and FSH levels. In case of DOX experiment a dose dependent effect of AHE was noticed 

and in CP experiment only high dose is selected and pre-treatment showed more 

pronounced amelioration as compared to post-treatment. AHE pre-treatment more 

significantly maintained serum hormone levels compared to post treatment indicating the 

preventive potential of AHE. The hormone levels in AHE pretreatment group and high 

dose co-treatment groups are comparable to silymarin treated group. These findings are 

in accordance with the outcomes of Hozayen et al. who reported significant suppression 

of serum LH, and free testosterone following drug administration in rats and also they 

showed that cetrorelix has effectiveness to exclude side effects of chemotherapeutic drug 

on reproductive hormones (Hozayen, 2012). Furthermore reduction in the weight of 
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testes in drug treatment in CP and DOX treated rats reflect the reduced availability of 

androgens (Patil and Balaraman, 2009).  

Oxidative stress, a situation of disproportion between free radicals and antioxidant 

defense system, is an imperative cause in the pathogenesis of various ailments (Acar et 

al., 2012). The level of antioxidant enzymes, including SOD, POD, CAT, QR as well as 

GSH, GPx, GR, GST and gamma GT were assessed to determine the potential protective 

influence of AHE against CP and DOX induced oxidative stress mediated gonadotoxicity 

in mature male rats. Furthermore MDA as a marker of lipid peroxidation and H2O2 and 

NO levels as a marker of oxidative and nitrosative stress were estimated in testicular 

tissue. Previous studies authenticated the prominence of oxidative stress in the 

pathogenesis of  CP and DOX mediated gonadotoxicity (Rezvanfar et al., 2013; Patil and 

Balaraman, 2009). The unnecessary concentration of ROS in the cisplatin treated rats 

makes spermatozoa extremely liable to impairment due to the high content of 

polyunsaturated fatty acids inside their plasma membrane (Khaki et al., 2009). Moreover, 

Sharma and Agarwal reported that enhanced lipid peroxidation in CP treated rats, 

destroys the structure of spermatozoa accompanied by loss of its motility and impairment 

of spermatogenesis (Sharma and Agarwal, 1996). The pre-treatment as well as post 

treatment of CP administered rats with AHE produced a potential increase in depleted 

antioxidant enzyme levels in the welfare of oxidative trauma in vivo. In DOX induce 

oxidative damage; AHE co-treatment significantly ameliorates the toxic effects of DOX 

on testicular antioxidant enzyme status in a dose dependent manner. The antioxidant 

enzymes levels markedly increase in pre-treated groups in comparison with post treated 

and CP alone treated group. AHE treatment significantly ameliorates the deleteriously 

increase level of oxidative stress markers i.e. MDA, H2O2 and NO and pre-treatment in 

case of CP and high dose treatment in incase of DOX experiment seems to restore the 

levels near normal.  

The deleterious outcomes of DOX outcomes mainly from its predisposition to 

produce free radicals and deteriorate antioxidant enzymes functions in different tissues 

(Yeh et al., 2009). The present findings and former comparable studies established that 

DOX treatment elicited lipid peroxidation; a downstream chain reaction initiated by free 
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radicals as exposed by the increased level of lipoperoxidation product, MDA (Badkoobeh 

et al., 2013). Our findings are in line with the study of (Hozayen, 2012), demonstrating 

the protective effect of rutin and hesperidin on doxorubicin persuaded testicular 

injuriousness in male rats. 

The testicular protein level showed a significant decrease in CP and DOX treated 

groups compared to control. This decrease in protein content observed in the current 

study is reinforced by the preceding findings indicating the cytotoxic effect of the 

doxorubicin (Patil and Balaraman, 2009). Similarly, Friedrich et al. point out that 

anthracyclines acted by the suppression of protein synthesis. The testis comprise 

numerous types of proteins, including specialized contractile protein, acidic proteins and 

basic proteins, when spermatogenesis is abnormal some of the protein become 

demolished (Sridevi, 2011). The highly significant decrease in protein content in CP and 

DOX treated groups may be due to defective spermatogenesis. AHE pretreatment seems 

to be more effective in protecting the deleterious effects of CP and the results were 

comparable with silymarin group. Treatment with AHE significantly ameliorates 

testicular tissue protein content in a concentration dependent way as compared to DOX 

alone administered group and the efficacy of AHE 400mg/kg b.w. co-treated group was 

equivalent to silymarin co-treatment group. 

Testicular histomorpholgy of CP and DOX treated groups reveals severe 

spermatogenesis impairment, increase in germ cell death and testicular atrophy causing 

degenerative vicissitudes in germinal epithelium and vacuolated spermatognial cells. 

Depletion of Leydig cells and degeneration of Sertoli cells is also noticed in the CP and 

DOX treated groups. These histopathological observations are in line with the  previous 

study describing the reproductive toxicity CP in rat and stated that the observed testicular 

toxicity is through the stimulation of oxidative stress and apoptosis (Amin et al., 2012)  

The structural alterations observed in the current experiments may be corroborate with 

reductions in serum testosterone levels in respective groups. Giri and his colleagues 

indicated that treatment of CP reinforces ROS production inside cell and hence sperms 

are in exposure to oxidative damage and Vitamin C ameliorates this damaging effect of 

CP (Giri et al., 1998). Previous studies also reported that chemotherapy consequently 
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decrease the number of Sertoli cells (Boujrad et al., 1995; Ghosh et al., 1992) similarly 

Brilhante et al. stated that  DOX administration results in testicular atrophy, sperm 

morphological abnormalities and disturbance in spermatogenesis (Brilhante et al., 2011). 

Also, it was stated that the compromised sperm quality together with morphological 

changes was caused by inhibition of spermatogenesis induced by doxorubicin 

(Badkoobeh et al., 2013). Moreover Diemer et al. revealed that H2O2 is a potent oxidant 

that could inhibit steroidogenesis in Leydig cells (Howell and Shalet, 2001). In the 

present work, low serum levels of testosterone, LH and FSH and increase in H2O2 and 

other oxidative markers in the testicular tissue corroborate with the observations of 

structural alterations and inhibition of the spermatogenesis in CP and DOX injected 

groups. Overall, it was observed that considerable germ cell damage instigated by 

anticancer drugs is proceeded by a sharp degenerations in testicular histological 

parameters (França and Godinho, 2003). Treatments with AHE significantly protect the 

testicular morphology, pre-treatment and high dose co-treatment outcomes in the marked 

prevention of CP and DOX induced toxicity respectively. The mechanism of AHE to 

protect testicular damage is through its antioxidant and free radical scavenging potential. 

Phytochemicals mainly flavonoids might be responsible for significant protection. 

In conclusion, the current investigation ratifies that reproductive toxicity induced 

by CP and DOX is related to increased oxidative stress. Treatment with AHE at the dose 

selected in this study amiliorates reproductive deteriorations. It gives the idea that AHE is 

a potential antioxidant might be utilized in conjuction with or before chemotherapeutic 

drugs (toxic to the male organs) administration. 

 Bioassay guided isolation of lead compounds from A. hydaspica 5.5

A. hydaspica ethyl acetate (AHE) and n-butanol (AHB) fractions were selected 

for activity guided fractionation and isolation of bioactive metabolite. Antioxidant, 

antimicrobial and cytotoxic screening were performed to isolate lead active compounds 

from both fractions. Bioassay guided purification scheme directed to the isolation of three 

pure, active compounds from AHE and one pure, active compound from AHB besides 

active enriched fractions. Structure elucidation of compounds was performed by NMR 

and MS spectroscopic analysis and comparison of spectral characteristics was performed 
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with published data. 
1
H NMR, 

13
C NMR, ESI-MS and comparison with reported 

literature reveals that isolated compounds were known compounds whilst they are being 

identified and reported first time in A. hydaspica. Data indicated purification of one 

simple polyphenol (tannin) methyl-gallate (C4: MG) (Nishioka et al., 1998) and three 

flavan-3-ols (+) 7-O-galloyl catachin (C1: GC) (Tanaka et al., 1983), (+) catechin (C2: 

C) (Nonaka et al., 1983; Shen et al., 1993), and (+) catechin-3-gallate (C3: CG) (Min-

Won et al., 1992) from A. hydaspica. 

During extensive extraction process the activity of isolated compounds, 

sometime will decrease therefor after bioactivity guided isolation of active metabolites 

by initial screening tests, the bioactivity of isolated compounds was further evaluated by 

various antioxidant assays. The anticancer activity of isolated compounds and their 

mechanism of cell death were also evaluated against breast cancer and prostate cancer 

cell lines. 

5.5.1 Antioxidant activity of isolated compounds from A. hydaspica 

DPPH radical quenching potential of 4 polyphenols isolated from A. hydaspica 

has been evaluated at micromole concentration. C and MG had been previously 

examined for DPPH radical quenching potential. In the current testing the EC50 value for 

catechin (C) was recorded to be 6.24 ± 0.254µM which was analogous to that reported in 

Feng-Lin Hsu et al. study  (EC50 value 6.38) (Hsu et al., 2012; Yokozawa et al., 1998). 

The EC50 value acquired for methyl gallate (MG) was 2.92 μM and this data indicate a 

slightly lower EC50 value compared to that stated in Pfundstein’s research (EC50 value 

4.28 μM) (Pfundstein et al., 2010). From current findings, it’s plausible to make a 

number of associations with reference to the relationship among the structure of isolated 

constituents and their DPPH extinguishing potential. Methyl gallate (C 4) which is the 

methyl ester of gallic acid seemed to improve the bioactivity of gallic acid (reference 

compound). It was observed that the antioxidant activity of flavan-3-ols isolated from A. 

hydaspica declined in the subsequent order: GC ~ CG ~ MG > C (i.e., 7-O-gallate, 5'-

OH > 3-OH, 5'-OH) which is also in good agreement with previously reported data (Hsu 

et al., 2012). It’s plausible that as concerns the antioxidant activity, a galloyl group is 

mendatory for the bioactivity and supplement of the hydroxyl group at the 7' position in 
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the B ring of compound also complements the scavenging potential. Matching the DPPH 

scavenging efficacy of flavan-ols (GC, CG and C)  proven that added phenol groups are 

central to an intensification of antioxidant potency (Hsu et al., 2012). 

ROS are approved as a chief factor instigating countless severe pathological 

diseases, including cancer and neurodegenerative ailments (Zlokovic, 2011). In general 

ROS are formed as oxygen radicals, for instance hydroxyl and superoxide radicals, or 

non-free radicals, for instance hydrogen peroxide and singlet oxygen species. Among all, 

the hydroxyl radical is the utmost detrimental that encourages serious harms to the 

proximate biological constituents (Ak and Gülçin, 2008).  A. hydaspica compounds 

(AHCs) showed excellent hydroxyl radical scavenging activities better then reference 

compound gallic acid.  The currents findings corroborate with the previous reports 

illustrating the hydroxyl radical quenchiung capability of C and MG (Hsu et al., 2012). 

From current findings, it was potential to conceive different correlations about the 

interaction among the configurations of sequestered compounds and their hydroxyl 

radical quenching potency. MG seemed to augment the bioactivity of gallic acid 

(Reference compound). It was experiential that the antioxidant actions of flavan-3-ols 

lessened in the subsequent order: GC~CG > C (i.e., 3-OH, 5'-OH < 7-O-gallate, 5'-OH). 

This recommends that a galloyl group and O-dihydroxy (i.e., catechol) is indispensable 

for the antioxidant efficacy. The AHCs showed greater scavenging potency against 

hydroxyl radical in contrast to rutin and ascorbic acid. Comparison of hydroxyl radical 

quenching efficacy of isolated compounds revealed that the bioactivity appeared in the 

following order: GC~CG~MG, GC~CG > C and C~MG. The results suggest that 

carbonyl, O-dihydroxy and galloyl group improved the hydroxyl radical quenching 

potency. 

Nitric oxide, a potent oxidizing radical prompted tissue impairment in extensive 

pathological illnesses in human being and investigational models (Valko et al., 2007). 

Consequently, isolated compounds from A. hydaspica were inspected for their aptitude to 

shield against NO-dependent oxidation. So the NO radical quenching potency of 

extracted compounds was inspected by observing the extent of sodium nitroprusside 

oxidation. Results of NO assay reveal that the presence of hydroxyl and carbonyl group 
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in the flavonoid skeleton resulted in high nitric oxide inhibition of AHCs.  From these 

outcomes, it was prospective to comprehend number of links concerning the association 

among the configurations of isolated compounds and their NO radical quenching 

effectiveness. Methly gallate (MG) appeared to have enhanced the bioactivity then Gallic 

acid. It gives the impression that a galloyl group was shown to be indispensable for the 

reflected the antioxidant efficacy. It was found that the antioxidant activities of flavan-3-

ols decreased in the succeeding order: GC~CG > C (i.e., 7-O-gallate, 5'-OH > 3-OH, 5'-

OH). It is well acknowledged that nitric oxide has a central role in innumerable 

inflammatory processes. Unremitting production levels of these radicals are straightly 

noxious to tissues and amenable for the vascular collapse accompanying with septic 

shock. In addition, prolonged manifestation of nitric oxide radical remains supplemented 

with a number of carcinomas and inflammatory illnesses comprising juvenile diabetes, 

arthritis, ulcerative colitis and multiple sclerosis. (Kanwar et al., 2009). The present study 

showed that GC, C and MG isolated from A. hydaspica have good nitric oxide 

scavenging activity, then rutin and gallic acid. 

The Frap methods, which typically accounts the potency of antioxidants to reduce 

TPTZ-Fe (III) complex to TPTZ-Fe (II) was employed to evaluate the total reducing 

influence of isolated compounds (Muselík et al., 2007). When a Fe
3+

-TPTZ complex is 

reduced by electron donating antioxidants under acidic conditions, change of absorbance 

of colorless less Fe+3 to blue shaded Fe+2 form was measured at 593nm (Benzie and 

Strain, 1996). A higher value indicates higher ferric reducing power. Results reveal that 

similar to other assays the presence of hydroxyl and carbonyl group in the flavonoid 

skeleton resulted in high FRAP potential and reducing ability was concerned the number 

of aromatic hydroxyl and galloyl group. It was established that the reducing afficacy of 

extracted compounds revealed in the succeeding order: GC >CG> MG>C (i.e., 7-O-

gallate, 5'-OH > 3-OH, 5'-OH). The present study showed that 7-O-galloyl catechins 

(GC), Catechin-3-gallate (CG), Catechins (C) and Methyl gallate (MG) isolated from A. 

hydaspica have good FRAP reducing potential similar to Gallic acid. 

Phosphomolybedenum test scheme imprints the chemistry of change of Mo (VI) 

to Mo (V) by testing constituents ensuing in the formation of green phosphate/Mo (V) 
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having absorption maxima at 695nm at acidic PH, thus ensuring antioxidant prospective 

of compounds (Shah et al., 2014a). TAC assay was used to assess the capacity total 

antioxidant capacity of isolated compounds compared Gallic acid. Isolated compounds 

showed a good antioxidant index. To the best of our knowledge literature is scarce about 

the total antioxidant activity of 7-O-galloyl catechins (GC) by phosphomolybedate 

method. GC and CG reduces with equal potency Mo (VI) to Mo (V), and form a green 

colored complex of Mo (v) that gives absorbance at 695nm. Antioxidant index of C is 

shown to be comparable with Gallic acid (p > 0.05), Methyl ester in MG might 

responsible for marked (p < 0.01) enhancement in TAC capacity as compared to standard 

gallic acid. From these outcomes, it was also promising to gain number of connections 

regarding the relationship amoung the configurations and antioxidant capability 

(antioxidant index) of isolated compounds. The transfer of electrons or hydrogen depends 

on the structure of compounds. These results reveal that the presence of hydroxyl and 

carbonyl group in the flavonoid skeleton resulted in enhancement of total antioxidant 

capacity and moreover antioxidant index tested polyphenol compounds isolated from A. 

hydaspica allied with the quantity of aromatic hydroxyl groups in the antioxidant test 

(Muselík et al., 2007). It was found that the antioxidant index of isolated compounds 

revealed in the following order: GC~CG >MG> C (i.e., 7-O-gallate, 5'-OH > 3-OH, 5'-

OH). The present study showed that AHCs have a good TAC similar to Gallic acid. 

Although catechin and methyl gallate were evaluated previously for antioxidant 

potential by various methods (Muselík et al., 2007). However, the current effort provides 

additional evidence regarding their potency, since five different antioxidant techniques 

were selected to investigate the antioxidant capacity of these compounds in comparison 

with known standrards i.e. Ascorbic acid, Gallic acid, BHT and Rutin. In A. hydaspica 

ethyl acetate extract 7-O-galloyl catechins appears to be the major antioxidant compound 

both in term of yield and activity. These findings are in good covenant with the previous 

report of Zhao and colleagues, specifying that galloylcatechins contributes to the main 

antioxidant capacity of tea (Zhao et al., 2014). 
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5.5.2 Anticancer studies 

Several studies verified a reduced risk of developing prostate and breast cancer in 

humans consuming diets rich in fruits and vegetables. The cheif plant originated 

constituents implicited to be responsible for protection against cancer are flavonoids and 

dietary fibers (Le Marchand, 2002a; Surh, 2003; Cohen et al., 2000). Flavonoids have 

been validated to exert a multiplicity of therapeutic utilities via inhibiting the cell cycle, 

retreating oxidative trauma, augmenting the efficiency of enzymes detoxification, 

persuading apoptosis and exciting the immune functions. These intrinsic possessions of 

flavonoids sort them as a class of valuable compounds which own health-promoting and 

ailment-preventing nutritional efficacy, together with usefulness in cancer prevention 

(Thiery-Vuillemin et al., 2005; Yang et al., 2001). 

A variety of growth factors and cytokines contributed a significant part in breast 

and prostate cancer advancement by initiating cascades of downstream activities (Landi 

et al., 2014; Uzgare and Isaacs, 2005). PTEN/PI3-K/Akt signaling has been specified to 

be deregulated in enormous cases of prostate cancers (Heinlein and Chang, 2004). The 

apoptotic mediating effect of Ras/Raf/MEK/ERK and Ras/PI3-K/Akt/mTOR pathways 

are mediated the phosphorylation of key apoptotic effector molecules (e.g., Bcl-2, 

Caspase-9 and many others) by ERK or Akt. Akt itself is activated by phosphorylation by 

upstream signaling molecule. Activated Akt besides affecting family members, also 

impede the mitochondrial issuance of cytochrome c , which is a persuasive stimulator of 

the apoptotic cascade of caspases (McCubrey et al., 2008; McCubrey et al., 2011; 

Fletcher and Huang, 2008; Steelman et al., 2008). The targets of ERK1/2 are definitely in 

the hundreds (> 600). Thus any drug or therapeutic intervention prompting suppression of 

MEK and ERK activities will have profound effects on cell growth in cancers 

(Krymskaya and Goncharova, 2009; Vazquez-Martin et al., 2009). JAK-STAT signaling 

is implicated in the instruction of proliferation, cell survival and differentiation. JAK 

tyrosine kinases can be briefly stimulated by growth factors or cytokines in healthy cells, 

while they turn out to be constitutively triggered in tumour cells as a consequence of 

mutations that altered their function in tumors. CK2 is a novel interaction partner of 

JAKs and is necessary for JAK-STAT signaling conduit (Zheng et al., 2011). The nuclear 
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factor kappa B (NF-κB) signaling pathway of cells is responsible for the survival, 

proliferation, and promotes resistance to certain tumorigenic agents and chemotherapy, 

targeting NF-κB activity might result in a promising approach to the development of 

more effective antineoplastic agents  against prostate and breast cancer (Lerebours et al., 

2008). Moreover, proteins intricated in regulation of apoptosis such as members of the 

Bcl-2 and IAP families have identified to be deregulated in various cancers (Heinlein and 

Chang, 2004; Uzgare and Isaacs, 2005). The compounds affecting multiple signal 

transduction pathways could be the promising cancer therapeutics and disease-preventing 

agents. 

 In the presen investivstigation, we have endeavored to study the mechanism of 

action of the flavanols isolated from A. hydaspica on human androgen independent 

prostate cancer (PC-3) and triple negative breast cancer (MDA-MB-231) cell lines. 

Results revealed that the isolated compounds from A. hydaspica (AHC) have the 

prospective efficacy to inhibit cell growth in prostate and breast cancer in vitro. 

According to our knowledge, the mechanism of apoptosis in PC-3 and MDA-MB-231 

cells induced by 7-O-galloyl catechin, catechin and catechin-3-gallate has not previously 

explored. Various signaling pathways altered by these compounds provide insight into 

the molecular targets for effective cancer therapy. Most studies on the cancer preventive 

capabilities of catechins have consumed catechins from green tea, which is comprised of 

a mixture of epigallocatechin gallate, epigallocatechin and epicatechin gallate. However, 

not much is known about the anticancer properties of the monomeric nongallated 

catechin, and also individual activity of galloyl catechins. Therefore, more studies are 

needed on the efficacy of catechins as a breast and prostate cancer preventive. 

Cellular proliferation resulting in tumor formation may occur due to alteration in 

cell cycle regulation (Gupta et al., 2002; Adhami et al., 2003). A major primary reason of 

cancer development is accredited to fast and uncontrolled proliferation leading to 

progression and buildup of tissue mass. Results of Aqueous one assay indicated that 

isolated compounds from A. hydaspica are specific in their activity and efficacy against 

cell cancer cell lines from different origin. Cell growth in both PC-3 and MDA-MB-231 

cells is affected by CG and MG while GC and C showed inhibitory potential only against 
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PC-3 cells. Treatment with active AHC resulted in arrest of cellular proliferation in a 

dose dependent mode, intensification in loss of cell viability was observed with increase 

in the concentration of dose.  

Apoptosis is an autonomous phenomenon to confiscate specific constituents of 

cells while avoiding inflammatory consequence normally accompanying necrosis; thus 

no destructiveness to the surrounding healthy cells will occur meanwhile the cells 

endured  apoptosis. Thus apoptosis is a phenomenon ratifying chemotherapy efficiency, 

consider as an endpoint of anticancer drug therapy (Enari et al., 1998; van Loo et al., 

2002). Stimulation of apoptosis in PC-3 and MDA-MB-231 cells following AHCs 

treatment was evaluated by phase contrast microscopic examination and various 

florescent staining techniques. Phase contrast microscopy indicates that AHCs govern 

inhibition of cell proliferation via inducing apoptosis. Furthermore acridine 

orange/ethidium bromide dual staining, propidium iodide and DAPI staining of PC-3 and 

MDA-MB-231 cells treated with active AHCs confirm the induction of apoptosis. 

 Initiation of apoptosis was governed by modulation of wide array of molecular 

signaling pathways in both breast and prostate cancer cells. CK2 has appeared as a 

crucial protein involved in cell growth, proliferation, and apoptosis. Over expression of 

CK 2 is well reported to play role in prostate and breast cancer resistance to apoptotic or 

anticancer agents (de Thonel et al., 2014; Ahmad et al., 2007; Kren et al., 2015). We 

noticed direct inhibition of CK2 α protein expression in MDA-MB-231 cells by CG and 

MG in a time and concentration dependent manner. Whereas, in PC-3 cells; all four 

active compounds did not show  reduction of CK2 protein expression representing that 

the targeting of CK2 signal seemed to be different in both cell lines and variable 

signaling pathways were modulated by CG and MG in PC-3 and MBA-MB-231 cells. 

CK2 leads to constitutive survival of cancer cells by inducing phosphorylation of NFκB p 

P-S529. Although we observed no effect on CK2 protein expression in PC-3 cells 

following AHCs treatment, however, the CK2 specific phosphorylation site; NFκB p65 

P-S529 is significantly inhibited by GC, C, CG and MG treatment. Activation of NFκB 

requires phosphorylation; results showed that the transcription factor was not activated 

due to inhibition of its phosphorylation by AHCs resulting in inhibition of cancer cell 



Chapter 5                                                                                                             Discussion 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                            333 

 

survival. These findings suggest that inactivation of NFκB via inhibition of its 

phosphorylation at p65 P-Ser529 might be one of the mechanisms by which AHCs 

induce growth arrest in MDA-MB-231 and PC-3 cells. Akt is also the most important 

downstream effector of CK2 and phosphatidylinositol 3 kinase (PI3-K). Once activated 

by phosphorylation,  Akt promotes cell survival through inhibiting pro-apoptotic proteins 

(Zhou et al., 2001). In response to Akt stimulations; IκB kinase (IKK) complex is 

activated to phosphorylate and degrade IκB proteins, leading to NFκB nuclear 

translocation (Ozes et al., 1999; Romashkova and Makarov, 1999), thereby expressing 

pro-survival genes. Likewise ECGC and other green tea polyphenols, catechin isomers 

isolated from A. hydaspica decrease the phosphorylation and activation of NFκB by 

inhibiting phosphorylation and degradation of IκB α P-S32/36 in PC-3 and MDA-MB-

231 cells, resulting in induction of apoptosis (Gu et al., 2013; Stuart et al., 2006; Ramos, 

2008). Aberrant activation of NFκB is linked with initiation or speeding up of 

tumorigenesis and enhances resistance to chemotherapy in cancer cells (Hoffmann and 

Baltimore, 2006). Results indicate that in PC-3 cells GC, C, CG and MG treatment 

decrease the level of phosphorylated form of Akt (Ser 473 and Thr 308); CG and MG 

also significantly decreased Akt total protein expression. Western blots of PC-3 cells 

showed that phosphorylated thus activated level of Akt was much higher in control cells. 

This might be due to the mutation in phosphatase and tensin homologue deleted on 

chromosome 10 (PTEN) genes in PC-3 cells, whose gene product is known to be a 

negative regulator of Akt activation. Akt phosphorylation at serine 473 and threonine 308 

motifs is necessary for Akt transcription. AHCs decreased the expression of 

phosphoralyted Akt (Ser 473 and Thr 308) in PC-3 cells significantly with GC, C, CG 

and MG in a dose dependent manner. On the other hand, in MDA-MB-231 cells, the 

expression of phosphorylated and total Akt protein remains unchanged after treatment; 

this might be due to the active PTEN, as PTEN protein expression being unchanged upon 

treatment with CG and MG in MDA-MB-231 cells. These results suggest that treatment 

with AHCs could be potentially highly significant and specifically target different 

signaling pathways in resistant breast and prostate cancer cell lines.  
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Next we examine the protein expression of several NFκB regulated genes 

comprising; Bcl-2, Bcl-xL, xIAP and survivin, which function predominantly by stalling 

the apoptotic pathway (Sethi et al., 2008). Bcl-2 known as an apoptosis suppressor which 

is upstream effector in the cell death network are highly expressed in a majority of human 

tumors. A heterodimer complex is formed by Bcl-2 and Bax thus neutralizing the 

proapoptotic effects of the latter (Oltersdorf et al., 2005). AHCs considerably subdue cell 

proliferation and sensitize cells to apoptosis induction by decreasing the expression of 

Bcl-2 and Bcl-xL in PC-3 cells, whereas in MDA-MB-231 cells; Bcl-xL expression was 

reduced significantly (p < 0.001) without significant change in Bcl-2 expression. This 

might be due to the highly significant decrease in the phosphorylation of p65 subunit of 

NFκB in PC-3 cells since the level  is positively regulated by NFκB in prostate cancer 

cells and NFκB directly binds to the promoter and activates the transcription of Bcl-2  

(Catz and Johnson, 2001). Results clearly demonstrated a significant inhibition of 

Survivin expression in both PC-3 and MDA-MB-231 cells. Survivin, an inhibitor of 

apoptosis is greatly expressed in most cancers and meticulously associated to multiple-

drug resistance, intensified tumor recurrence, and abridged survival of patients. 

Particularly in breast cancer; Survivin gene is highly expressed in contrast to its 

expression in normal breast tissue. Survivin participates in relapse and advancement of 

breast cancer, and is an important predictive factor for clinical outcome of breast cancer 

(Sela, 2002; Kanwar et al., 2010; Jha et al., 2012). The current finding depicting 

significant inhibition of Survivin expression by AHCs in both cell lines is an important 

observation to utilize these catechin isomers to combat drug resistance and tumor 

reversion. 

Besides activation of NFκB, there is stimulation of various other pro-survival 

pathways during progression of cancer, including MAPK (ERK, JNK) and STAT3, 

which are not inhibited by proteasome inhibitor therapy in tumors or cell lines. Any drug 

affecting multiple pathways might be used as an effective chemotherapeutic (Steelman et 

al., 2011). CK2 is also required for cytokine and growth hormone prompted stimulation 

of the JAK-STAT signaling pathway so we assume that inhibition of CK2 catalytic 

subunit may be responsible for inhibiting JAK-STAT signaling pathway in breast cancer. 
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However, in PC-3 cells, JAK2 protein expression was significantly inhibited with little or 

no change in STAT3 phosphorylation. In PC-3 cells, there was marked Inhibition of 

MAPK i.e ERK ½ phosphorylation, that could be a possible mechanism for AHCs 

mediated cell death and apoptosis in PC-3 cells. 

Further confirmation of growth inhibitory potency of AHCs was affirmed by 

colonogenic survival assay and its was clarly evident from the current outcomes that GC, 

C, CG and MG significantly inhibit the growth potency and clonogenic ability of prostate 

cancer cells, whereas CG and MG are also potent against breast cancer cells in inhibiting 

cell proliferation and clonal survival. Hence, the AHCs affect the reproductive ability of 

cancer cells and restrict their division. 

Collectively, all these outcomes strongly suggest that CG and MG have 

antiproliferative and proapoptic effect in tested breast cancer cells, which act by targeting 

specific tumor promoter-inducing transcription factors and kinases, especially CK2α, 

PI3-K, JAK2, Phospo-STAT3, NFκB p65, NFκB p65 P-Ser 529, Bcl-xL and Survivin. 

Treatment of human prostate cancer cells (PC-3) with GC, C, CG and MG inhibit cell 

proliferation and trigger apoptosis by down-regulation of JAK2, phospho-Akt, phosphor-

ERK1/2, NFκB p65 P-Ser 529 activities and a decreased expression of the anti-apoptotic 

proteins; Bcl-2,  Bcl-xL and Survivin. These compounds may possibly be operative as 

chemo-preventive agents against triple negative breast cancer and hormone resistant 

protate cancer. 

Conclusion 

 Phytoconstituent analysis of methanol extract and different fractions of A. 

hydaspica depicted the occurrence of potent secondary phytochemicals that are known 

for their compelling pharmacological potential. 

 Fractionation with solvents of variable polarity results in separation of 

different compounds based on polarity. Ethyl acetate and n-Butanol solvents seems to 

be best elucidating solvents for flavonoids and phenolic, and expressed high quantity 

in comparison to other fractions 
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 HPLC screening confirmed that AHE and AHB fractions of AHM might 

be promising candidate for obtaining important secondary metabolites i.e. catechin and 

gallic acid,  

 The results obtained by in vitro studies were extraordinary with regard to 

the antioxidant potentials of plant extracts especially; methanol extract (AHM), ethyl 

acetate (AHE) and n-butanol (AHB) fractions due to the phenolic and flavonoid 

contents. It can be concluded that such remarkable properties can be used as efficient 

food/ feed additives for the betterment of human health. 

 Results of various in vitro bioassays were remarkable with regard to anti-

bacterial, anti-fungal, anti-hemolytic and cytotoxic potential of various fractions. 

Tested fractions appeared to be an important source of antimicrobial and antitumor 

agents and might be utilized as a therapeutic source for animal and human diseases. 

AHE fractions seem to be most active in all bioassays. 

 The in vivo pharmacological evaluation indicated that A. hydaspica AHM 

and its derived AHE fraction possesses significant antipyretic activity, anti-

inflammatory prospective in carrageenan and prostaglandin persuaded rat pedal edema 

tests and  analgesic ability; in the hot plate and acetic acid persuaded writhing tests. 

Results demonstrated the observed pharmacological potentials perhaps credited due to 

the occurrence of phytochemicals in A. hydaspica.  

 The in vivo studies depicted that Cisplatin and Doxorubicin play a 

hazardous effect by affecting DNA, lipids, protein, carbohydrates of cellular 

homeostasis at the same time generating several toxicity effects in various organs 

(hepatic, nephro/renal, pulmonary, cardio and testicular toxicity). AHE demonstrated a 

contribution by improving the potentials of antioxidant enzymatic and non-enzymatic 

levels and normalizing the tissue architecture. Serological studies for liver, renal, lung, 

cardiac and testicular function tests and reproductive hormones also proved the 

protective effect of AHE against Cisplatin and Doxorubicin induced oxidative stress. 

 Bioactivity guided isolation of A. hydaspica AHE and AHB fractions led 

to the isolation of three active pure compounds from AHE and one pure active 

compound from AHB beside enriched fractions. Structure elucidation through NMR 
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and MS spectroscopic analysis reveals the identification of compounds as 7-O-galloyl 

catechin, catechin and methyl gallate from AHE and catechin-3-gallate from AHB that 

isolated compounds are not novel. These compounds might be responsible for the 

antioxidant, pharmacological and anticancer potential of A. hydaspica 

 In vitro evaluation of isolated compounds confirms that the biological 

potential of AHE might be credited to the presence of 7-O-galloyl catechin; catechin 

and methyl gallate while catechin-3-gallate might contribute for the observed 

bioactivity of AHB. 

  7-O-galloyl catechin, Catechin, Catechin-3-gallate and methyl-gallate 

were isolated for the first time from A. hydaspica. In vitro evaluation of anticancer 

potential of isolated compounds was examined in human cancer cell lines viz. PC-3 

and MDA-MB-231. These compounds exhibit anticancer effects might be by blocking 

the proliferation of PC-3cells and MDA-MB-231 cells and inducing apoptosis to a via 

modulating multiple signaling pathways.  

 Isolated compounds selectively effect the proliferation in both cell lines 

CG and MG were active in both cells lines, however GC and C are potent against PC-3 

cells.  This was confirmed by aqueous one cell proliferation assay. Microscopic 

examination of PC-3 and MDA-MB-231 cells reveals that AHCs induce apoptosis in 

both cell lines. Apoptotic induction by AHCs was further confirmed by various 

florescent stains. GC, C, CG and MG significantly inhibit the viability and clonogenic 

ability of prostate cancer cells, whereas CG and MG are also potent against breast 

cancer cells. Western blot analysis revealed that induction of apoptosis by AHC’s is 

facilitated by the down regulation of multiple signaling pathways. CG and MG may be 

highly effective as chemo-preventive agents against triple negative breast cancer, 

which act by targeting specific transcription factors and kinases, especially CK2α, PI3-

K, JAK2, Phospo-STAT3, NFκB p65, NFκB p65 P-Ser 529, Bcl-xL and Survivin. In 

prostate cancer cells (PC-3) GC, C, CG and MG induced apoptosis by down-

regulation of JAK2, phospho-Akt, phosphor-ERK1/2, NFκB p65 P-Ser 529 activities 

and a decreased expression of the anti-apoptotic proteins; Bcl-2,  Bcl-xL and Survivin. 
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Hence different signaling pathways are modulated by AHCs in prostate and breast 

cancer. 

 PC-3 cells and MDA-MB-231 cells are resistant, aggressive cancer cell 

lines; hence AHCs may provide prospective complementary therapeutic agents for 

hormone resistant cancers. A substantial number of unique anticancer drugs have been 

extracted from natural products in the past and novel ones are being produced 

recurrently. These specifically acting cytotoxic natural compounds may be able to play 

a noteworthy efficacy in treating particular cancers by operating in concert with 

conventional chemotherapeutic modelities, thereby improving their usefulness and 

reducing the associated side effects. A. hydaspica might be a promising candidate to be 

valuable for the molecular target-based cancer preclusion and adjuvant therapy. 

  Recommendations 

Indeed, examined plant may be considered as a grand natural source to develop 

new therapeutics, very important for chemoprevention and treatment of various diseases. 

Results of present investigation will provide important background information useful in 

designing large scale trials to ascertain the chemo-preventive and chemotherapeutic 

efficacy of A. hydaspica and isolated compounds. Understanding the molecular 

mechanisms of anticancer effect continues the importance of obtaining rigorous research 

evidence and critical scrutiny of plant derived compounds to determine the molecular 

basis, long-term efficacy and safety of these constituents as chemo-preventive agents. 

Large-scale animal and molecular level examinations are obligatory to address the 

bioavailability, molecular target, signal transduction pathways, toxicity and associated 

side effects of these compounds. 
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Appendices 

Compound structures and their hit spectrum obtained with GCMS of A. hydaspica 

methanol extract (AHM) 

Compound Structure  

 

Hit spectrum 

C 1:  

Wiley9, 

Entry# 294719, CAS# 

133087-99-7 

Probability: 24.83 

   
1-[(1’-Hydroxyimino)ethyl]phenanthro[4,5-

b,c,d]thiophene 

 

NL: 9.99E2 

EM-1277 4.55 1 6.00, 5 

4.11E3 + c Full ms 

[50.00-650.00] 

 
C2: 

Wiley9, 

Entry# 157741, CAS#65868-26-0 

Probability: 15.64 

 
Pyrimidine, 2-(4-nitro-3-thienyl)- (CAS) 

 

NL: 9.99E2 

EM-12174 6.53 1 

6.00, 5 5.79E3 + c Full 

ms [50.00-650.00] 
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C3:  

Wiley9, 

Entry# 55946, CAS# NA, 

Probability: 23.29 

 

5,5-Diethyl-1,2,5,8-tetrahydro-1,5-

azasilocine 

NL: 9.99E2 

EM-12194 6.93 1 

6.00, 5 6.89E3 + c Full 

ms [50.00-650.00] 

 
C4:  

Wiley9, Entry# 584463, 

CAS# 540-97-6 

Probability: 94.05 

 

 

2,2,4,4,6,6,8,8,10,10,12,12-

Dodecamethylcyclohexasiloxane 

NL: 9.99E2 

EM-12314 9.38 1 

6.00, 5 1.20E5 + c 

Full ms [50.00-650.00] 
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C5: 

mainlib, Entry# 

134665, CAS# 

826-54-0 

Probability: 23.87 

 
 

Hydratropamide à-methyl 

 

NL: 9.99E2 

EM-12373 10.58 1 

6.00, 5 9.95E3 + c 

Full ms [50.00-650.00] 

 
C6: 

Wiley9, Entry# 

157249, CAS# 

NA, 

Probabibilty: 60.35 

 

 
 

(3E)-4-[(1R,3S)-2,2,3-trimethyl-6-

methylenecyclohexyl]-3-buten-2-one 

NL: 9.99E2 

EM-12399 11.11 

1 6.00, 5 

3.68E4 + c Full 

ms [50.00-650.00] 
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C7:  

Wiley9, 

Entry# 624544, CAS# 

107-50-6, 

Probability: 85.79 

 
Cycloheptasiloxane, tetradecamethyl- 

(CAS) 

NL: 9.99E2 

EM-12457 12.29 1 

6.00, 5 3.85E4 + c Full 

ms [50.00-650.00] 

 
C8:  

Wiley9, Entry# 

157588, CAS# 102521-04-0, 

15- 

Probability:28.39 

Structure:NA 

 

 

15-methyltricyclo[6.5.2(13,14).0(7,15)] 

pentadeca-1,3,5,7,9,11,13-heptene 

NL: 9.99E2 

EM-12506 13.29 1 6.00, 5 

2.03E4 + c Full ms [50.00-650.00] 
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C9:  

Wiley9, Entry# 642740, 

CAS# 556-68-3 

Probability:77.07 

 

Cyclooctasiloxane, hexadecamethyl- (CAS) 

NL: 9.98E2 

EM-12628 15.78 1 

6.00, 5 2.68E4 + c 

Full ms [50.00-650.00]

 
C10:  

mainlib, Entry# 

6216, CAS# 130403-61-1 

Probability:12.63 

 
 

N-[4-(3-Hydroxy-1-pyrrolidinyl)-2-

butynyl]-N-methylacetamide 

NL: 9.99E2 

EM-12808 19.44 1 6.00, 5 

2.87E4 + c Full ms 

[50.00-650.00] 

 
C11:  

mainlib, Entry# 

7996, CAS# NA 

Probability: 25.58 

 

 

NL: 9.99E2 

EM-12847 20.24 

1 6.00, 5 

1.32E5 + c Full 

ms [50.00-650.00] 
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Phytol, acetate 

 
C12:  

mainlib, 

Entry# 45842, CAS# 

102608-53-7 

Probability:12.85 

 

 
 

2-Hexadecen-1-ol, 3,7,11,15-tetramethyl 

NL: 9.99E2 

EM-12872 20.75 1 

6.00, 5 3.44E4 + c Full 

ms [50.00-650.0

 
C13:  

Wiley9, Entry# 

326189, CAS# 

504-96-1 

Probability:34.69 

 

 

 

 

 

NL: 9.99E2 

EM-12890 21.11 

1 6.00, 5 

5.06E4 + c Full 

ms [50.00-650.00] 
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7,11,15-Trimethyl,3-Methylene-1-

Hexadecene 

 
C14:  

Wiley9, Entry# 

106803, CAS# 

NA, 

Probability:5.22 

 

 

 
 

 

8-DODECEN-1-AL 

NL: 9.99E2 

EM-12937 22.07 

1 6.00, 5 

9.51E3 + c Full 

ms [50.00-650.00]

 
  

C15:  

Wiley9, Entry# 356585, 

CAS# 56166-83-7 

Probability:6.78 

 

NL: 9.99E2 

EM-121027 23.91 1 

6.00, 5 9.68E3 + c 

Full ms [50.00-650.00] 
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Methyl 2-Ethylhexyl Phthalate 

 
C16: 

Wiley9, Entry# 

479978, CAS# 123471-49-8 

Probability:24.16 

 

 
 

2-Butenedioic acid, [2-

(methylthio)pyrrolo[2,1-a]isoquinolin-3-yl]-

, dimethyl ester, (Z)- (CAS) 

NL: 9.98E2 

EM-121066 24.70 1 6.00, 5 

1.03E4 + c Full ms [50.00-650.00] 

 
C17:  

Wiley9, Entry# 

366710, CAS# 150-86-7 

Probabibility:16.80 

 

 

 

 

 

 

NL: 9.99E2 

EM-121106 25.52 1 6.00, 5 

5.16E4 + c Full ms 

[50.00-650.00] 
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2-Hexadecen-1-ol, 3,7,11,15-tetramethyl-, 

[R-[R*,R*-€]]- (CAS) 

 
C18:  

Wiley9, 

Entry# 480588, CAS# 

128083-30-7 

 Probability: 18.92 

 

 
Pyrazolo[1,5-a]pyrimidine, 3-phenyl-7-(6-

phenylhexyl)- (CAS) 

NL: 9.99E2 

EM-121194 27.31 1 6.00, 5 

8.93E3 + c Full ms 

[50.00-650.00] 

 
C19:  

Wiley9, Entry# 

570119, CAS# 

559-70-6, 

 

 

 

 

 

 

NL: 9.99E2 

EM-121257 28.59 

1 6.00, 5 

4.43E4 + c Full 

ms [50.00-650.00] 
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Olean-12-en-3-ol, (3á)- (CAS) 

 
C20:  

Wiley9, 

Entry# 617801, CAS# 

54284-48-9 

Probability: 34.36 

 

 
 

9-Octadecenoic acid (Z)-, 2-

[(trimethylsilyl)oxy]-1-

[[(trimethylsilyl)oxy]methyl]ethyl ester 

(CAS) 

NL: 9.99E2 

EM-121292 29.30 1 

6.00, 5 1.65E4 + c Full 

ms [50.00-650.00] 

 
C21:  

Wiley9, Entry# 

650496, CAS# NA 

Probability: 87.39 

 

 

 

 

NL: 9.99E2 

EM-121348 30.51 1 6.00, 5 

7.15E3 + c Full ms [50.00-650.00 
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N,N’-Dicyclohexyl-1-

cyano-7-pyrrolidinylperylene-3,4:9,10-

tetracarboxylic acid Bisimide 
  

C22:  

Wiley9, 

Entry# 324847, CAS# 

4376-20-9 

Probability:23.69 

 
Mono(2-ethylhexyl) phthalate 

NL: 9.99E2 

EM-121396 31.66 1 6.00, 

5 2.16E7 + c Full ms 

[50.00-650.00] 

 
C23: 

Wiley9, Entry# 

574153, CAS# 

59-02-9 

Probability:72.17 

 

 

 

 

 

NL: 9.99E2 

EM-121442 32.75 

1 6.00, 5 

1.38E5 + c Full 

ms [50.00-650.00] 
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Vitamin E 
 

 
C24:  

Wiley9, 

Entry# 558546, CAS# 

83-47-6 

Probability:5.80

 
 

 

Clionasterol (CAS) 

NL: 9.99E2 

EM-121471 33.44 1 

6.00, 5 1.19E4 + c Full 

ms [50.00-650.00] 

 
C25:  

Wiley9, 

Entry# 377351, CAS#119971-00-5 

Probability:12.64 

 

 

 

 

 

NL: 9.99E2 

EM-121536 34.98 1 6.00,5 4.21E4 + c Full ms 

[50.00-650.00] 



 

Chapter 7                                                                                                    Appendices 

 

Phytochemical Screening and Evaluation of Biological Activities of Acacia hydaspica       

R. Parker                                                                                                                     412 
 

 
2,6-dimethyl-N-(2-methyl-à-

phenylbenzyl)aniline 

 
C26:  

Wiley9, Entry#554095,  

CAS# 7683-64-9 

Probability:14.63 

 

 
 

Squalene 

NL: 9.99E2 

EM-121600 36.49 1 6.00, 5 

8.50E4 + c Full ms 

[50.00-650.00] 

 
C27:  

Wiley9, Entry# 

292802, CAS# NA 

Probability:8.85 

 

 

NL: 9.99E2 

EM-121639 37.42 1 6.00, 5 

1.29E4 + c Full ms [50.00-650.00] 
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Cyclohexane,1,1,3-trimethyl-2,3-epoxy-2(3- 
methylcyclobuten-2-yl)-4-acetyloxy- 

 
C28:  

Wiley9, Entry# 

645795, CAS# 

29428-58-8 

Probability:7.46 

 

 
4H-1-Benzopyran-4-one, 2-(3,4-

dihydroxyphenyl)-6,8-di-á-D-

glucopyranosyl-5,7-dihydroxy- (CAS) 

NL: 9.99E2 

EM-121677 38.31 

1 6.00, 5 

1.34E4 + c Full 

ms [50.00-650.00] 
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C29:  

mainlib, Entry# 803, 

CAS# 75857-75-9 

Probability:8.52 

 

 
3H-Cycloprop(1,2)androsta-1,4,6-trien-3-

one, 1'-carboethoxy-1'-cyano-1á2á-

dihydro-17á-hydroxy- 

 

NL: 9.98E2 

EM-121705 38.97 1 6.00, 5 1.08E4 

+ c Full ms [50.00-650.00] 

 
C:30 

Wiley9, Entry# 

558671, CAS# 55281-91-9 

Probability:8.72 

 

 
 

 

 

1,1,6,6-Tetracyclohexylhexane 

NL: 9.99E2 

EM-121751 40.05 1 6.00, 5 

8.71E3 + c Full ms 

[50.00-650.00] 

 
 


