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ABSTRACT 

Green inheritance in the form of medicinal plants is a golden hallmark to combat 

challenges of the modern world e.g. cancer, infections, diabetes, neurodegenerative and 

cardiovascular diseases etc. Carissa opaca is a medicinal plant used traditionally for the 

management of cardiovascular troubles, jaundice, hepatitis and asthma. Carissa opaca 

was also certified scientifically for its strong pharmacological potencies. Dicliptera 

roxburghiana is used traditionally as general tonic and for wound healing. This research 

scenario was designed to explore the phytochemical characterization of C. opaca and 

pharmacological potential of D. roxburghiana.  

To ascertain their biological worth, powder of leaves of both plants was 

separately extracted with methanol to obtain methanol extracts which were successively 

partitioned with different solvents e.g. n-hexane, ethyl acetate, chloroform and n-butanol 

to get various solvent fractions and residual aqueous fraction.  

Following bioassay-guided fractionation by column chromatography of C. opaca 

extract/fractions for reduction of DPPH; purified compounds obtained were characterized 

by 
1
H, 

13
C, COSY, HSQC, HMBC, NOESY and 1D TOCSY. Isolated compounds were 

characterized as Naringin, Prunin, Ursolic acid, Uvaol and Procrim a. Naringin, Ursolic 

acid and Prunin were endowed with excellent antioxidant (in vitro antioxidant assays) 

and antimicrobial characteristics whereas Uvaol and Procrim a; were moderately active. 

All compounds were proven to be non-cytotoxic when tested on Hela cell lines. GCMS 

and LC/MS/MS of the methanol fraction confirmed the presence of various important 

constituents specially flavonoids.  

Preliminary phytochemical screening of D. roxburghiana indicated the existence 

of various classes of secondary metabolites; flavonoids, phenolics, alkaloids, saponins, 

coumarins, tannins, phlobatannins, anthraquinones and cardiac glycosides. Antiradical 

proficiencies of methanol extract/fractions indicated the effectiveness for methanol, ethyl 

acetate and n-butanol fraction but with low activity for n-hexane and aqueous fraction. 

Positive correlation was determined between the antiradical potential with flavonoid and 

phenolic contents.  

An appreciable level of antibacterial activity was established for the methanol 

extract and n-hexane fraction of D. roxburghiana against Staphylococcus aureus, 

Bacillus subtilis, Micrococcus luteus, Escherichia coli, Salmonella typhi and Klebsiella 
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pneumoniae through agar well diffusion method. For antifungal demonstrations, various 

fungal strains e.g. Aspergillus niger, Aspergillus fumigatus, Aspergillus flavus and 

Fusarium solani were used. Methanol extract and n-hexane fraction demonstrated an 

appreciable level of antifungal activity.  

Anticancer and cytotoxic screening established the fact that n-hexane fraction was 

very active for nitrite inhibition, chloroform fraction was active for QR1 induction 

whereas ethyl acetate and n-butanol fractions were very active against NFκB inhibition. 

For antiproliferative screenings, it was determined that n-butanol fraction was active 

against 1c1c-7 and MYCN-2 cell lines whereas ethyl acetate, chloroform and n-butanol 

fractions were active against SK-N-SH cancer cell line.  

For in vivo pharmacological evaluation of methanol extract of D. roxburghiana 

(DRME), CCl4 was used to induce toxicity in Balb C male mice. Seven groups were 

formed which were treated with their respective doses at alternate days for one month. 

Toxicity was instigated by CCl4 (1 ml/kg b.w.; 20% in olive oil) whereas protection was 

monitored by using silymarin (50 mg/kg b.w.) and DRME 40 and 60 mg/kg b.w. After 

dissection, blood was collected to analyze the level of serum markers. Toxicity was 

monitored in five organs e.g. liver, kidney, heart, lungs and testis through various 

enzymatic and biochemical markers and DNA fragmentation assay. Histoarchitecture of 

each tissue was also examined microscopically.  

Hepatoprotective potential of D. roxburghiana, instigated by CCl4 was confirmed 

by normal levels of serum markers e.g. AST, ALT, ALP, γ-GT and lipid profile 

(cholesterol, triglycerides, low and high density lipoproteins). Marked alteration for renal 

toxicity by CCl4 and protective effects of DRME was assessed by urine analysis (pH, 

specific gravity, RBC and WBC, urobilinogen, creatinine and urea) and by measuring 

serum albumin, globulins, bilirubin, creatinine etc. Excessive elevation in the levels of 

CK and CKMB in serum was provoked by CCl4 that was recovered by plant extract 

treatment. Altered level of CAT, SOD, POD, GST, GR and γ-GT in various organs by 

CCl4 was ameliorated when treated with DRME. Anomalies in histoarchitecture of 

various organs induced by CCl4 e.g. necrosis, pulmonary and hepatic fibrosis, 

inflammatory cells infiltration in various tissues and degeneration of germ cells were 

ameliorated by the DRME treatment. All these findings demonstrated the 

pharmacological worth of D. roxburghiana.   
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INTRODUCTION 

Since the commencement of human civilizations, the plant kingdom has been used 

as basic pharmacophore health armory with a basic approach toward natural origin that 

dates back thousands of years e.g. oldest record was “Mesopotamia” (probably by 2600 

B.C.) which documented medicinal worth of some plant oils (Cypress and Commiphora 

species) which are still used to treat coughs, colds and inflammation (Dias et al., 2012). 

This green inheritance, in the form of different medieval traditional, herbal and botanical 

systems all over the world such as Unani and Ayurvedic system, symbolize the 

outstanding therapeutic manifestations of the plants and their derived compounds. These 

systematic medicinal traditions are universally practiced due to different factors like 

increasing population, costly western pharmaceuticals, side effects of synthetic medicines 

and growing resistance to drugs used in infectious diseases. For a while synthetic drugs 

surpassed the value of natural products but later on people’s awareness about the potency 

and side effects of synthetic counterparts has further exemplified the plant kingdom as 

golden hallmark.  

Natural products in the form of plant extracts or extracted compounds and 

formulations are proven to be very effective for the treatment of different diseases of 

living beings. Plants synthesize a number of biochemical products which are highly 

valued as raw materials for different scientific investigations. In some formulations the 

whole plant extract can be used for treatment but the use of compounds with biologically 

active nature isolated from plants is of paramount significance. For example “taxol” and 

“vinblastine” are very important anticancer compounds that were derived from plants 

Taxus bravifolia and Catharanthus roseus respectively (Kumar et al., 1997). 

Unfortunately a small proportion of the plants are investigated scientifically while the rest 

of this natural inheritance is still unexplored. Keeping in view the year-by-year 

renaissance of herbals and botanicals in medicament, it is of great worth to explore and 

scrutinize active constituents of the traditional curative plants and to determine their 

biologically active roles in formulations as a whole plant extract or extracted compounds 

as well.  
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1.1. Ethnobotanical significance of chosen plants 

Based on the publicized data about the naturally inherited green products and their 

importance in day to day life, this project was designed to inspect the pharmacological 

evaluation of the Dicliptera roxburghiana. Various biological activities of Carissa opaca 

leaves have been investigated in our laboratory however the isolation and 

characterization of its biochemicals was not documented.  

1.1.1. Carissa opaca Stapf ex Hanes 

Carissa opaca, locally known as “Granda”, is an important evergreen flowering 

shrub of the family Apocynaceae. Plant is present in the hilly areas of Punjab in Pakistan 

including Himalaya and Murree at a latitude of 6000 ft and also in Sri Lanka, India and 

Burma as well. Branched stems usually vary in height from 3-5 m and are covered with 

ovate opposite leaves and pointed spines. White colored flowers are 12 mm long and the 

ripe berry fruit is edible with dark purple color (Sahreen et al., 2011). A huge flurry of 

scientific facts proved that different parts of the plant are used as stimulant, fly repellent 

(Jabeen et al., 2009), aphrodisiac (Ahmad et al., 2009) and can be used for the treatments 

of asthma (Jabeen et al., 2009), fever and diarrhea (Adhikari et al., 2007), cardiac and eye 

disorders (Saghir et al., 2001; Ahmad et al., 2009), and also for hepatitis and jaundice 

(Abbasi et al., 2009). 

1.1.2. Dicliptera roxburghiana auct. non Nees: T. Anders. 

Dicliptera roxburghiana, locally called as “Marchak booty” and “Churu”, is an 

annual herbaceous plant of the family Acanthaceae. May to November is its growing 

season. It is distributed far and wide e.g. in Pakistan, Afghanistan, Bhutan, Nepal, India, 

Bangladesh and China (Malik and Ghafoor, 1988). 

Thin green colored stem is 2 - 7 cm in length bearing green leaves. The lower 

surface area of the leaves is slightly paler with a petiole of 1 - 3.5 cm long. Flowers are 

grouped in axillary cymes florescent pattern. Bracts are short villous particularly along 

the marginal areas. Lobes of the calyx are unequal in size and vary from 5 - 7 mm in 

length. Corolla is also showing a different color pattern from rose to light purple shades. 

Length of the capsule differs from 6 - 7 mm (Wagner et al., 1999). A large circle of 

ethnobotanical data confirmed its different uses for various purposes in Pakistan. Marles 

and Farnsworth (1995) confirmed in an in vivo study that the plant is nontoxic. Powder of 
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the leaves and flower parts is used as general tonic in some areas of Pakistan (Qureshi et 

al., 2009). Shoots of the plant are used as fodder whereas sprinkling the powder of the 

roots three times a day is a potent remedy for wound healing in Pakistan (Khan et al., 

2012a).  

1.2. Chemical characterization in natural product 

It is speculated that plants are a rich source of biologically active lead compounds 

which are going to play a basic historical role in pharmaceutical industries. History of 

natural product isolation dates back to the eighteenth century when for the first time 

morphine was isolated from the Opium poppy and this was the real start to consider that a 

single pure isolated compound can be used as a drug. This historical breakthrough serves 

as the root of natural product characterization research (Hartmann, 2007). With the 

advent of advanced technology, alternative methods e.g. combinatorial chemistry and 

rational drug design, has surpassed the worth of natural products for a while but shortage 

of lead compounds to combat the recently evolved complicated challenges of oncology, 

metabolical and immunosuppression disease along with emerging resistance to existing 

antibiotics in infectious diseases has revived the importance of launching novel leads 

from natural sources (Butler, 2005).  

For this purpose a number of diverse research lines are focused to unravel the 

active moieties of therapeutic plants which have not been previously explored to develop 

new leads. Plants are screened randomly or by following their ethnobotanical worth. It is 

beneficial to follow the bioassay-guided fractionations to precisely focus the compounds 

with the potential of interest. Bioassay-guided fractionation involves the screening of 

compounds according to their specific activity, e.g. to separate compounds by following 

their antioxidant, antibacterial or anticancer activity etc. Being organic chemistry 

research, a number of chromatographic techniques are used to isolate and purify 

compounds from plant extracts followed by their identification and characterization by 

highly advanced techniques e.g. NMR, mass spectrometry or X-ray crystallography etc. 

1.3. Chromatographic analysis    

Chromatographical investigations involve techniques for the isolation of a 

compound from an extract mixture, containing bulk of compounds, through selective 

dispersal of the component between selected stationary and mobile phases. Column 
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chromatography, high performance liquid chromatography and thin layer 

chromatography are the well-known tools used in the natural product separations. 

Different types of stationary and mobile phases are used to achieve the goal of concerned 

compound isolation, depending upon the polarity and nature of the compound of interest.  

Thin layer chromatography (TLC) is a very sophisticated analytical technique to 

analyze the identity and purity of the components in mixture. In TLC stationary phase is 

coated very carefully onto a thin sheet of glass, plastic or aluminum (Stahl, 1956).  

Following sample application on the plate, it is placed in a TLC chamber saturated with 

appropriate mobile phase. Constituents present in sample mixture will move in upward 

direction by capillary force to a specific point according to their Rf values (Guiochon, 

2001). 

Column chromatography is also a beneficial analytical technique in which 

stationary phase is packed in a glass column of varied length and diameter depending on 

the requirement. Silica gel, polyamide, aluminum oxide etc. are often used as the 

stationary phase. Basic principle underlies the extent of adsorption of components onto 

stationary phase. Loosely adsorbed components will elute earlier than the components 

adsorbed strongly onto stationary phase. In this type of chromatographic separation 

components are eluted according to their polarity by gradually increasing the polarity of 

the mobile phase (Gehrke, 2001). 

1.4. Mass spectrometry 

Mass spectrometry is a very sophisticated technique used to determine the 

molecular masses of the compounds. Characterization by mass spectrometry is also very 

significant to elucidate the structure of compounds, to determine their molecular masses 

and molecular formula as well. A huge scientific research circle appear as evidence that 

mass spectrometry is a golden hallmark in the discovery of natural product lead in 

clinical and pharmaceutical lines. The basic principle underlying mass spectrometry is the 

production of fragment ions present in the compound by an appropriate method in order 

to segregate these ions according to their mass-to-charge (m/z) ratio and subsequent 

quantitative and qualitative detection by their respective m/z ratio and abundance 

(Hoffmann and Stroobant, 2001; Gross, 2004). A simple mass spectrometer comprises 

three parts, ionization source, analyzer and detector. Entire setup is optimized in highly 
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vacuumed chamber to avoid the external hindrance e.g. by air. Sample ionization is 

achieved thermally, by energetic electrons, ions, or by electric field. Ionized fragments 

can be separated in analyzer, ultimately passed into detector. Once the segregated ions 

flow in the detector, signals are transmitted to the data system to get the final mass 

spectrum (Klejdus et al., 2001). 

1.4.1. GCMS and LCMS 

Combination of chromatography and mass spectrometry introduces two new 

standard and hyphenated techniques e.g. gas chromatography mass spectrometry 

(GCMS) and liquid chromatography mass spectrometry (LCMS). In these techniques 

components of the mixture get separated first through adsorption at stationary phase 

packed in column through column chromatography and then separated components get 

ionized into fragment ions through mass spectrometry. Both techniques are highly 

advanced and are highly diversified used for the identification of components present in 

plant extracts or in complex metabolites mixtures. LCMS is very beneficial for the 

isolation and identification of non-volatile components in which solvent is used as mobile 

phase. GCMS is often used for the separation and identification of volatile components of 

the mixture and gas is used as mobile phase (Ardrey, 2003).  

1.5. NMR spectroscopy 

Nuclear magnetic resonance (NMR) is a well-developed promising technique 

used for the structural elucidation of the compounds and considered as a milestone in the 

natural product research. It is a versatile technique implied in chemistry, biology, 

medicine etc. and can be applied to diversified range of sample in solid as well as liquid 

states. NMR can supply enough information regarding structure, chemical environment, 

dynamics and reaction states. Nuclei with spin quantum number 1/2 are considered as 

NMR active nuclei and NMR is based on these active (I=1/2) nuclei e.g. 
1
H, 

13
C, 

15
N, 

19
F, 

and 
31

P etc. These active nuclei are thought to develop a magnetic field and resonate in 

externally applied magnetic field hence develop NMR signals which are then recorded as 

NMR spectrum (Balci, 2005).  

Being a highly sensitive technique very small concentrations of sample, sometime 

in micro grams, can be analyzed through NMR (Simpson et al., 2011) without destruction 

of sample components. It can characterize a variety of samples from small molecules to 
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large molecules of DNA and proteins commonly by 1D and 2D or less common but 

highly advanced 3D and 4D NMR experimentations. Advancements in NMR reflect its 

implications in metabolomics to inspect the protein-DNA and protein-protein interactions 

e.g. to study the ligand binding to protein (Claridge, 2009). Further details of 1D and 2D 

NMR e.g. 
1
H, 

13
C, COSY, HSQC, HMBC, NOESY and 1D TOCSY, are described in the 

next chapter.  

1.6. In vitro pharmacological screening  

Medicinal plants are an essential source of therapeutic assistance used in traditional 

systems all over the world. Pharmacological screening of plants basically reside in their 

secondary metabolites which are reported as smaller molecules as compared to larger 

primary molecules of carbohydrates, proteins etc. Unfortunately very few plants are 

scrutinized scientifically and the rest of this green kingdom is still unexplored. There is 

an intense need to assess the pharmacological potential of these plants through the in 

vitro biological screenings.  

1.6.1. Biodynamic phytochemicals 

A flurry of scientific data confirmed that natural products derived from green 

inheritance have been the golden hallmark to provide a lead compound in drug discovery, 

therapeutics and pharmaceuticals all over the world owing to their multifaceted role in 

the management of variety of diseases. Majority of these phytochemicals are secondary 

metabolites which are typified as most important flavonoid and triterpenoids along with 

alkaloids, saponins, tannins and coumarins etc. A large figure of research findings 

confirmed that antioxidant and anticancer potential of all these natural chemical moieties 

is basically attributed to the presence of plant phenolics. These active constituents are a 

leading source of new compounds in drug discovery strategies. A lot of effort is 

consumed to isolate, purify and characterize these compounds along with the 

optimization and introduction of lead compound in the pharmaceuticals at the market 

level (Cordell and Colvard, 2005).  

Flavonoids are a fascinating category of phytochemicals, comprising three phenolic 

ring structures, exhibiting tremendous biological characteristics. Depending upon the 

arrangements of atoms in these rings, flavonoids are typified as flavones, flavanones, 

flavanoles etc. According to Nijveldt et al. (2001) flavonoids prevent the onset of 
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oxidative damage by various mechanisms either directly or indirectly. Ongoing current 

research also determined the biological consequences and incidence of triterpenoids in 

plant kingdom. These are very diverse classes of cyclic compounds, among them 

tetracyclic and pentacyclic triterpenoids containing 30 carbon atoms in the basic core 

structure, are of substantial interest.  

1.6.2. Antioxidant prospective of plants 

It is speculated from a number of scientific records that plants are splendidly 

supplied with numerous antioxidant moieties which are used to manage almost every sort 

of health concerns. As many plants are edible with a lot of ethnopharmacological values, 

their intake as nutrition is highly recommended by nutritionists and clinicians to reduce 

the risk of aging, diabetes, cancer and many other health hazards (Ashokkumar et al., 

2008; Veerapur et al., 2009).  

A huge figure of research focus justified that plant extracts or their derived 

compounds are of primary interest in many pathological manifestations especially in 

radical related risks (Sahreen et al., 2010, Shah et al., 2013). In vitro antioxidant 

screening of plant extracts and their compounds is a basic tool to find out the antioxidant 

character of the plant. A number of in vitro antioxidant assays confirmed that plant 

derived compounds e.g. flavonoids and phenolics have the abilities to quench and 

detoxify the hydroxyl and super oxide radicals which are the basic cause of oxidative 

threats (Aiyegoro and Okoh, 2010).  

1.6.3. Plants as antimicrobials 

Beside the antioxidant potential, plants are also a well-off source of antimicrobial 

agents used to alleviate many infectious ailments. From the very beginning, plants have 

been a major focus for the treatment of many infectious diseases in traditional systems of 

medicament in many countries of the world due to low cost and safety reasons as 

compared to their synthetic counterparts. A large circle of research data revealed the 

efficacy of many phytoconstituents which are responsible for the antimicrobial capability 

of plants against many threatening bacterial and fungal infections which are otherwise 

difficult to manage. Chloramphenicol, tetracycline, streptomycin, gentamicin, 

erythromycin, vancomycin and cephalosporins are broad range natural product derived 

antibiotics used for the clinical dealings of a number of bacterial infections (Singh and 
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Barrett, 2006). Random research lines are followed to explore the active principles liable 

to overcome infectious ailments (Mahesh and Satish, 2008). Due to environmental and 

cell permeability factors, emergence of multi drug resistance (MDR) is a serious problem 

all over the world and especially in the developing countries which is leading to the 

ineffectiveness of current antibiotics, ultimately leading to infection management failure 

(Djeussi et al., 2013).  

1.6.4. Anticancer outcomes of plants 

Cancer is a deadly term of the present time prevailed in entire world. Many 

diversified lines of research have evidenced that plants have been a potent mediators for 

the management of cancerous malaises owing to the efficacy of the approved anticancer 

drugs which are plant oriented e.g. taxol from Taxus bravifolia and vinblastine and 

vincristine from Catharanthus roseus (Wall and Wani, 1995; Gupta et al., 2005). Two 

types of cancer screening assays are practiced widely e.g. chemopreventive assays and 

antiproliferative assays. Cancer chemopreventive assessments are important to 

investigate the cancer fighting potential of botanicals. Cancer chemopreventive 

screenings involves various types of monitoring e.g. TNF-α mediated nuclear factor 

kappa-B (NFκB) inhibitory monitoring, nitric oxide inhibitory monitoring, aromatase 

inhibitory screening and induction of quinone reductase. 

Nuclear factor kappa is a light chain enhancer of activated B cells (NFκB) and is 

basically confined to the cytoplasm but on activation can translocate to the nucleus where 

it mediates the expression of various growth, immune and inflammatory system genes 

(Gilmore, 2006). NFκB is thought to play a dual role either by regulating the normal 

immune functioning of the immune system or by its anomalous activation that mediate 

tumor progression, inflammation and sometime drug resistance in chemo and 

radiotherapy (Balkwill and Mantovani, 2001). Tumor necrosis factor (TNF) is considered 

as potent activator of NFκB. Blockage of NFκB can cause cell cycle arrest, can halt 

proliferation and initiate apoptosis. It was supposed that agents with substantial potential 

to halt the activation of NFκB are remedially beneficial against carcinogenesis (Karin, 

2006).  

Nitric oxide is reactive nitrogen radical that acts as an intercellular messenger and 

is present in a diverse array of mammalian cells. It is manufactured by the L-arginine 
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under nitric oxide synthase enzyme (NOS) using NADPH and O2. Nitric oxide is known 

to play threatening roles e.g. DNA impairments and mutations, DNA repairing enzymes 

suppression along with production of carcinogenic moieties of N-nitroso compounds 

(Fukumura et al., 2006). Nitric oxide is a potent signaling mediator of many 

physiological processes e.g. vasodilation, host defense, neurotransmission, iron 

metabolism and platelet aggregation whereas elevated levels of NO may cause 

pathological manifestations e.g. cancer, hence inhibitory moieties that halt the NO 

generation may act as efficacious anticancer agents (Hofseth et al., 2003). 

Aromatase is a complex enzyme that instigates production of estrogen (a potent 

estradiol) from androgen. In ovarian granulosa cells, testicular Leydig cells, placenta, 

adipose tissue and skin, aromatase is expressed in normal levels where as anomalous 

elevated expression of aromatase is interlinked with breast cancer, endometrial cancer, 

endometriosis and uterine fibroids (Bulun et al., 2005). Aromatase inhibitors may serve 

as strong therapeutic candidates for the control and management of these health malaises.  

Quinone reductase 1 (QR1) is a phase II metabolizing enzyme which convert 

quinones to hydroquinones ultimately diminish oxidative cycling (Cuendet et al., 2006). 

Quinone reductase 1 can protect the cells from quinone toxicity, stabilize the p53 

anticancer protein and help to maintain the antioxidant potential of other endogenous 

antioxidants (Nioi and Hayes, 2004). Therapeutic agents responsible for QR1 inductions 

are regarded as good anticancer moieties.  

Cancers are heterogeneous and diverse but all share the property of proliferation.  

Cancerous cells can be differentiated from their normal counter by augmented and 

hastened proliferation and resistance to apoptosis that is programmed cell death. To 

develop tumors, deviations in the regulation of appropriate key pathways occur that 

control cell proliferation and cell survival is mandatory (Evan and Vousden, 2001). 

Antiproliferative agents are substantial and significant for the management of different 

types of cancer. Using diversified cancer cell lines, these curative agents were tested for 

their efficacy against cancerous cell proliferation.  

1.7. Free radicals and oxidative stress: A constant hassle in living systems 

Reactive chemical moieties containing unpaired single electron in their outer orbital 

are termed as free radicals (Riley, 1994). These reactive moieties are unstable and can be 
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produced in living beings during a range of biochemical and physiological pathways 

through enzymatic or non-enzymatic interactions in aerobic conditions (Pala and 

Tabakcioglu, 2007). Two important types of such free radicals, reactive oxygen species 

(ROS) and reactive nitrogen species (RNS), are considered to play a dual faced character 

which may be deadly or advantageous for the cell because with in a cell ROS may act as 

secondary messengers in cell signaling pathways of cancerous cells and stabilize their 

oncogenic phenotype or may initiate cell necrosis and apoptosis to initiate cancer cell 

death (Valko et al., 2006).   

These oxygen free radicals trigger deleterious outcomes by onset of reactions with 

cellular components (DNA, proteins, carbohydrates and lipids) and cellular structures 

(cell membranes) and initiate austere oxidative hazard in living systems e.g. aging, 

diabetes, cardiovascular and neurodegenerative diseases and cancer as well (Rahman, 

2007). Huge data with scientific approach concluded that these reactive radicals also 

mitigate the normal levels of the cell defensive antioxidant enzymes e.g. CAT, POD and 

SOD leading to an imbalance between oxidant and antioxidant that is the basic root of 

oxidative damage in body (Khan et al., 2011a; Khan et al., 2012c; Ahmad et al., 2013)     

Oxyradical damage causes base alterations, strand breakage and other chromosomal 

anomalies in DNA. Initiation of proteins oxidative damage by insertion of carbonyl group 

and modification of sulfhydryl group in the side chains of amino acid also proved as a 

basic cause of protein’s structural and functional disabilities (Rotilio et al., 1995). These 

reactive oxyradicals also induce peroxidation of lipids to form malonaldehyde (MDA) 

along with some other deadly end products that cause the direct damage to the cell. 

Oxidations of poly unsaturated fatty acids (PUFA) present in the cell membranes also 

impede the transport and permeability of membrane (Halliwell, 2006). Nitric oxide 

generates peroxynitrite that oxidize LDL which triggers irreversible cell membrane 

injuries (Nijveldt et al., 2001).  

1.8. Carbon tetrachloride (CCl4) 

A massive body of scientific records revealed that CCl4 is a model hepatic, neural, 

renal, pulmonary and testicular toxin (ATSDR, 2005; Khan et al., 2011a; Khan et al., 

2012f; Ahmad et al., 2013; Shah et al., 2013) that is supposed to initiate toxicity and 

carcinogenicity at tissue and cellular levels.  It is a synthetically manufactured chemical 
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which is colorless liquid (at room temperature) with sweet odor. It is non-flammable 

toxic chemical which has molecular weight of 153.82 and chemical formula as CCl4 

whereas boiling and melting points were noted as 76.8 ºC and -23 ºC respectively (O’Neil 

and Smith, 2001). 

1.8.1. Administration and absorption facts 

CCl4 can readily be administered through injection, orally and inhalation followed 

by absorption via skin, gastrointestinal and respiratory tracts respectively. It can be 

readily distributed in all organs including liver, kidney, skin, lungs, gonads and brain and 

extent of absorption depends upon the administration vehicle along with highest 

concentrations in fats (EPA, 2012).  

1.8.2. Biotransformation of CCl4 

As investigated in mammalian systems, CCl4 can easily be transformed biologically 

in liver, kidney, lungs and all other organs containing CYP-450 enzymes as described in 

Figure 1.1. Biotransformation of CCl4 is initiated by enzymatic catalysis through 

Cytochrome P-450 enzyme family, especially through CYP2E1, to generate highly 

reactive trichloromethyl radical that could be dimerize to hexachloroethane or may form 

adducts. Oxidation of this radical leads to the production of another even more reactive 

trichloromethylperoxyl radical that is mainly responsible for lipid peroxidation. This 

trichloromethylperoxyl radical may also react to form phosgene gas that is very toxic and 

can be hydrolyzed to CO2. This radical can also undergo anaerobic reactions that lead to 

the production of toxic compounds e.g. chloroform, hexachloroethane and carbon 

monoxide (EPA, 2010) 

1.8.3. Mode of action of CCl4  

A large number of research has shown the in vivo and in vitro mode of action of 

CCl4 which led to the toxic hazards at tissue and cellular level in living systems.  Being 

highly reactive, trichloromethyl and trichloromethylperoxyl radicals bind covalently to 

the cellular biomolecules to form DNA, lipids and proteins adducts (Recknagel, 1983). 

Trichloromethylperoxyl radicals bind to the poly unsaturated fatty acids (PUFA) present 

in the cell membranes to generate fatty acid free radical and result in autocatalytic lipid 

peroxidation. These alterations result in membrane damage and abnormal membrane 

integrity. Lipid peroxidation leads to the production of aldehydes as by products resulting 
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into the formation of DNA and protein adducts that initiate hepatic toxicity and 

carcinogenesis (Manibusan et al., 2007).  

Due to altered membrane integrity, calcium leakage inside the cytoplasm also 

interferes with the calcium homeostasis ultimately results in the elevated level of calcium 

that is another factor leading to break down of cell membrane through the activation of 

calcium dependent phospholipases and proteases. Higher calcium contents inside cellular 

environment also activate endonucleases that initiate chromosomal disruption, cell death 

and ultimately proliferation of such mutant cell result into cancer (Manibusan et al., 

2007).  

1.9. In vivo toxicity analysis 

Regarding in vivo experimental studies carried out on animal models, there is much 

evidence which supports plants to contain strong antioxidants. These studies involve 

usually the induction of toxicity by any carcinogenic or mutagenic chemical, e.g. CCl4, 

paracetamol, benzene and chloroform, that by interfering with cellular environments react 

with biomolecules, ultimately result into free radical and oxidative stress related 

problems (Khan et al., 2011a; Sahreen et al., 2013b). By administering the plant extracts 

and their derived compounds in animals, these toxicity outcomes can be mitigated due to 

the protective and curative effects of plants and their compounds (Ahmad et al., 2013). 

These studies are concerned with different organ systems e.g. liver, kidney, heart, lungs 

and brains etc. and damage induced by toxins are monitored by analyzing various 

parameters e.g. levels of antioxidant enzymes in tissue and serum along with 

histopathology.  

1.9.1. In vivo antioxidative defense scavengers 

To combat oxidative hassle, nature has provided us with a highly sophisticated 

defensive shield of enzymatic and non-enzymatic antioxidant mechanisms to maintain a 

proper balance between antioxidants and their counterparts, oxidants, inside the living 

compartments. Antioxidant enzymes are a first line of defense to quench and neutralize 

the free radicals to avert the onset of pathological consequences. These enzymes are 

categorized into phase I and phase II antioxidant enzymes. Phase I enzymes are 

responsible for the metabolical transformation of xenobiotics and toxins into less toxic 

products, by oxidation reduction reactions, which are then acted upon by phase II 
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enzymes. Phase II enzymes detoxify toxins by conjugation of xenobiotic into more 

soluble forms (Nebert et al., 1990; Prestera et al., 1993). These include catalase, 

superoxide dismutase, peroxidase, glutathione reductase, gamma-glutamyle transferase, 

and glutathione-S-transferase etc. 

Catalase (CAT) is a very important mammalian enzyme (phase I) usually confined 

to peroxisomes. It is made up of four tetrameric subunits of 60 KDa joined together 

through haem and NADPH in its active center. Catalase can neutralize H2O2 on a 

concentration dependent manner; either through catalytic conversion to H2O and O2 at 

higher concentrations or through peroxidation activity at lower concentration, it can 

oxidize its substrate and remove H2O2 (Scibior and Czeczot, 2006). 

Superoxide dismutase (SOD) is another key enzyme (phase I) that dismutates the 

superoxide anion radical to less toxic O2 and H2O2 by oxidation reduction mechanism of 

its active metal ion. There are three isoforms of SOD; cytosolic SOD, extracellular SOD 

and mitochondrial SOD which are confined to cytoplasm, cell membrane and 

mitochondria respectively. Cytosolic and extracellular isoforms are copper zinc 

dependent dimer of 32 KDa and the mitochondrial isoform is a Mn-dependent 

homotetramer of 96 KDa (Krishnamurthy and Wadhwani, 2012).  

Glutathione peroxidase (POD) is also a vital phase I enzyme that favors the 

catalytic reduction of H2O2 and lipid peroxides at the expense of glutathione. It is also a 

tetramer (80 KDa) with single selenocysteine in each subunit as active center 

(Krishnamurthy and Wadhwani, 2012).  

Glutathione-S-transferase (GST) represents a complex family of phase II enzymes 

present. GST usually involves the catalization reaction by conjugating reduced 

glutathione (GSH) with the compounds containing free radicals. They are also important 

modulators in signal transduction pathways, intracellular transport of ligands, 

sequestering of carcinogens and detoxification of xenobiotics (Sherratt and Hayes, 2002). 

Glutathione reductases are also a broad range of complex phase II enzymes. It is 

evidenced from diverse lines of explorations that reduced glutathione acts as a substrate 

for the reduction of peroxides to less damaging alcoholic products by the assistance of 

glutathione peroxidase, thereby mitigating the oxidative stress and maintaining 

membrane integrity. The role of glutathione reductase was described as to facilitate the  
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Figure 1.1. Biotransformation scheme of CCl4 (ACGIH, 2001). 
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whole process by catalyzing the conversion of oxidized glutathione (GSSG) to reduced 

GSH hence sustain the appropriate level of GSH (Mulherin et al., 1996). 

Glutathione is a sulfhydryl compound with low molecular weight and is a very 

strong quencher of reactive free radicals hence mediating its role by defending the cells 

from intracellular and extracellular oxidative stress. γ-glutamyl transferase is a potent 

enzyme for the extracellular catabolism of reduced glutathione (GSH) hence helps to 

mitigate extracellular stress (Giral et al., 2008).  

1.10. Research aims and objectives 

Current research project is designed to investigate the phytochemical 

characterization of Carissa opaca leaves and to evaluate the pharmacological potential of 

Dicliptera roxburghiana because there was no scientific data about these plants regarding 

our concerned objectives.  

The major contributions for this study are: 

1.10.1. Phytochemical characterization of Carissa opaca 

 GCMS screening 

 To isolate the compounds by column chromatography and TLC 

 To elucidate the structures of compounds by NMR 

 To carry out the molecular masses by mass spectrometry 

 To check the fragmentation pattern for the presence of compound by LC/MS/MS 

 Biological activities of compounds characterized by NMR 

1.10.2. In vitro pharmacological evaluation of Dicliptera roxburghiana 

 Preliminary phytochemical screening 

 GCMS screening 

 Total phenolic and flavonoid contents determination 

 Antioxidant potential  

 Antibacterial activity 

 Antifungal activity 

 Anticancer activity 

1.10.3. In vivo pharmacological evaluation of Dicliptera roxburghiana 

 To analyze the protective effect of plant on different mice organs 

 To analyze the level of antioxidant enzymes and biomolecules in mice tissue 
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 To analyze the effects of plant on urine and serum biomarkers 

 Histopathological observations 
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REVIEW OF LITERATURE 

Undeniably, medicinal foliage is of the utmost worth in the sphere of health and 

welfare of living beings. From the beginning of human civilization, people relied on 

herbal formulations for the management of various health maladies. Drug discovery from 

medicinal plants is a multidimensional approach that is an amalgamation of 

phytochemical, botanical, pharmacognosy, ethnobotanical and molecular techniques. 

Drug discovery commencement dates back to early nineteenth century with the 

inadvertent discovery of morphine from Opium poppy (Kinghorn, 2001; Samuelsson, 

2004). World Health Organization (WHO) surveyed and demonstrated the dependence of 

80% global inhabitants on conventional remedies that include the usage of plant extracts 

(WHO, 1993). In a survey piloted on drugs approved in the era of 1983 to 1994, it was 

confirmed that 39% drugs were natural products or their derivatives and 60 - 80% of 

antibacterial and anticancer drugs were derived from natural products (Cragg et al., 

1997). Natural products formulations either in the form of extracts or isolated compounds 

are the precious source serving on well-being since prehistoric times.  

Natural product oriented drug discovery is an all-encompassing knowledge 

starting from pharmacological investigation of crude extracts followed by 

characterization of active principles that eventually bring about the optimization of lead 

for commercial usage. A number of biodynamic constituents from numerous plants are, 

testified in repeated clinical and field analysis and laboratory exploration, characterized 

as therapeutically benevolent for the management of various health concerns e.g. Salix 

caroliniana (willow tree) contains acetylsalicylic acid that is the chief component of 

aspirin. Papaver somniferum (Poppy flower) contains opium, morphine and codeine; 

Digitalis lantana (Foxglove plant) possesses digoxin that is a cardiac medicine; Cinchona 

officinalis (Cinchona tree) provides antimalarial quinine; Rauwolfia serpentina (Dogbane 

plant) contains reserpine that is antihypertensive and tranquilizing drug. Taxus bravifolia 

(Pacific yew tree) is rich in taxol that is anticancer drug. Catharanthus roseus (Periwinkle 

flower) is potent source of anticancer vinblastine and vincristine. Aloe vera (Aloe plant) 

possesses aloin that is used for dermatological problems. Allium sativum (Garlic) is 

helpful in cholesterol lowering, blood pressure decreasing and immunity augmenting 

capabilities (Kendler 1987; Youngkin and Israel, 1996; O’Hara et al., 1998; Meserol, 
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2001; Halberstein, 2005). Keeping in view the utmost therapeutic worth of plants, we 

concentrated on main disciplines of pharmacognosy and phytochemistry in the present 

research strategy.  

2.1. Ethnobotanical significance of chosen plants 

2.1.1. Carissa opaca Stapf ex Hanes 

Carissa opaca is a very significant medicinal shrub traditionally used for the 

treatment of asthma, fever, diarrhea, hepatitis and cardiac troubles (Saghir et al., 2001; 

Adhikari et al., 2007; Abbasi et al., 2009; Jabeen et al., 2009). In a study, Rai et al. 

(2006) extracted essential oils from the plant C. opaca. In an in vitro study conducted on 

the fruit extract of C. opaca, Sahreen et al. (2010) confirmed its strong antioxidant 

potential against various free radical systems. Sahreen et al. (2011) also investigated the 

strong defensive effect of methanol leaves extract on CCl4 induced liver injury. Plant 

leaves are reported with appreciable effects on lipid peroxidation and male reproductive 

hormones of rat and were proven to be strong antioxidant (Sahreen et al., 2013a). It was 

proven in different in vivo studies conducted on rats that C. opaca was very active to 

prevent and control the pulmonary ailments, lung fibrosis and heart problems (Sahreen et 

al., 2014a, Sahreen et al., 2014b).  

2.1.2. Dicliptera roxburghiana auct. non Nees: T. Anders. 

Dicliptera roxburghiana was used as medicinal plant in traditional health system. 

Chemical characterization of the plant is documented and presence of saturated fatty 

acids with a chain length of 15-31 carbons was confirmed along with important 

flavonoids e.g. apigenin, kaempferol, luteolin and apigenin-7-O-glucoside according to 

Bahuguna et al. (1987). Plant was reported as non-toxic, used for wound healing and as 

general tonic in traditional systems (Qureshi et al., 2009; Khan et al., 2012a). 

2.2. Natural products and drug discovery 

Natural product is a diversified term that can be defined broadly as compounds 

with biological activity or products obtained from plants, animals or microorganisms with 

extensive chemical diversity in purified or structurally identified forms (Saha and Khuda-

Bukhsh, 2013). Based on folklore and general observations, for a long time, natural 

product derived extracts were the first and the only medications accessible to mankind 

(Ganesan, 2008). From the antediluvian era, there is a spurt in the concerns regarding 
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traditional usage of herbals and botanicals as natural product oriented therapeutic 

remedies. Traditional practices implicate the usage of medicinal plants as crude drugs e.g. 

teas, powders, tinctures, poultices and various other formulations (Samuelsson, 2004). 

Plants oriented drug discovery was evolved with the discovery of morphine from Opium,  

with subsequent isolations and identification of some other early drugs like codeine, 

digitoxin, quinine etc. (Newman et al., 2000; Butler, 2004; Balunas and Kinghorn, 2005) 

along with cardiotonics from foxglove, penicillin in mold and salicylic acid from willow 

bark, have launched the pharmaceutical industry (Rishton, 2008). Therapeutic plant 

oriented drug innovation is a golden mark for consistent development of new leads for 

numerous pharmacological objectives and against many pathological manifestations 

together with cancer, Alzheimer’s disease, HIV/AIDS, malaria etc. (Balunas and 

Kinghorn, 2005). Between 1970 and 2006, It was recorded that approximately 24 

distinctive natural products were devised that led to an approved lead (Ganesan, 2008).  

Many diverse lines of evidence proved that various strategies are designed for the 

successful development and optimization of novel leads at commercial levels that involve 

important steps. Drug discovery starts with the selection of plant either randomly or 

according to ethnobotanical worth of the plant. Further steps underlie in this regard are 

the pharmacological evaluation of the plant with subsequent isolation of active 

biodynamic principals through bioassay-guided screenings, and finally characterization 

of isolated compounds through various advanced techniques including nuclear magnetic 

resonance spectroscopy and mass spectrometry etc. (Balunas and Kinghorn, 2005).  Such 

small pharmaceutical molecules are benevolent pharmacologic tools implied for the 

management of health maladies and to understand the mode of actions and biochemical 

pathways involved in disease progression (Rishton, 2008).  

Flavonoids and triterpenoids are very important secondary metabolites. Korkina 

and Afanas’ev (1997) speculated that flavonoids are very strong antioxidants and play a 

beneficial role in the cell by directly combating the free radical moieties following 

oxidation reaction making them less reactive free radical e.g. rutin and epicatechin 

(Hanasaki et al., 1994). Flavonoids quench the peroxynitrite, which are formed by the 

reaction of nitric oxide with free radicals, ultimately inhibit the LDL oxidation and put a 

stop to the cell membrane injury, for example, silibin is a nitric oxide quenching 
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flavonoid. Silibin is also an inhibitor of xanthin oxidase enzyme, which is a leading cause 

of oxygen radical, and reduces oxidative threat (Nijveldt et al., 2001). Flavonoids also 

prevent the tissue and cells from the severe hazards of inflammation, atherosclerosis, 

allergy, viral infections and cancer (Middleton, 1998). All flavonoids represent a basic 

structure called flavan nucleus that comprises 15 carbon atoms (C6-C3-C6) organized in 

three rings of A, B and C. Ring C plays a central and key role, which by undergoing 

oxidation, typifies the flavonoids in six major categories e.g. flavones, flavonols, 

flavanols, flavanones, isoflavones and anthocynines. All these flavonoids differ in their 

structures by various substitutions e.g. methoxylation, hydroxylation, glycosylation or 

prenylation (Dai and Mumper, 2010).  

Triterpenoids are gaining much more consideration due to their strong 

antioxidative character with special reference of anticancerous nature (Hsu et al., 2004; 

Chahar et al., 2011). Ursolic acid is example of a triterpenoid, present in the majority of 

plants, which possess anti-HIV (Lee et al., 2008), antibacterial (Fonranay et al., 2008), 

antimutagenic (Resende et al., 2006), immunomodulatory activity (Jang et al., 2009) and 

hepatocurative activity (Saraswat et al., 2000). These are also strong neuroprotective 

agents that help to mitigate depression, anxiety, dementia and other neurological effects 

along with inflammation, apoptosis and cancer (Parmer et al., 2013). Keeping in view the 

curative worth of secondary metabolites, this project was designed to unravel the 

secondary metabolites present in C. opaca.  

2.3. Chemical characterization of compounds  

Chemical characterization encompasses a multistep array of procedures e.g. 

extraction of the plant material, bioassay-guided chromatographic separation and 

structural elucidation though advanced technologies e.g. 1D and 2D NMR, GCMS and 

LCMS etc.  

2.3.1. Solvent-solvent extraction 

Solvent-solvent extraction is a very rapid and simple technique in which a 

solution is mixed with another immiscible solvent in such a way that it initiates the 

transfer of some solutes into newly added solvent usually in accordance to their polarity. 

Conventional extraction methodology e.g. soxhelet extraction, is a very cheap and 

important initial step for the phytochemical screening of medicinal plants that is 
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responsible for the final outcomes obtained. Extraction influences the yield and purity of 

targeted compounds along with their conversion to appropriate forms suitable for 

detection and isolation (Azmir et al., 2013).  

2.3.2. Bioassay-guided fractionation 

Bioassay-guided isolation is a significant and fruitful approach to search for 

active constituents with desired capabilities. It is very informative strategy that reduces 

the time by focusing just on the desirable fractions instead of wasting time to unravel all 

fractions. It is a straight forward pathway hence provides a direct clue about the chemical 

profile of the plant regarding active component of interest (Bucar et al., 2013). In this 

approach extracts and derived fractions are tested for their specific activity and just those 

fractions are further considered which show positive response regarding that activity of 

interest. A number of diversified lines of research investigations demonstrated the 

bioassay-guided isolation and identifications. Following bioassay-guided isolation 

strategies, Jamil et al. (2012) isolated the antibacterial compounds from the plant Quercus 

dilatata L. whereas antioxidant and cytotoxic compounds were isolated from Athrixia 

phylicoides (Mavundza et al., 2010).  

2.4. Chromatographic analysis 

A number of research publications evidenced chromatography as a sophisticated 

and valuable technique used for the isolation of chemical entities from a mixture. It was 

introduced for the first time in 1890s by a Russian botanist named Tswett (1905) while 

separating the plant components (color pigments) through liquid solid chromatography. 

The chromatographic techniques are typified into many forms but most familiar are thin 

layer chromatography, column chromatography and high performance liquid 

chromatography used for plant component separations.  

2.4.1. Column chromatography 

Column chromatography is a type of liquid chromatography because the mobile 

phase used in this technique is a liquid. Different types of gravity and flash columns are 

used in this practice in which elusion is achieved under the action of gravity or external 

pressure respectively. Silica gel, sephadex, polyamide etc. are used as the stationary 

phase in column chromatography for the separation of compounds. Stationary phase used 

is packed in a cylindrical column which may be of various diameter and length depending 
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on the size of the sample. Sample is loaded at the surface of the column either by dry 

sample loading or wet sample loading method. In dry loading sample is first dissolved in 

appropriate solvent and then gets adsorbed in stationary phase, which is then loaded onto 

column surface after solvent evaporation. In wet loading system sample is dissolved in 

appropriate solvent and is directly loaded onto column surface (Shusterman et al., 1997; 

Miller and Mahoney, 2012). Fang et al. (2005) isolated and identified the active cytotoxic 

compounds present in Laurus nobilis (Bay leaf) through column chromatography. They 

used silica gel (200-425 mesh) as stationary phase and elusion was done using a mobile 

phase of n-hexane-chloroform in different ratios. Important alkaloids were isolated from 

Datura metel through column chromatography using silica gel 60 as stationary phase (Al-

Utbi et al., 2013).  

2.4.2. Thin layer chromatography 

Thin layer chromatography is also a familiar and standard technique used for the 

isolation, identification and purification of components present in a mixture. This is also 

a type of liquid chromatography because a liquid mobile phase is used. In this method a 

thin layer of stationary phase e.g. silica, is coated on to the surface of a plastic, glass or 

aluminum plate (Stahl, 1956). Mixture is applied as a small drop on the plate which is 

then placed in TLC tank saturated with mobile phase. Under capillary action various 

components travel with different velocities along the plate and then Rf value is calculated 

for each components (Guiochon, 2001). Sometime these plates are used to spray with 

different solutions e.g. DPPH or NH4 either to confirm the presence or absence of active 

components or to make them visualized. TLC analysis was followed for the investigation 

of antioxidant compounds from fifteen Bamboo species along with exploration of flavone 

glycosides from leaves of Bambusa textilis (Wang et al., 2012). In another TLC mediated 

approach, bioactive fucoxanthin was isolated and characterized from Himanthalia 

elongata (Rajauria and Abu-Ghannam, 2013).  

2.5. Mass spectrometry 

In academic, clinical and pharmaceutical laboratories, mass spectrometry is 

considered as a selective, informative and standard analytical technique to determine the 

molecular masses and molecular formulas of the compounds and even to identify the 

compounds. This is analytical as well as qualitative technique that serves as a golden 
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hallmark to analyze combinatorial libraries; to elucidate structures of either unknown 

components or forensic and environmental analytics; to sequence the biomolecules and 

also to assure the quality control measures of flavors, drugs and polymers etc. (Gross, 

2004). History of mass spectrometry was started with discovery of electron in 1897 by 

Thomson who discover mass-to-charge ratio of electron (Gross, 2004). 

Basic principle of mass spectrometry underlies the production of gas phase ions 

through electron ionization; ultimately generate fragment ions which subsequently 

undergo separation. These fragment ions are then analyzed according to their mass-to-

charge ratios and are detected according to their relative abundance. Most intense peak is 

designated as base peak and rest of the peaks give detail about their abundance as 

percentage of the base peak (Hoffmann and Stroobant, 2001). Following this principle 

mass spectrometers are equipped with ionization source, analyzers and detector with 

some modifications e.g. some mass spectrometers combine sample inlet and ionization 

source while others combine analyzer and detectors. After sample injections through 

sample inlet, ionization source produce ions from sample which are then separated by 

analyzer according to their mass-to-charge ratios. Selected ions are fragmented and 

analyzed in second analyzer. Detectors are responsible to measure the abundance of ions 

detected through last analyzer and also to convert ions into electrical signals which are 

then transmitted to the computers (Hoffmann and Stroobant, 2001). According to Rijke et 

al. (2006), ionization methodologies include chemical ionization (CI), electrospray 

ionization (ESI), atmospheric pressure chemical ionization (APCI), fast atom 

bombardment (FAB), electron ionization (EI) and matrix-assisted laser desorption 

ionization (MALDI). It is a highly sensitive technique which can detect very minute 

quantities of sample even in fento grams (Simpson et al., 2011). In isolation and 

characterization strategies from natural products, mass spectrometry is a very basic step 

to determine the molecular mass of the compounds.  Molecular masses of 12 compounds 

e.g. scandoside methyl ester, daphylloside, geniposide, geniposidic acid, loganin, 7-

ketologanin, loganic acid, deacetylasperulosidic acid, rutin, oleanolic acid, ursolic acid, 

b-sitosterol, isolated from Gallium tortumense were demonstrated by mass spectrometry 

technique (Guvenalp et al., 2006). 
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2.5.1. GCMS and LCMS 

Plant components can be identified through a combination of chromatographic 

and mass spectrometric techniques which are widely used for active targets and to 

investigate and identify unknown constituents (Brusotti et al., 2014). LCMS and GCMS 

are techniques applied in academic, analytical, pharmaceutical and industrial sectors. In 

these techniques chromatography is coupled with mass spectrometry in the same 

experiment. In LCMS and GCMS based approaches, column chromatography is 

performed to separate the individual components by using liquid or gas as mobile phase 

respectively and separated components directly undergo ionization to achieve mass-to-

charge ratios of fragment ions. GCMS and LCMS profiling are very good to identify the 

volatile and non-volatile components of the plant but optimum performance of both 

techniques depends upon the conditions optimization that is considered as a crucial step 

(t’Kindt et al., 2009). For metabolic profiling by GCMS and LC/MS/MS, chemical 

derivatization and mass spectral libraries, e.g. NIST, are playing very important role to 

give exact match and are proven very helpful to understand the underlying principles in 

plant by analyzing plant extracts (Halket et al., 2005).  

Jothy et al. (2011) investigated the active anti-yeast constituents from Cassia 

fistula seed extract through thin layer chromatography and LCMS techniques. They 

confirmed that the plant was rich in roseanone which was characterized through MS 

analysis. In another study Cucumis callosus, a member of the Cucurbitaceae family, was 

subjected to analyze the components through LCMS and they reported that plant was rich 

in alkaloids, steroids, terpenes and triacylglycerols etc. (Soam et al., 2013). Crude 

extracts of plants, Ferula communis and Dittrichia viscosa, were explored for the 

investigation of secondary metabolites through LCMS along with other techniques. They 

identified sesquiterpene lactones and sesquiterpene acids from D. viscosa and daucane 

sesquiterpenes along with few coumarins from F. communis (Mamoci et al., 2011). 

GCMS was used in a study conducted to unravel the metabolites of Arabidopsis thaliana 

crude extracts through calculating the elemental composition and they confirmed the 

presence of important metabolites including some novel compounds (Fiehn et al., 2000). 

Mari et al. (2013) followed integrative GCMS and LCMS metabolomics platform for the 

investigation and identification of phytochemicals present in Potentilla anserina L. 
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Phenolic components of some aromatic plants e.g. Origanum dictamnus, Eucalyptus 

globulus, Origanum vulgare, Mellisa officinalis and Sideritis cretica, were examined by 

GCMS techniques and it was demonstrated that gallic acid, ferulic acid, caffeic acid, 

catechin, epicatechin and quercitin were abundantly present in these plants (Proestos and 

Komaitis, 2013).  

2.6. Nuclear magnetic resonance (NMR) spectroscopy 

Nuclear magnetic resonance spectroscopy is an essential experimental technique 

used in characterization and structural elucidation of compounds. First NMR signal was 

detected in 1945 which serve as a milestone in analytical chemistry (Balci, 2005). 1D and 

2D NMR techniques are the best studied analytical techniques used for the structural 

elucidation of isolated compounds (Schroeder et al., 2007).  

2.6.1. One dimensional (1D) NMR 

2.6.1.1. 
1
H (Proton) NMR 

1
H (Proton) NMR is a basic experiment during NMR analysis performed for the 

structural elucidations that gives a clue about the total number of hydrogen atoms present 

in the sample. Deuterated solvents are used for proton NMR analysis to minimize the 

interaction of sample protons with that of solution. Peak integrations describe the number 

of hydrogen atoms whereby chemical shift values demonstrate the type of hydrogen 

atoms and their chemical environment. Coupling constants, J, are measured for the 

determination of mutual correlation exists between hydrogen atoms. Numbers of coupled 

hydrogen neighbors are assessed by analyzing the splitting patterns and multiplicity 

(Silverstein et al., 1991; van de Ven, 1995).  

2.6.1.2. 
13

C (Carbon) NMR 

This is a good way to calculate the number of carbon atoms confined to the 

molecule or compound. In this experiment 
13

C isotope is observed instead of abundantly 

present 
12

C isotope. This is the reason we require relatively high quantities of sample as 

compared to that required for proton NMR owing to the fact that ratio of 
13

C to 
12

C is 

very low than the ratio of 
1
H to 

2
H. 

13
C spectrum gives us valuable data about the total 

number of carbons which is indicated by peaks along with their chemical environment 

which is denoted by chemical shift values (van de Ven, 1995).  
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2.6.1.3. DEPT NMR (Distortionless enhancement by polarization transfer) 

This is also 1D experiment which gives us the idea about carbon multiplicities. 

DEPT 135 denotes the number of methine, methylene and methyl groups whereas DEPT 

90 gives us information about methine groups only. As the signals of quaternary carbons 

are missed in DEPT spectra, we can determine the total number of quaternary carbons by 

comparing 
13

C spectra with that of DEPT, although DEPTQ is used to determine the 

number of quaternary carbons (Claridge, 2009).  

2.6.1.4. 1D TOCSY (Total correlation spectroscopy) 

This is a type of homonuclear spectroscopy that is used to describe the correlation 

of proton present in a coupled network but do not share J-couplings. In other words we 

can determine through bond connectivity between adjacent protons present in a coupled 

chain. This is very useful to characterize the glycosidic proton present in sugars or for 

amino acid present in peptides (Claridge, 2009).   

2.6.2. Two Dimensional (2D) NMR 

2D NMR is more advanced and recently developed technique that deals with the 

assignments of complex moieties which are very complicated to be solved by simple 1D 

NMR. In this type, data is displayed by two frequency axis e.g. f1 and f2.  

2.6.2.1.   COSY NMR (Correlation spectroscopy) 

It is a homonuclear spectroscopy that characterizes those nuclei which share a J-

coupling through two, three or (rarely) four bond correlation between neighboring 

protons. Therefore COSY spectrum gives us an idea about proton-proton connectivity 

which is plotted along f1 and f2 axis designed in two dimensions. A COSY spectrum 

consists of various diagonal and cross peaks which describe the proton-proton 

connectivity through one bond (Claridge, 2009). 

2.6.2.2. HSQC (Heteronuclear single quantum correlation) 

As the name indicates, this is a type of heteronuclear spectroscopy in which two 

different nuclei are observed. HSQC spectra describe connectivity through single bond 

between proton and a heteronucleus e.g. carbon or nitrogen etc. present in molecule or 

compounds. One axis denotes proton chemical shifts whereas the second axis describes 

carbon chemical shift values which are directly correlated through a single bond 

(Claridge, 2009).   
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2.6.2.3. HMBC (Heteronuclear multiple bond correlation) 

This is also heteronuclear spectroscopy that describes the correlation between 

proton and a heteronucleus through multiple bond connectivity e.g. connectivity through 

one, two, three or four bonds (rarely). Correlations can be studied through long range 

heteronuclear J couplings (Claridge, 2009).  

2.6.2.4. NOESY (Nuclear overhauser effect spectroscopy) 

This is a very important spectroscopy to determine three dimensional 

stereochemistry of a molecule or compound. In this spectroscopy, correlations by nuclear 

over hauser effects are confirmed between nuclei situated close to each other in space. So 

this is a type of through space connectivity rather than through bond (Claridge, 2009).  

2.6.3. NMR in natural products 

In a study carried out to investigate the active components from Helinus 

mystachnus, chromatographic extraction of the components was done by column 

chromatography. Components were further identified as betulinic acid and benzoic acid 

through NMR and IR analysis (Tadesse et al., 2012). Ruphin et al. (2014) isolated the 

active cytotoxic compounds from a therapeutic plant Diospyros quercina (Baill) by 

subjecting the extract to column chromatography following bio-guided fractionation. 1D 

and 2D NMR spectroscopy was followed for the confirmation of proton and carbon 

chemical shift values needed for the structural elucidation of those cytotoxic compounds.  

2.7. In vitro pharmacological screening  

Before going to search leads from therapeutic plants used in traditional system, it 

is mandatory to demonstrate the pharmacological potential of plant crude extracts to 

determine their phytochemical and therapeutic worth and also to demonstrate toxicity 

profile. For this purpose various pharmacological screening of crude extracts are thought 

to be significant. Various in vitro test systems screening e.g. antioxidant, antimicrobial, 

anticancer etc. are very important and sometime serve as basic steps of the ladder of 

developing new drug leads from the under exploration plant.  Keeping in view the 

importance of in vitro pharmacological screening, D. roxburghiana was subjected to 

various in vitro screening experiments to explore its therapeutic aptitude.  
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2.7.1. Biodynamic phytochemicals  

Preliminary phytochemical screenings evidenced that beside the primary 

metabolites e.g. carbohydrates, proteins, DNA etc. plants are splendidly supplied with 

active secondary metabolites which are of prime impact in the therapeutic defense line. 

The term secondary metabolites covers a diversified array of chemical moieties e.g. 

flavonoids, phenolics, alkaloids, coumarins, tannins, terpenoids, phlobatannins, cardiac 

glycosides, saponins etc.  

Flavonoid is the major class of secondary metabolites that is categorized into 

10,000 diversified structures with elaborative biological potential. Being strong 

antioxidants, flavonoids act as a defensive armory that impedes the formation of reactive 

radical moieties and quenches the preexisting deadly radicals. These are regulators of 

plant growth and are renowned to have a tendency for absorption of UV-B and UV-A 

solar radiation and also to protect the plant from environmental hazards (Brunetti et al., 

2013). Flavonoids are also signified as cancer chemopreventive and antiproliferative 

mediators that cause cell cycle arrest, hamper angiogenesis and instigate apoptosis and 

differentiation etc. (Ren et al., 2003).  

Other secondary metabolites e.g. terpenoids, alkaloids and tannins are also 

noteworthy exhibiting many biological characters for the management of health related 

issues. Terpenoids constitute more than 40,000 diverse compounds formed by the linking 

of isoprene units. Terpenoids are endowed with vital active biological roles e.g. 

antimalarial (artemisinin), anticancer (Taxol and perilla alcohol), antiulcer, antimicrobial 

and hepaticidal (glycyrrhizin) etc. (McCaskill and Croteau, 1998; Bertea et al., 2005; Lin 

et al., 2005) along with antioxidant, anti-inflammatory and antimicrobial characteristics 

(Omoyeni et al., 2014). Alkaloids are nitrogen containing secondary metabolites 

categorized into diverse compounds with special roles in cancer e.g. taxol and paclitaxel, 

vinblastine and vincristine (Wall and Wani, 1995; Gupta et al., 2005) and 

neurodegenerative diseases e.g. Alzheimer’s diseases (Takos and Rook, 2013). 

Anthraquinones are also familiar for their antimicrobial and antiparasitic proficiencies 

(Pieters and Vlietinck, 2005). Tannins and coumarins are also very worthy constituents of 

the plants and are well known due to their special roles as antioxidant, anticancer and 

antimicrobial (Chung et al., 1998; Hassanpour et al., 2011; Venugopala et al., 2013). 
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2.7.2. Antioxidant prospective of plants 

A flurry of explorative lines evidenced that plants are endowed with antioxidant 

proficiencies that are attributed to their phenolic and flavonoid contents. The 

antioxidative aptitude of the therapeutic plants and their derived compounds is directly 

correlated with their strength to quench the reactive radicals by donation of electron; 

ultimately lead to radical chain reaction termination. Antioxidant prospective of plants is 

demonstrated using various in vitro test systems based on radical scavenging assessments 

e.g. DPPH, ABTS, OH, H2O2, O2 and phosphomolybdate radical systems etc.  

For antioxidative demonstrations, DPPH serves as intoxicating source of radical 

fabrications that is used to test the antiradical influence of the plant. DPPH is considered 

as a stable radical but when accompanied with antioxidant, it can get reduced by 

contribution of electron from antioxidant moiety (Brand-Williams et al., 1995). A purple 

colored bleaching solution of DPPH act as radical donor and is often used to monitor the 

electron donating proficiency of the plant (Nunes et al., 2012). Extent of color change is 

allied with the strength and concentration of antioxidant moieties. 

In the circle of all reactive oxygen species, superoxide radical is placed at central 

point owing to its lethal oxidative nature (Alves et al., 2010). Of its own accord it is very 

weak radical but instigate extreme mutilation in cell by the fabrication of hydroxyl 

radical and singlet oxygen (Meyer and Isaksen, 1995). ABTS is also among deadly 

reactive radicals that can instigate extreme pathological manifestations. Fate of 

mechanism underlies the oxidation of ABTS to ABTS
+
 chromophore through reaction 

with potassium persulphate ultimately endures reduction by sample’s antioxidant. 

Demonstration of hydrogen peroxide scavenging capability is also significant clue to 

guess the antiradical aptitude of the plants. H2O2 is detrimental reactive oxygen radical 

which is very noxious; ultimately induce impairments in the cell. Basic mechanism 

involved the conversion of H2O2 into hydroxyl radical that may initiate lipid peroxidation 

and DNA mutations (Gulcin et al., 2003a). 

Estimation of lipid peroxidation and reducing power are critical to reveal the 

overall antioxidant asset of the plant. Lipids of cellular membranes are particularly 

vulnerable to oxidative liabilities. Lipid peroxidation by free radical results into the 

fabrication of poisonous aldehyde, malonaldehyde (MDA), which amalgamate with DNA 
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and cause mutation in the form of DNA adducts (Marnett, 2000; Dedon et al., 1998). 

Reducing power assessment is surveyed to gauge the overall antioxidant approach of 

extract. Plant antioxidants convert the Fe
+3

/ ferric cyanide complex to ferrous form by 

contributing their one electron. Whole mechanism turns the yellow color of solution to 

green. Intensity of color change is proportional to the concentration of antioxidant present 

in test sample.  

Munir et al. (2014) inspected the antioxidative character of Aconitum 

heterophyllum and Polygonum bistorta and they found that both medicinal plants were 

very active against DPPH radical and they attributed this prospective to the highly active 

antioxidant constituents present in the plants. Ifesan et al. (2013) investigated the 

antioxidant potencies of medicinal plants e.g. cashew, coconut, sweet orange, lemon and 

pawpaw through DPPH screening system and they concluded that antioxidant potencies 

of various plants were correlated with their total phenolic and flavonoid contents. 

Morakinyo et al. (2011) explored the in vitro antioxidant potential of Zingiber officinale 

via DPPH, ABTS and SOD radical systems along with lipid peroxidation. They 

concluded that plant was exhibiting strong antioxidant aptitude owing to its active 

components.  

2.7.3. Plants as antimicrobials 

Plant extracts and their derived compounds are bestowed with very efficient 

antimicrobial proficiencies which have been used prehistorically by the traditional 

healers. Many studies evidenced that various antibiotics were natural product oriented. 

Prompt onset of microbial resistance to antibiotics is the nasty challenge in the modern 

world that necessitates the consistent exploration of novel antibiotics for the effective 

management of infectious diseases (Ahmad and Beg, 2001). Secondary metabolites are 

very significant antimicrobials and can be considered as significant substitutes of 

antibiotics. To explore the antimicrobial potential of plant extracts and their derived 

components, both type of bacterial strains e.g. Gram positive and Gram negative bacteria, 

were considered and it was demonstrated that Gram negative bacteria were more 

challenging as compared to Gram positive bacteria (More et al., 2008).  

Rahman et al. (2013) evaluated the Leea indica leaf extract for its antimicrobial 

activity against bacterial strains (Bacillus subtilis, Bacillus megatarium, Bacillus cereus, 
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staphylococcus aureus, salmonella typhi, Salmonella paratyphi, Pseudomonas 

aeroginosa, Shigella dysenteriae, Vibrio cholera and Escherichia coli) along with some 

fungal strains (Aspergillus flavus, Candida albicans and Fusarium equisetii) and they 

found that plant was highly efficient in inhibiting the bacterial and fungal growth. In 

another antimicrobial screening, 28 medicinal plant extracts and oils were tested against 

Gram negative bacteria e.g. E. coli, Yersinia enterocolitica, Proteus spp and Klebsiella 

pneumoniae, and it was deduced that most plants were endowed with strong 

antimicrobial proficiencies (Al-Mariri and Safi, 2014).  

Various Egyptian medicinal plants e.g. Echinochloa stagnina, Pistia stratiotes 

and Nymphaea lotus were tested for their antibacterial efficacy against bacterial strains 

Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, 

Pseudomonas aeruginosa, Salmonella spp and Shigella spp. It was concluded that plants 

were very good in inhibiting the bacterial strains which was due to the presences of active 

phytochemicals e.g. phenolics, flavonoids, tannins and sterols (Daboor and Haroon, 

2012).  

2.7.4. Anticancer outcomes of plants 

Cancer is an extremely lethal malady that is the second leading cause of death in 

the world and cause serious health troubles e.g. physical disabilities, morbidities and 

mortalities all over the world (Sultana et al., 2011). World Health Organization (WHO) 

and World Cancer Research Fund (WCRF) declared that prevalence of cancer is still 

mounting predominantly due to various factors including environment, diet and 

carcinogenic viral infections (WHO, 2008; World Cancer Research Fund, 2007). From 

therapeutic point of view it is well recognized in plethora of research findings that plant 

are good contenders for the cancer chemoprevention and antiproliferative competencies. 

For cancer chemopreventive strategies, plant extracts and compounds are used against 

various enzymatic cancer markers e.g. nitric oxide synthase, NFκB, quinone reductase, 

aromatase etc. to explore their inhibitory effects (Khan et al., 2011c; Cuendet et al., 2006; 

Lonning, 2004). A number of cancer cell lines e.g. liver, breast, brain and lung cancer 

cell lines are used to evaluate the potential effects of plant extracts or their derived 

components in terms of antiproliferative probabilities.  
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Charoensin (2014) investigated that anticancer effects of Moringa oleifera leaves 

extracts against HepG2, MCF-7, Caco-2, Hepa-1c1c7 cell lines along with quinone 

reductase 1 (QR) and they confirmed that plant was highly active to mitigate the 

cancerous outcomes instigated by these cancer cell lines. They concluded that the plant 

was highly beneficial in cancer and can be used as alternative therapy for cancer. In 

another study protective potential of Origanum acutidens was explored against MCF-7, 

MDA-MB-468 and MDA-MB-231 breast cancer cell lines and it was concluded that 

plant was very efficient against these cell lines (Tuncer et al., 2013).  

Haq et al. (2013) inspected the anticancer prospective of six medicinal plants e.g. 

Withania coagulans, Euphorbia wallichii, Bergenia ciliate, Opuntia dillenii, Acer 

oblongfolium and Aster thomsonii. They examined the inhibitory effects against NFκB, 

aromatase, nitric oxide synthase along with quinone reductase induction and 

antiproliferative effects against MCF-7, LU-1, and MDA-MB-231 cancer cell lines. They 

concluded that all the plants were exhibiting good cancer chemopreventive and 

antiproliferative potential but Withania coagulans was best anticancer candidate among 

them.  

2.8. Free radicals and oxidative dilemma 

Reactive nitrogenous species (RNS) and reactive oxygen species (ROS) are 

considered to be generated during normal metabolical and physiological fate of 

mechanisms and by environmental factors e.g. air pollutants, cigarette smoke and 

carcinogenic chemicals and play multifaceted roles in living beings (Birben et al., 2012). 

Both these reactive moieties mediate “double dealings” either acting as friends or as foes 

depending upon their concentrations. ROS and RNS in low or moderated concentrations 

act as friends and beneficially mediate physiological roles by providing defense against 

infectious agents and also act as secondary messengers and cell signaling modulators in 

signaling pathways and instigation of mitogenic response.  

A large body of research has documented that ROS acts as secondary messengers 

in intracellular signaling cascades and instigate and maintain phenotypes of oncogenes of 

tumor cells, but it is also well accepted that ROS can act as anti-tumorigenic moiety by 

initiating apoptosis and cellular senescence. Deleterious outcomes of ROS/RNS are 

instigated by the overproduction of these species which cause an imbalance between 
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oxidants and antioxidants ultimately trigger oxidative stress in cell. Oxidative stress is 

linked with the deadly damage to cellular structural and functional integrity which 

involve damage to DNA, proteins, lipids and membranes (Valko et al., 2007). Oxidative 

dilemma is the root cause of many pathological anomalies e.g. cancer, atherosclerosis, 

diabetes, neurological disorders, hypertension, acute respiratory distress syndrome, 

asthma, chronic obstructive pulmonary disease, idiopathic pulmonary fibrosis and 

ischemic/perfusion (Berbin et al., 2012).  

2.9. CCl4 toxicity 

Being a model toxin, CCl4 is commonly used to induce acute and chronic toxicity 

in animal models by conducting comparative studies in a dose dependent manner (Thrall 

et al., 2000). Weber et al. (2003) investigated the acute dose effects on liver morphology 

and functionality that cause centrilobular abnormality and hepatic carcinoma. In a large 

scientific evidence of vivo chronic study conducted on rats, it was obvious that CCl4 

promotes liver fibrosis by deposition of extracellular matrix that is a leading cause of 

liver cirrhosis (Bahcecioglu et al., 2008), induce kidney dysfunction by altering the 

antioxidant biomarker and anomalies in renal microanatomy that are responsible for 

nephrotic toxicity (Venkatanarayana et al., 2012), along with pulmonary dysfunction by 

damage to alveoli and other structure of lungs (Khan et al., 2012e).  Anwar-Mohamed et 

al. (2012) reported the cardiac toxicity induced by CCl4 in rats whereas Abraham et al. 

(1999) determined the testicular injuries resulted by CCl4 intoxication in animals.  

2.9.1. CCl4 mode of action 

Being a model toxicant, CCl4 is regularly used in various in vivo investigations to 

study the effects of toxin at cellular and biochemical levels. CCl4 is mediated by 

cytochrome CYP2E1, CYP2B1, CYP2B2 or possibly by CYP3A to form a lethal radical, 

trichloromethyl radical (CCl3•), that instigate deadly outcomes by linking with 

biomolecules e.g. lipids, proteins and DNA. Trichloromethyl radical intertwined with 

DNA to form DNA adducts which is the root cause of carcinogenesis. Trichloromethyl 

radical can also interact with oxygen and form trichloromethylperoxyl radical (CCl3OO•) 

that is highly reactive and instigate lipid peroxidation. The phenomenon of lipid 

peroxidation leads to the destruction of polyunsaturated fatty acids along with disturbed 

permeabilities of endoplasmic reticulum, mitochondrial and plasma membranes 
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eventually bring about loss of calcium sequestration and homeostasis that trigger cell 

damage. Hypomethylation of RNA by CCl4 can inhibit the protein translation and by 

hypomethylation of phospholipids, CCl4 instigate inhibition of secretions of lipoprotein 

(Weber et al., 2003). 

2.9.2. CCl4 upshots at antioxidant enzymes 

CCl4 is a very potent toxicant that induces deleterious consequences in various 

organs (Adetoro et al., 2013). Nature has provided the living beings with enzymatic and 

non-enzymatic antioxidants confined to tissues e.g. catalase (CAT), peroxidase (POD), 

superoxide dismutase (SOD), glutathione-S-transferase (GST), glutathione reductase 

(GR), γ-glutamyl transferase (γ-GT) and reduced glutathione (GSH) along with serum 

antioxidant enzymes e.g. aspartate transaminase (AST), alanine transaminase (ALT), 

alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) etc. All these substances 

are potent antioxidants and revealed effective quenching proficiencies against various 

types of noxious radicals (Sahreen et al., 2011). These antioxidative enzymes are 

opulently present in all tissues and cells and are actively engaged if there is any threat of 

radicals. In the presence of oxyradicals, all these enzymes become active to detoxify the 

hazardous radicals by certain redox and neutralization mechanism, ultimately cause 

consumption of these active enzymes and subsequently marked diminution occurs in the 

levels of these antioxidant enzymes (Adewole et al., 2007). Abdel-Ghaffar (2013) 

evaluated the protective effects of Hibiscus rosasinensis in albino rats and they reported 

that CCl4 was very deadly hepatic toxicant that was a major challenge for all tissue and 

serum antioxidative enzymes e.g. CAT, POD, SOD, GST, GSH, AST, ALT etc. A 

marked decline in the levels of these protective enzymes evidenced the threatening nature 

of CCl4 that were ameliorated by plant administrations. 

Ahmad et al. (2013) noticed deleterious consequences of CCl4 on lung antioxidant 

enzymes while evaluating the ameliorating effect of Oxalis corniculata. They professed 

that rats administered with CCl4 were showing a distinct drop in the level of antioxidant 

enzymes e.g. CAT, SOD, POD, GST, γ-GT that suggested that CCl4 also provoked 

disastrous alterations in rat lungs. While exploring antioxidant prospective of curcumin 

and vitamin E, Venkatanarayana et al. (2012) investigated the fatal upshots of CCl4 on rat 

kidney. They concluded from their findings that CCl4 was very challenging toxicant for 
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kidney that diminished antioxidant enzymes found in rat kidney. Al-Olayan et al. (2014) 

also demonstrated the lethal results of CCl4 on antioxidant enzymes present in rat testis 

when they were investigating the curative prospective of Punica granatum 

(pomegranate). They described that level of antioxidant enzymes confined in rat testis 

were dropped off by radicals instigated by CCl4. These levels were enhanced by plant 

extracts. All these findings evidenced the deadliness and fatality instigated by CCl4 

mediated reactive radicals in animal tissues.  

2.9.3. CCl4 influences on biomolecules 

Beside the enzymatic and non-enzymatic antioxidative biomarkers, biomolecules 

e.g. DNA, lipids and proteins are also at high risk of radicals generated by metabolism of 

CCl4. As described earlier that CCl4 form reactive radicals of trichloromethyl and 

trichloromethylperoxyl radicals which have high tendency to interlink with DNA and 

lipids eventually results into DNA adducts and lipid peroxidation hazards that ultimately 

cause carcinogenesis (Weber et al., 2003).  

Elshater et al. (2013) studied the effects of CCl4 on proteins and lipids present in 

rat liver. They found that a decrease in the levels of proteins and lipid peroxidation were 

the obvious markers of poisoning instigated by CCl4. They found that intoxication 

mediated lethality was ameliorated appreciably by the administration of Solanum nigrum 

in rats. Huo et al. (2011) investigated the hazardous effects of CCl4 on animal liver and 

protections offered by Licorice extracts. They found that CCl4 was very dangerous for 

tissue proteins and lipids which were noticed by dropped level of proteins and a marked 

elevation in MDA contents in liver. CCl4 intoxications were also proved by Kamel et al. 

(2010) who evaluated the protective consequences of some antioxidants. They found that 

CCl4 instigated a clear diminution of total proteins, raised up levels of TBARS and severe 

DNA injuries in cells treated with toxin.  

2.9.4. CCl4 intoxication in histopathology 

It is well documented in huge research data conducted on animal models that 

CCl4 intoxications are also injurious for the cellular structures and instigate fatal 

histopathological manifestations. When administered in animal, it cause severe 

impairment in hepatic tissue e.g. cellular necrosis, apoptosis, fats deposition and 

inflammatory cell infiltrations (Althnaian et al., 2013) along with hepatic edema, 
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inflammation, dilated sinusoidal spaces and vascular congestion in hepatic tissue 

(Danladi et al., 2013). It is also demonstrated that CCl4 radicals instigate 

histopathological injuries in the kidney. Khan et al. (2009) reported that CCl4 cause 

ischemic environment in kidney tissue that cause cellular damage e.g. deterioration of 

membranal integrity, tubular degeneration, interstitial fibrosis etc.  

Ibrahim and Al-Shathly (2014) demonstrated that CCl4 also induces severe 

pulmonary dilemma initiated by its reactive radicals intermediates. This was observed 

that CCl4 cause pulmonary fibrosis, with increased inflammatory cells, deposition of 

collagen, dilation of blood vessels along with narrow lumen filled with RBCs. Ahmad et 

al. (2013) recorded deleterious alterations in lung tissues of animals treated with CCl4 e.g. 

degenerated alveolar septa, thickened alveolar walls, narrowness of alveolar space by 

inward folding of epithelium, and degenerated blood vessels. Sahreen et al. (2013b) 

documented the effects of CCl4 on rat testis and they found severe histological maladies 

e.g. disintegrated germ and Leydig cells, anomalous seminiferous tubules, thick basement 

membrane and disturbed spermatocytes.  



CHAPTER 3 
Material and Methods 
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MATERIAL AND METHODS  

For the phytochemical characterization of Carissa opaca and pharmacological 

studies of Dicliptera roxburghiana, diverse experimentations were followed in various in 

vitro and in vivo screening systems to approve their medicinal worth. 

Section A: Phytochemical characterization of Carissa opaca 

3.1. Plant material 

Carissa opaca was collected at maturity in March-April 2011 from Quaid-i-Azam 

University. Identity of C. opaca was certified by Dr. Saleem Ahmad, Curator at Pakistan 

Museum of Natural History, Islamabad. Voucher specimen of Carissa opaca 

(accession#24561) was submitted at Herbarium of Pakistan, situated at Museum of 

Natural History, Islamabad. Plants were shade dried (28±2°C) and leaves were finely 

pulverized to obtain dry powder using Willy Mill (60-mesh size). Powder was 

subsequently stored at room temperature to accomplish further explorations. 

3.2. Preparation of methanol extract 

Methanol was carefully chosen as the extraction solvent owing to its capability to 

dissolve and extract out enormous variety of compounds in it. Powder of C. opaca (2.0 

kg) leaves was dripped into methanol (4.0 L) in huge container followed by regular 

shaking for four days at average room temperature (28±2°C). Following filtration through 

Whatmann filter paper No. 45, the re-extraction of the residue was done twice in order to 

extract maximum compounds. Filtrate was dried at 40°C under a rotary vacuum 

evaporator (Panchun Scientific Co, Kaohsiung, Taiwan) to yield concentrated dry extract. 

Methanol crude extract of C. opaca yielded 500 g dark brown greasy material. 

3.3. Preparation of fractions 

Further fractions were derived by suspending 4.0 g of crude methanol extract 

(COME) in 200 ml distilled water. With the help of separating funnel, solution was then 

successively partitioned with n-hexane, chloroform, ethyl acetate and n-butanol in 

separating funnel in 1:1 ratio. Figure 3.1 describes that crude methanol extract of C. 

opaca (COME) yielded n-hexane (COHF), chloroform (COCF), ethyl acetate (COEF) 

and n-butanol fraction (COBF) along with residual aqueous fraction (COAF). All 

fractions were collected, dried and stored at 4°C (Kil et al., 2009). Fractionation was 

repeated to get the required quantity of each fraction necessary to run the column.  
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3.4. Bioassay-guided fractionation  

Bioassay guided fractionation is a significant way to specifically isolate and focus 

the bioactive components confined in the plant. For this purpose various fractions 

obtained through repeated column chromatography were subjected to DPPH screening 

system through TLC as well as spectrophotometrically. COHF, COCF, COEF, COBF 

and COAF were screened for DPPH radical scavenging potential and it was found COEF, 

COAF and COCF were very active. These three fractions were selected to unravel their 

active moieties.  

3.5. Thin layer chromatography 

Thin layer chromatography is a very familiar standard methodology used for the 

identification of components in a mixture. In this method sample was blotted on a TLC 

plate with the help of capillary tube and was placed in a chamber saturated with suitable 

mobile phase. Sample components move under the capillary action with the mobile phase 

along the length of the TLC plate according to the polarity of the components at different 

rates till they reached to solvent front. Rf value for each component was calculated as 

distance travelled by the component divided by the distance travelled by solvent. TLC 

plates were sprayed with DPPH and ammonia solutions to check the antioxidant behavior 

of the components which were confirmed by the appearance of bright yellow or green 

color spots when seen with either naked eye or under UV light. Beside this, TLC was 

highly advantageous for the selection of mobile phase used for the separation of specific 

components in column chromatography.  

3.6. Isolation and purification of components  

3.6.1. Isolation and purification of CEF3, CEF4 and CEF27 

Column chromatography was selected for the purification and isolation of 

components present in various fractions of crude extracts of COEF, COCF and COAF. In 

this practice a glass column (gravity) was packed with silica gel 60 (MERCK, Germany) 

designed with mesh size 70 - 230 as stationary phase. Samples were dissolved in their 

respective solvents because a wet method was adopted to run the column. Each sample 

was loaded onto the column and elution was done using the appropriate mobile phase to 

collect various fractions. The ethyl acetate fraction of C. opaca (COEF, 100 g) was 

subjected to column chromatography using gravity column packed with silica gel 60. 
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Sample was dissolved in appropriate solvent and was loaded through wet method. 

Different fractions were eluted with different combinations of mobile phase of n-hexane 

and ethyl acetate. With gradually increasing polarity of the mobile phase, column was 

started with 100% (v/v) n-hexane and then 90% (v/v) n-hexane-ethyl acetate and so on 

till 100% (v/v) ethyl acetate. Fractions of 250 ml were collected in glass vials to get 96 

fractions in total. These fractions were analyzed by TLC and were collected according to 

the same Rf value to get a total of 19 sub fraction. Combination scheme of COEF is 

shown in Table 3.1. All these sub fractions were analyzed for their antioxidant potential 

according to DPPH screening system.  

Depending on antioxidant behavior, three sub fractions CEFC, CEFK and CEFQ 

were selected for column chromatography. The samples (10 g) of all three sub fractions 

were loaded onto the gravity column surface and were eluted with different combinations 

of mobile phase which was comprised of n-hexane and ethyl acetate. Starting with 100% 

(v/v) n-hexane, following 1-99% (v/v) n-hexane-ethyl acetate and then 100% ethyl 

acetate, different fractions of 50 ml were collected and analyzed through TLC and DPPH 

screenings. CEFC, CEFK and CEFQ yielded total 15, 23 and 31 fractions respectively 

which were analyzed through TLC. Sub fraction CEF3 (307 mg, 100% n-hexane) 

obtained from CEFC, sub fraction CEF4 (876 mg, 80% n-hexane-ethyl acetate) obtained 

from CEFK and sub fraction CEF27 (319 mg, 20% n-hexane-ethyl acetate) yielded from 

CEFQ were selected for their further NMR and MS analysis due to high purity and 

antioxidant characteristics. Figure 3.2 describes the isolation and purification schemes of 

CEF3, CEF4 and CEF27 from ethyl acetate fraction of C. opaca (COEF). These all three 

fractions e.g. CEF3, CEF4 and CEF27 were concentrated using rotary evaporator and 

were stored at 4ºC in order to analyze through NMR and MS.  

3.6.2. Isolation and purification of CCF4 

Chloroform fraction of C. opaca (COCF, 50 g) was also subjected to column 

chromatography using gravity column packed with silica gel 60 as the stationary phase. 

Samples were dissolved in suitable solvent and loaded onto column through wet method.  

Using mobile phase of n-hexane-ethyl acetate, elution was started with 100% n-hexane to 

90%, 80% (v/v) n-hexane-ethyl acetate and so on till 100% ethyl acetate. Total 33 

fractions were collected which were screened through TLC. Similar fractions were 
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combined according to their same Rf value which yielded 8 fractions as shown in Table 

3.2. These fractions were tested for their DPPH radical scavenging activity and it was 

observed that CCFG was highly active and so was selected for further column 

chromatography. CCFG (10 g) was loaded in column packed with silica gel 60 and was 

eluted by using mobile phase n-hexane-ethyl acetate with gradually increasing polarity 

from 100% n-hexane to 90%, 80%, 70% (v/v) n-hexane-ethyl acetate and so on, finally 

100% ethyl acetate. Total 14 fractions were obtained which were screened through TLC 

to check their purity and were inspected through DPPH radical system to determine 

highly active antioxidant fractions. It was found that fraction CCF4 (478 mg) that was 

eluted with 80% (v/v) n-hexane was pure and was highly active as depicted in Figure 3.3. 

CCF4 was dried in rotary evaporator and was stored at 4ºC for further NMR and MS 

analysis.  

3.6.3. Isolation and purification of CAF12 

Aqueous fraction of C. opaca (COAF, 50 g) was also unraveled by column 

chromatography. For this purpose, silica gel packed column was loaded with sample 

through wet method with the help of mobile phase n-hexane-ethyl acetate and ethyl 

acetate-methanol. Elusion was started with 100% n-hexane and with gradual increase in 

polarity e.g. 90%, 80% (v/v) n-hexane-ethyl acetate and so on till 100% ethyl acetate 

along with 90%, 80% ethyl acetate-methanol till 100% methanol. This all scheme yielded 

total 42 fractions which were further analyzed using TLC. These fractions were 

combined according to similar Rf values to get total 10 fractions as summarized in Table 

3.3. These fractions were screened for their antioxidant capabilities through DPPH 

radical scavenging system. It was observed that fraction CAFC was highly active.  

CAFC (10 g) was also chromatographed on column with mobile phase of n-

hexane, ethyl acetate and methanol. Column was started with 100% n-hexane and gradual 

increase in polarity was achieved by increasing the ethyl acetate e.g. 90%, 80% (v/v) n-

hexane-ethyl acetate till 100% ethyl acetate. In the next step mobile phase was changed 

to ethyl acetate-methanol and fractions were eluted with 90%, 80% (v/v) ethyl acetate-

methanol till 100% methanol.  Total 14 fractions were collected each of 50 ml. These 

fractions were analyzed through TLC to get a clue for purity. All fractions were subjected 

to DPPH screening system to determine fractions with active antioxidant capabilities.  
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Figure 3.1. Fractionation scheme of methanol extract of C. opaca. 

 

Figure 3.2. Chemical characterization of ethyl acetate fraction of C. opaca (COEF). 
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Table 3.1. Combination scheme of fractions obtained from ethyl acetate fraction of C. 

opaca (COEF) through column chromatography. 

Serial No. 

Combination scheme of COEF 

Fractions 

combined 
Weight (g) Fraction name 

1 COEF1 - COEF4 2.87 CEFA 

2 COEF5 - COEF9 4.10 CEFB 

3 COEF10 - COEF15 10.92 CEFC 

4 COEF16 - COEF18 7.76 CEFD 

5 COEF19 - COEF23 1.41 CEFE 

6 COEF24 - COEF29 1.83 CEFF 

7 COEF30 - COEF34 1.97 CEFG 

8 COEF35 - COEF39 2.28 CEFH 

9 COEF40 - COEF42 1.16 CEFI 

10 COEF43 - COEF45 11.88 CEFJ 

11 COEF46 - COEF49 10.54 CEFK 

12 COEF50 - COEF54 3.82 CEFL 

13 COEF55 - COEF59 1.94 CEFM 

14 COEF60 - COEF64 4.55 CEFN 

15 COEF65 - COEF67 1.39 CEFO 

16 COEF68 - COEF71 1.56 CEFP 

17 COEF72 - COEF77 11.72 CEFQ 

18 COEF78 - COEF87 6.51 CEFR 

19 COEF88 - COEF96 1.96 CEFS 
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Table 3.2. Combination scheme of fractions obtained through column chromatography of 

chloroform fractions of C. opaca (COCF) 

Serial No. 

Combination scheme of COCF 

Fractions 

combined 
Weight (g) Fraction name 

1 COCF1 - COCF6 2.98 CCFA 

2 COCF7 - COCF9 5.27 CCFB 

3 COCF10 - COCF13 3.41 CCFC 

4 COCF14 - COCF18 0.86 CCFD 

5 COCF19 - COCF23 1.44 CCFE 

6 COCF24 - COCF27 13.63 CCFF 

7 COCF28 - COCF31 11.91 CCFG 

8 COCF32 - COCF33 6.32 CCFH 

 

Table 3.3. Combination scheme of fraction obtained through column chromatography of 

aqueous fraction of C. opaca (COAF) 

Serial No. 
Combination scheme of COAF 

Fractions combined Weight (g) Fraction name 

1 COAF1 - COAF4 5.82 CAFA 

2 COAF5 - COAF9 2.94 CAFB 

3 COAF10 - COAF14 11.22 CAFC 

4 COAF15 - COAF17 2.97 CAFD 

5 COAF18 - COAF22 3.65 CAFE 

6 COAF23 - COAF27 4.88 CAFF 

7 COAF28 - COAF31 13.32 CAFG 

8 COAF32 - COAF33 0.18 CAFH 

9 COAF34 - COAF36 2.59 CAFI 

10 COAF37 - COAF42 1.64 CAFJ 
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Figure 3.3. Isolation and purification of CCF4. 

 

 

Figure 3.4. Isolation and purification of CAF12. 
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Figure 3.5. Overall fractionation and isolation scheme from crude methanol 

extract of C. opaca. 
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It was found that fraction CAF12 (2.05 g) that was eluted with 20% (v/v) 

methanol and strongly active against DPPH radical (Figure 3.4). This fraction was dried 

in rotary vacuum evaporator and was stored at 4ºC for further analysis e.g. NMR and MS. 

3.7. Nuclear magnetic resonance spectroscopy (NMR) 

NMR analysis was practiced at NMR Facility situated at Chemistry Research 

Laboratory, University of Oxford, UK, under the kind supervision of Associate professor 

Dr. Timothy Claridge and under the precious guidelines of Dr. Barbara Odell. Purified 

fractions were analyzed through NMR for their structural elucidation. An amount of 10 

mg of each fraction was dissolved in different deuterated solvents e.g. CCF4, CEF4, 

CEF27 and CAF12 were prepared in methanol-d4 whereas CEF 3 was dissolved in 

chloroform-d. 1D and 2D NMR spectroscopy was performed at 400 MHz for 
1
H or at 500 

and 700 MHz (Bruker VIII 400 nanobay with BBFO SMART probe or Bruker AVII500 

with dual 
13

C cryoprobe, Germany) for 
13

C and others. 

3.8. Liquid chromatography mass spectrometry (LCMS) 

Molecular masses of the isolated compounds were determined through MS 

performed at mass spectrometry Facility situated at Chemistry Research Laboratory, 

University of Oxford, UK, under the kind supervision of Dr. James McCullagh. 

Molecular masses and molecular formulas were determined on micrOTOF liquid 

chromatography-mass spectrometer (Bruker, Germany). Samples were prepared in 

methanol and direct injection method was used. Samples were analyzed using positive 

(Na) and negative (H) ion modes. Injector temperature was adjusted to 180ºC. 

Methanol extract (COME) was also analyzed through LC/MS/MS to check and 

identify the compounds present in it. The instrument used for analysis of plant methanol 

extract was a Thermo Q-Exactive LC/MS system directly connected to a Dionex ultimate 

3000 UHPLC system. Xcaliber was the software controlling both systems and this was 

used to create LC/MS and LC/MS/MS methods. Methanol fraction (500 µg/ml) was 

analysed using a standard LC/MS gradient of 5 - 85% Acetonitrile over twenty minutes. 

Both mobile phases were acidified with 0.1% formic acid. For this purpose sample was 

analyzed through direct injection method and analyzed in positive ion mode.  

From this, several masses from sample were selected for fragmentation. These 

were decided upon by using the predicted elemental composition of the accurate mass to 
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guage the relevence of the ion. Data analysis used Mass Frontier to predict fragmentation 

patterns and match these to actual sample MS/MS patterns.The basepeak in the major 

chromatographic peaks were also fragmented. The fragmentation energies were 

calculated by monitoring a selected ion’s abundance as the NCE (normalised collision 

energy) was sweeped. The energy was then picked so approximately 10 - 20% of the 

parent ion remained. The confirmation of compound IDs was made using a combination 

of accurate mass analysis in conjunction with matching of actual and simulated 

fragmentation patterns. 

3.9. Gas chromatography mass spectrometry (GCMS) 

Gas chromatography mass spectrometry was carried out to further determine the 

volatile components present in the methanol extract of C. opaca. For this purpose 

analysis was carried out at thermo GC-trace ultra ver: 5.0, thermo MS DSQ 11 equipment 

fitted with ZB 5-MS capillary standard non polar column with dimensions 30 Mts and 

0.25 µm film. Helium was used as carrier gas with flow rate 1.0 ml/min. oven 

temperature was adjusted in such a way that initially it was 70ºC which raised to 260 at 6 

ºC/min. Injection volume was 1 µl. 

3.10. Biological screening of isolated compounds 

Isolated compounds, which were characterized by NMR, were further screened to 

demonstrate their biological activities.  

3.10.1. Antioxidant screening of compounds 

Samples were prepared by dissolving 1 mg/ml DMSO to form stock solutions. 

Samples were further diluted to get concentrations 6, 12, 25, 50 and 100 µg/ml. Various 

protocols were followed to demonstrate antioxidant screening which are described in next 

section 3.17. 

3.10.2. Antimicrobial screenings 

Samples were formed to obtain final concentrations of 6, 12, 25 and 50 µg/ml for 

antibacterial screening and 67 µg/ml was used to determine antifungal screening. 

Protocols followed for antibacterial and antifungal activities are mentioned in next 

section 3.18. 
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3.10.3. Cytotoxicity screenings through MTT assay 

To investigate cytotoxic potential of compounds, MTT assay was performed at 

the institute of Biomedical and Genetic Engineering, Islamabad, under the kind 

supervision of Dr. Rashda Abbasi. Protocol of Mossman (1983) was adopted for MTT 

assay to quantitatively assess cell viability with some modifications. In brief, human 

cervix adenocarcinoma (HeLa) cells were cultured in Roswell Park Memorial Institute 

(RPMI-1640) medium supplemented with FBS (10%), streptomycin (100 µg/ml) and 

penicillin (100 U/ml), at 37°C in 5% CO2 atmosphere under humidified conditions. 

15000 cells per well were seeded in a 96-well plate and were kept overnight allowed to 

adhere to the base of the plate. Cultures were treated with the compounds (300 µM) or 

their respective solvents i.e., methanol and chloroform for 24 h. Untreated cultures (NTC) 

were taken as control. Following addition of MTT (0.5 mg/ml), samples were further 

incubated at 37ºC for 4 h. MTT (yellow color) was converted to Formazan crystals 

(purple color) by the mitochondrial activity of the live cells. Formazan product was 

dissolved by adding equal amount of acidified 10% (w/v) SDS and further incubated at 

37ºC for 18 h. At 565 nm absorbance was read by using a microplate reader (AMP 

PLATOS R-496). The experiment was performed with triplicates for each sample. 

Percent viability was measured relative to the NTC sample using the following formula: 

% viability 

= [
Absorbance of test samples − Absorbance of the respective compound only sample

Absorbance of untreated sample −  Absorbance of culture media only sample
]

×  100 

Section B: In Vitro pharmacological studies of Dicliptera roxburghiana 

3.11. Plant material 

After attaining maturity, Dicliptera roxburghiana was collected during October-

November 2012 from the campus of Quaid-i-Azam University. Identity of D. 

roxburghiana was certified by Taxonomist Prof. Dr. Rizwana Aleem Qureshi, 

Department of Plant Sciences, Quaid-i-Azam University, Islamabad. Voucher specimen 

of D. roxburghiana (accession No. 125521) was submitted in the Herbarium of Pakistan, 

Quaid-i-Azam University Islamabad, Pakistan. Plant was dried under shade (28±2°C) and  
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Figure 3.6. Fractionation scheme of methanol extract of D. roxburghiana (DRME). 
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leaves were finely pulverized to attain dry powder in Willy Mill designed with 60-mesh 

size. Plant powder was kept at room temperature for further exploration. 

3.12. Preparation of methanol extract 

Powder of plant leaves (2.0 kg) was dripped in crude methanol (4.0 L) in 

container and was shaken on regular basis for four days at room temperature (28±2°C). 

Filtration was carried out through Whatmann filter paper No. 45 and the re-extraction of 

the residue was repeated twice. Plant filtrate was dried under rotary vacuum evaporator 

(Panchun Scientific Co, Kaohsiung, Taiwan) at 40°C to yield a concentrated dry extract. 

Methanol extract of D. roxburghiana (DRME) was obtained as dark green viscous 

material with yield of 200 g (10%). 

3.13. Preparation of fractions 

Further fractions were derived by adopting the similar methodology as described 

in section 3.3. Figure 3.6 describes that crude methanol extract of D. roxburghiana 

(DRME) yielded n-hexane (DRHF: 4.7%), chloroform (DRCF: 4.2%), ethyl acetate 

(DREF: 5.8%) and n-butanol fraction (DRBF: 6.7%) along with residual aqueous fraction 

(DRAF: 8.6%). All fractions were concentrated and stored at 4°C (Kil et al., 2009). 

3.14. Preliminary phytochemical screenings (Qualitative analysis) 

Preliminary phytochemical screening of D. roxburghiana was demonstrated by 

following various qualitative assessments to certify the presence of phenolics, flavonoids, 

coumarines, saponins, terpenoids, tannins, phlobatannins, anthraquinones and alkaloids. 

3.14.1. Flavonoid screening 

Sample (25 mg) was mixed with distilled water (50 ml) and filtered. A volume of 

10 ml of filtrate obtained was combined with dilute ammonia solution (5 ml) following 

subsequent addition of few drops of concentrated H2SO4. Yellow color was indicative of 

the occurrence of flavonoids (Sofowara, 1993).  

3.14.2. Alkaloid screening 

Alkaloidal screening was determined by adopting the protocol of Farnsworth and 

Euler (1962) with few modifications. Extract (500 mg) was moistened with Ca(OH)2 

solution (40%) to eliminate phenolic acids and tannins. Re-extraction was done with the 

chloroform (10 ml) twice and filtrate was concentrated. Addition of aqueous acid solution 

to the concentrated extract yielded alkaloidal salts which were soluble in aqueous layer 
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and impurities present in the organic phase were separated. Treatment of aqueous layer 

with ammonia solution led to the precipitation of alkaloidal salts which were alkaline to 

litmus paper. Extract was also treated with Dragendroff’s reagent. Appearance of dark 

orangish red color was the validation of alkaloids occurrence. 

3.14.3. Saponins screening 

Saponins present in sample were identified according to the practice of Wall et al. 

(1952). Blood standardization was accomplished to obtain red blood cell suspension. 

Extract (1 ml) was added to standardized blood suspension (10 ml) and was set aside at 

room temperature (28±2°C). After 5 min, complete hemolysis of red blood cells was 

attained which was reflected as a signal for saponins presence. 

3.13.4. Terpenoids screening 

Little amount of sample (5 mg) was added to 5 ml distilled water. 2 ml of 

chloroform was combined to the mixture along with successive addition of 3 ml H2SO4. 

A reddish brown line then appeared and was considered as a hint for existence of 

terpenoids (Harborne, 1973).  

3.14.5. Coumarins screening 

Appreciable quantity of sample (300 mg) was put into a test tube enclosed with 

filter paper moistened with NaOH (1 N). For a few min, test tubes were sited in a boiling 

water bath. Subsequently filter paper was visualized under UV light and coumarin 

existence was certified by yellow fluorescence (Trease and Evans, 1989). Another 

confirmatory assessment was also demonstrated; filter paper was sprayed with β-

aminoethylester and phenyl boric acid (Stahl and Schorn, 1961) and the occurrence of 

coumarins was determined. 

3.14.6. Tannins screening 

An amount of 50 mg of sample was mixed with 20 ml distilled water and filtered. 

FeCl3 (few drops) was added to the filtrate and incidence of tannins was ascertained by 

appearance of brownish green color (Sofowara, 1993). Filtrate paper was also sprayed 

with basic lead acetate solution (two drops). Appearance of white precipitates was 

ascribed to the tannins present in the sample (Katoch et al., 2013).  
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3.14.7. Cardiac glycosides screening 

An aliquot of 5 ml sample (10 mg/ml) was treated with glacial acetic acid (2 ml) 

that contain one drop of FeCl3 solution. After that 1 ml of concentrated H2SO4 was 

combined to form a clear layer. Formation of a white ring at the interface was an 

evidence of deoxy sugars which are characteristics of cardiac glycosides (Trease and 

Evans, 1989).   

3.14.8. Phlobatannins screening 

Protocol of Trease and Evans (1989) was followed for phlobatannins 

determination. Fraction sample (80 mg) was boiled in aqueous HCl (1%) subsequently 

developed red precipitates which were indication of phlobatannins.  

3.14.9. Anthraquinones screening  

Fraction sample (200 mg) was boiled with 1% (v/v) HCl (6 ml) and then was 

filtered. Following addition of 5 ml of benzene, filtrate was shaken well. NH4OH (10%) 

was added to the acidic layer. Pinkish violet color than appeared confirmed the presence 

of anthraquinones (Trease and Evans, 1989).  

3.14.10. Phenolic screening 

 For this purpose, protocol of Mahadevan and Sridhar (1996) was adopted. Sample 

fraction (50 mg) was dissolved in distilled water (5 ml). Few drops of neutral ferric 

chloride (5%) were added to this solution. A dark green color appeared which was the 

indication for the presence of phenolic compounds. Another test was also performed for 

phenolics confirmation. Sample (50 mg/5 ml distilled water) solution was treated with 

lead acetate (3 ml, 10%). Bulky white precipitates were formed which were the indication 

of phenolic compounds present in the sample.  

3.15. Quantitative analysis 

Flavonoids and phenolic contents present in each fraction of D. roxburghiana 

were selected for quantifications.  

3.15.1. Total polyphenolic contents quantification 

Total polyphenolic contents were demonstrated spectrophotometrically according 

to Bursal and Gulcin (2011) methodology. Extract (1 ml) was dissolved in 9 ml of 

distilled water. Folin-Ciocalteu’s phenol reagent (1 ml) was added to the mixture 

followed mixing of 7% Na2CO3 solution (10 ml). The blend was diluted 25 times with 
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deionized distilled water. After 90 min, absorbance at 750 nm was recorded. Gallic acid 

(0–100 mg/ml) was used to plot standard curve. The calculated total polyphenolics were 

expressed as mg Gallic acid equivalents (GAE) per g of dried sample. 

3.15.2. Total flavonoids contents quantification 

Total flavonoid contents were assessed by following the practice of Park et al. 

(2008). For this determination, 0.3 ml extract, methanol (3.4 ml, 30%), NaNO2 (0.5 M, 

0.15 ml) and AlCl3.6H2O (0.3 M, 0.1 ml) were well mixed in a test tube. After 6 min, 

NaOH (1 M, 1 ml) was combined with the mixture. Absorbance was noticed at 506 nm. 

Rutin solution (0–100 mg/L) was used to develop standard curve of total flavonoids. 

Total flavonoids were measured as mg of rutin equivalent/g of dried sample. 

3.16. GCMS studies 

Methanol fraction was subjected to gas chromatography mass spectrometry and 

conditions were same as described in the section 3.9. 

3.17. Investigation of in vitro antioxidant potential 

Each extract and derived fraction (2 mg) was dissolved in 2 ml methanol to form 

stock solutions. Then further dilutions of various concentrations (20, 50, 100, 150, 200 

and 250 μg/ml) of each fraction were prepared. 

3.17.1. 1,1-Diphenyl-2-Picrylhydrazyl (DPPH) radical quenching activity  

DPPH radical scavenging assay was practiced by adopting procedure of Brand-

Willium et al. (1995). For this determination, 0.1 M DPPH (1, 1- diphenyl-2-

picrylhydrazyl) solution was prepared using analytical methanol with subsequent 

absorbance adjustment of 0.95 at 515 nm. Sample (100 μl) was added to DPPH solution 

(1 ml) following incubation at 37°C for 30 min. Methanol was taken as control. After 30 

min absorbance was recorded at 515 nm. Ascorbic acid was used as standard. DPPH 

scavenging activity was determined according to following formula and IC50 was 

calculated. 

Inhibition % = [
Absorbance of control − Absorbance of the  sample

Absorbance of control
] ×  100 
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3.17.2. Azino-bis (3-ethylbanzthiazoline-6- sulphonic acid (ABTS) radical quenching 

activity 

Experimental practice of Re et al. (1999) was considered for estimation of ABTS 

radical scavenging activity. ABTS solution (7 mM) was mixed with potassium 

oxidopersulphate (2.45 mM) solution and was sited in the dark for 12–16 h to attain a 

dark colored ABTS working solution. The solution was diluted with methanol (50%) 

subsequently at 734 nm absorbance was adjusted at 0.7 (±0.02). Sample (100 μl) was 

mixed with ABTS working solution (1000 μl) and the decline in absorbance was recorded 

1 min after mixing the sample and then up to 6 min. Percentage inhibition was 

determined using following formula: 

Inhibition % = [
Absorbance of control − Absorbance of the  sample

Absorbance of control
] ×  100 

3.17.3. Phosphomolybdate radical quenching assay 

This assessment was achieved according to the experimental protocol of 

Umamaheswari and Chatterjee (2008). Working reagent was made by combining 

ammonium molybdate (4 mM), H2SO4 (0.6 M) and sodium phosphate (28 mM). Sample 

(100 μl) was added to working reagent (1 ml) and sited in water bath at 95°C for 90 min. 

When the mixture was cool down at room temperature; absorbance was recorded at 765 

nm against a blank. Ascorbic acid was run as a standard. Antioxidant proficiency was 

determined according to following formula: 

Antioxidant effect % = [
Absorbance of control − Absorbance of the  sample

Absorbance of control
] ×  100 

3.17.4. Superoxide anion radical quenching assay 

Protocol practiced by Beauchamp and Fridovich (1971) was followed to inspect 

the O2 quenching potential. Phosphate buffer (0.5 ml, 50 mM, pH 7.6), riboflavin (0.3 ml, 

50 mM), PMS (0.25 ml, 20 mM) and NBT (0.1 ml, 0.5 mM) were well mixed to make a 

reaction solution. Sample (100 μl) was treated with reaction solution (1 ml) and mixture 

was located under fluorescent lamp for 20 min. Absorbance was analyzed at 560 nm. 

Ascorbic acid was considered as standard. The percent inhibition of O2 anion generation 

was predicted by following formula: 
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Scavenging activity % = [
1 − Absorbance of the  sample

Absorbance of control
] ×  100 

3.17.5. Hydrogen peroxide radical quenching assay 

This proficiency was gauged by following the procedure practiced by Ruch et al. 

(1989). H2O2 solution (2 mM) was formed using phosphate buffer (50 mM, pH 7.4). 

Sample (100 μl) was mixed with phosphate buffer (400 μl) and H2O2 (600 μl). Reaction 

solution was vortexed and incubation for 10 min was done at room temperature and then 

absorbance was examined at 230 nm. H2O2 scavenging aptitude was calculated by 

following formula: 

Scavenging activity % = [
1 − Absorbance of the  sample

Absorbance of control
] ×  100 

3.17.6. Hydroxyl radical quenching assay 

The OH radical quenching proficiency was assessed according to the protocol of 

Halliwell and Gutteridge (1981). Reaction solution comprised of 2- deoxyribose (500 ml, 

2.8 mM) in phosphate buffer (50 mM, pH 7.4), ferric chloride (200 ml, 100 mM) solution 

(1:1; v/v), H2O2 (100 ml, 200 mM) and sample extract (100 ml). Ascorbate 100 ml (300 

mM) was added to the reaction solution and incubated at 37°C for 1 h. TBA solution 1 ml 

(1%; w/v in 50 mM NaOH) and 1 ml TCA (2.8%; w/v aqueous solution) were added to 

the reaction solution. Reaction solution was heated in boiling water bath for 15 min and 

then was allowed to cool. At 532 nm absorbance was read and OH quenching capability 

was determined as follow: 

Scavenging activity % = [
1 − Absorbance of the  sample

Absorbance of control
] ×  100 

3.17.7. Reducing power assay 

Reducing power aptitude was assessed by following the methodology practiced 

by Gulcin et al. (2011). Phosphate buffer (2 ml, 0.2 M, pH 6.6), sample (2 ml) and 

potassium ferricynide (2 ml, 10 mg/ml) were well mixed and placed for incubation at 

50°C for 20 min. Later on, TCA (2 ml, 100 mg/ml) was added into the mixture. This 

mixture (2 ml) was mixed with distilled water (2 ml) and ferric chloride (0.4 ml, 0.1%; 

w/v). At 700 nm absorbance was recorded after 10 min and subsequent rising trend in 

absorbance was indication of strong reducing power capability. 
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3.17.8. In vitro lipid peroxidation assay at chicken liver 

A mature healthy chicken was killed; liver was detached and washed with saline 

(0.9%). The fresh liver tissue was homogenized in buffer with pH 7.4 (0.174 M KCl and 

0.25 mM Tris HCl) as mentioned by Hunter et al. (1964). The study protocol for the 

animal care and experimentation was permitted by Ethical Committee of Quaid-i-Azam 

University, Islamabad. Lipid peroxidation assessment was demonstrated by following the 

protocol practiced by Iqbal et al. (1996). Phosphate buffer (0.58 ml, 0.1 M; pH 7.4), 200 

μl sample, liver homogenate (200 μl) and ferric chloride (20 μl, 100 mM) were combined 

to form mixture which was placed for 1 h in a shaking water bath at 37°C. Reaction was 

terminated by addition of TCA (1 ml, 10%). Subsequently TBA (1 ml, 0.67%) was mixed 

in all the tubes which were then placed in boiling water bath. After 20 min, test tubes 

were transferred to crushed ice bath and were centrifuged for 10 min at 2500 × g. 

Absorbance of the supernatant was noticed at 535 nm and was calculated as nM 

MDA/min/mg tissue by using molar extinction coefficient of 1.56×10
5
 /M/cm. 

3.18. Antimicrobial screening 

3.18.1. Antibacterial screening 

All fractions of D. roxburghiana were tested for their efficacy to inhibit bacterial 

growth according to the protocol of Bagamboula et al. (2003). Various Gram positive and 

Gram negative bacterial strains were used e.g. Staphylococcus aureus (ATCC 6538), 

Bacillus subtilis (ATCC 6633), Micrococcus luteus (ATCC 10240) were taken as Gram 

positive strains whereas for Gram negative bacterial inhibition testing, Escherichia coli 

(ATCC 15224), Salmonella typhi (ATCC 0650), Klebsiella pneumoniae (MTCC 618) 

were used. 

All fractions were dissolved in DMSO to get a stock solution of 100 mg/10 ml. 

Further dilutions were prepared from this stock solution in a concentration range 15, 12, 

10, 7, 5 and 3 mg/ml. In this screening nutrient broth medium (MERCK) was selected for 

inoculum development and nutrient agar medium was used for bacterial growth. 

Composition of both media was similar to some extent e.g. both contain peptone (5 g/ml) 

and meat extract (3 g/ml) but agar-agar (12 g/ml) was an additional component in nutrient 

agar medium. Nutrient broth and nutrient agar media were prepared by mixing nutrient 

broth (0.8 g/100 ml) and nutrient agar (2 g/100 ml) in distilled H2O (pH 7.0) and were 
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autoclaved. For the comparison of turbidity acquired by bacterial cultures, McFarland 0.5 

BaSO4 was considered as turbidity standard. This standard was made by mixing 0.048 M 

BaCl2 (0.5 ml) with 0.36 N H2SO4 (99.5 ml). The prepared standard (4-6 ml) was poured 

in screw capped test tubes and was helpful for turbidity comparison.  

Preserved cultures of bacterial strains were used for inoculum development. 

Culture of each strain (1 ml) was taken in respective test tube filled with 10 ml of nutrient 

broth and was tightly packed before placing at 4ºC. After 24 h, cultures were mixed with 

physiological saline (0.9% NaCl) and accurate turbidity was maintained by adding saline 

in culture. After attaining the turbidity as that was of 0.5 BaSO4 turbidity standard (10
6
 

colony forming unit, CFU, per ml density), cultures were ready for seeding.  

Autoclaved nutrient agar medium was cooled to 45ºC and was seeded with 

prepared inoculum (1 ml). Seeded agar medium (75 ml) was poured into petri plates (14 

cm) and was placed for solidification. Eight wells were formed in seeded agar with the 

help of cork borer (8 mm). Sample (100 µl) was added in respective well along with 

DMSO and erythromycin (1 mg/ml) as negative and positive control respectively. Next 

and final step was the incubation of these plates at 37ºC for 24 h. Experiment was 

performed on triplicate plates. Zones of inhibition were measured around each well for 

the justifications of inhibitory potency of test sample to impede bacterial growth.  

3.18.2. Antifungal screening 

To determine the antifungal potency of plant, agar slant method was used 

(Duraipandiyan and Ignacimuthu, 2009) against four fungal strains e.g. Aspergillus niger 

(0198), Aspergillus fumigatus (66), Aspergillus flavus (0064) and Fusarium solani 

(0300). Each fraction (12 mg/ml) was dissolved in DMSO to obtain final concentration of 

200 µg/ml. DMSO and terbinafine (12 mg/ml) were considered as negative and positive 

control respectively.  

For fungal inoculum preparation, sabouraud dextrose agar (MERCK) was taken 

with composition peptone (10 g/l), agar (15 g/l) and glucose (40 g/l). Medium for fungus 

was made by mixing 6.5 g/100 ml distilled H2O with pH 5.6. Marked test tubes (10 cm) 

were filled with 4 ml of sabouraud dextrose agar medium, sealed with cotton plugs and 

were autoclaved. After cooling the media, sample (67 µl) was pipetted into test tubes, 

mixed well and tubes were placed in slanting style to solidify the media at room 
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temperature. Solidified medium was seeded with inoculum taken from one week old 

fungal culture. Finally incubation was done by placing test tubes at 28ºC for seven days. 

Linear growth of fungus in test tube was measured and percentage inhibition was 

calculated as  

Inhibition % = [
100 − Linear growth in test (mm)

Linear growth in control (mm)
] ×  100 

3.19. Anticancer screening  

Anticancer screenings were performed under the kind supervision of Dr. John M 

Pezzuto at College of Pharmacy, University of Hawaii, Hilo, USA.  

3.19.1. Inhibition of TNF-α induced NFκB 

To demonstrate this proficiency, 293/NFκB-Luc HEK cells were maintained in 

Dulbecco’s Modified Eagle medium accompanied with antibiotic and fetal bovine serum 

(10%). On 96-well plate, cells were seeded in such a way that there were 2×10
4
 cells in 

200 µl. Following incubation at 37ºC for 48 h with 5% CO2, medium was changed 

subsequently and 20 µg/ml samples were loaded. 10 ng/ml of TNF-α was added and 

incubated for 6 h. Following washing of cells with PBS and addition of 50 µl of 1X 

reporter lysis buffer, cells were exposed to one freeze/thaw cycle (-80ºC/37ºC). Inhibition 

was recorded by luminometer using luciferase assay system.  Percent inhibition were 

calculated and samples which were displaying % inhibition more than 70 at 20 µg/ml 

were selected to check their response in dose dependent manner to determine IC50 

(Hoshino et al., 2010). To compare with positive control, N-tosyl-L-

phenylalanylchloromethyl ketone (TPCK) and (E)-3-(4-Methylphenylsulfonyl)-2-

propenenenitrile (BAY-11) were used. Cytotoxic effects were determined by 

sulforhodamine B (SRB) procedure which is described later.  

3.19.2. Assessment of aromatase inhibition 

Protocol designed by Maiti et al. (2007) was followed to demonstrate aromatase 

inhibition. Samples were incubated at 37ºC for 30 min with NADPH regenerating 

system. Following addition of substrate and enzyme mixture, the plate was placed for 

incubation at 37ºC for 10 min before quenching with NaOH. Subsequent reaction 

termination and 5 min shaking, plate was placed for incubation at 37ºC for 2 h to 

augment the ratio of signal to background. Florescence was analyzed at 485 nm and 530 
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nm for excitation and emission respectively. Naringenin was used as positive control 

(IC50=0.23 µM). IC50 and dose response curves of samples were measured in two 

independent experiments using 5 concentrations of sample tested.  

3.19.3. LPS-instigated NO production inhibition (iNOS assessment)  

For demonstration of nitrite assay, protocol of Park et al. (2011) was adopted. 

Raw 264.7 cells (10×10
4
 cells per well) were maintained in DMEM accompanied with 

FBS (10%).  These cells were seeded onto 96-well plates and were kept for incubation for 

24 h. After that, media was replaced with 1% FBS (190 µl) comprised phenol red free 

DMEM. 10 µl sample in DMSO (10%) was used to treat the cells for 15 min, 

subsequently followed by LPS treatment (1 µg/ml) for 20 h. Nitrite formed were 

quantified to monitor the effects of tested samples on biosynthesis of NO. The amount of 

nitrite, the major oxidized metabolite of NO, was measured to evaluate the effects of 

samples on NO biosynthesis. 100 µl of incubation media was shifted to 96-well plate to 

gauge the reaction with Griess reagent [90 µl sulfanilamide (1%) in phosphoric acid (5%) 

and 90 µl N-(1-naphthyl) ethylenediamine] and absorbance was recorded at 540 nm.  

Test sample with inhibition more than 70% at 20 µg/ml were selected to screen IC50 at 

three fold serial dilutions. Cytotoxicity capabilities of samples were gauged by SRB 

assay.  

3.19.4. Quinone reductase 1 monitoring 

For quinone reductase monitoring, murine hepatoma (Hepa1c1c7) cells were 

used. Cells (200µl, 0.5×10
4
 cells/ml) were plated using minimum essential medium 

(MEM-α) lacking ribonucleoside or deoxyribonuceosides and supplemented with FBS 

(10%) and antibiotic/antimycotics. Incubation was done using CO2 incubator for 24 h, 

and medium was replaced with fresh medium (190 µl). Test samples (10 µl) were added 

with 20 µg/ml as final concentration and placed for incubation for 48 h. Digitonin was 

taken to permeabilize cell membranes  and enzyme activity was monitored by analyzing 

reduction of MMT [3-4,5-dimethylthiazo-2-yl)-2,5-diphenyltetrazolium bromide] to a 

blue formazan. Following absorbance at 595 nm, production was determined (Song et al., 

1999). Using crystal violet staining, total proteins determination was carried out at the 

same time (Su et al., 2003). To make comparison with positive control, 4’-Bromoflavone 

(CD= 0.01 µM) was used. Samples with induction ratio more than 2 at 20 µg/ml were 
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considered active and were monitored for their CD values determined in five-fold serial 

dilutions.  

3.19.5. Sulforhodamine B assay (SRB) 

According to You et al. (1995), SRB is a colorimetric assay used to demonstrate 

the cytotoxic capabilities of multiple cancer cell lines e.g. hormone responsive breast 

cancer cell lines MCF-7 (ATCC #HTB-22), estrogen receptor negative breast cancer cell 

lines MDA-MB-231 (ATCC #HTB-26), murine hepatoma cells Hepa1c1c7 (ATCC 

#CRL-2026), human neuroblastoma cells SK-N-SH (ATCC #HTB 11) and 

neuroblastoma cells MYCN-2. Test sample (10 µl) in DMSO (10%) and PBS were 

shifted to 96-well plates along with 190 µl cells (5×10
4
 cells/ml). Plates were incubated at 

37ºC for 72 h in CO2 incubator and reaction was terminated with the addition of TCA (50 

µl, 20%). Following washing, cells were dried and stained with SRB (0.4%) in acetic 

acid (1%) at room temperature for 30 min. Following washing with acetic acid (1%) for 

four times, plates were dried overnight. Bound dye was solubilized with Tris base (200 

µl, 10 mM, pH 10) on a gyratory shaker for 10 min. At 515 nm, optical density was 

recorded at micro-plate reader and percent survival was calculated. A zero-day control 

was performed in each case following addition of equal quantity of cells in sixteen wells, 

with subsequent incubation for 30 min at 37ºC and was processed as mentioned earlier. 

Cell survival percentage was investigated. 

Section C: In vivo pharmacological studies of D. roxburghiana  

3.20. In vivo pharmacological evaluation of D. roxburghiana on mice 

For in vivo investigation, protective effect of methanol extract of D. roxburghiana 

(DRME) was scrutinized on various mice organs e.g. liver, kidney, heart, lungs and testis 

against the intoxications instigated by common toxin, CCl4.  

3.20.1. Mice as animal model 

Eighty four Balb C male mice were chosen with an average weight of 200±10 g. 

These mice were placed at room temperature 25±3ºC with alternative dark/light cycles of 

12 h at Primate Facility available at Quaid-i-Azam University, Islamabad and were 

properly nourished with laboratory feed and fresh tap water ad libitum. The study 

procedure for the animal care and experimentation was adopted after getting approval by 

Ethical Committee of Quaid-i-Azam University, Islamabad.  
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3.20.2. Dose estimation  

Before performing the experiment , dose was estimated from low concentration to 

high concentration to observe the toxicity in male mice. For this purpose seven groups 

were formed comprising 6 mice ( 200±10 g) in each group. These mice were kept fasting 

for 12 h providing only water. After 12 h Group 1, II, III, IV, V, VI  and VII  were 

administerd with 20, 40, 60, 100, 200, 300 and 400 mg/kg DRME intragastrically and 

were kept under observation for 10 days to monitor the toxicity and mortality (Sahreen et 

al., 2011). No any sign of mortality was seen in the groups I, II, III and IV which were 

administered with low doses of DRME. Mice in the Gropus V, VI and VII were noticed 

for some abnormal behavior with some signs of mortality and abnormality as summarised 

in Table 3.4. On the basis of this dose estimation experiment, 40 and 60 mg/kg b.w. doses 

of DRME were selected for the in vivo experiment.  

3.20.3. Experimental plan and dose management 

To evaluate the in vivo antioxidant effect of plant, seven groups of Balb C male 

mice were formed. These mice were group housed with six mice in each. All the groups 

were kept at room temperature and were fed with ordinary food and normal water ad 

libitum for three days to acclimitize with laboratory conditions. After 72 h, all the groups 

were treated with their respective alternate doses for 30 days. 

Group I was considered as control whereas group II was treated intraperitoneally 

with DMSO (1 ml/kg b.w.) and olive oil (1 ml/kg b.w.). Group III was administered with 

only CCl4 intraperitoneally (1 ml/kg b.w; 20% in olive oil). Group IV was injected with 

CCl4 and silymarin (50 mg/kg b.w.). Group V and VI were treated with CCl4 along with 

intraperitoneally injected DRME (40; 60 mg/kg b.w.) Group VII was treated alone with 

DRME (60 mg/kg b.w.). 

3.20.4. Dissection and organ preservation 

After completion of thirty days of experiment, all mice were kept on normal feed 

without any treatment for one day before dissection. Following 24 h after last treatment, 

urine was collected and was stored at -70ºC for further analytical purposes.  

Mice were given chloroform anesthesia prior to dissection. Blood was collected 

from heart and poured into vacutainer vials and was further processed to get serum which 

was saved at -70ºC. All the organs of interests e.g. liver, kidney, heart, lung and testis  
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Table 3.4. Effect of different doses of DRME on Balb C male mice’s behavior. 

Group No. and  

Doses 

Changes in mice behaviour and mortality 

Mice 

1 

Mice 

2 

Mice 

3 

Mice 

4 

Mice 

5 

Mice 

6 

I (20 mg/kg b.w.) Active Active Active Active Active Active 

II (40 mg/kg b.w.) Active Active Active Active Active Active 

III (60 mg/kg b.w.) Active Active Active Active Active Active 

IV (100 mg/kg b.w.) Active Active Active Active Active Active 

V (200 mg/kg b.w.) Active Active Active Dull Active Active 

VI (300 mg/kg b.w.) Active Dull Active Dull Active Dull 

VII (400 mg/kg b.w.) Active Dead Dull Dead Active Dull 
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were removed and washed with ice-cold saline and weighted. After weighting, half of all 

organs were processed for histological procedures and remaining half were treated with 

liquid nitrogen and were placed at -80ºC for biochemical and biomolecular analysis.  

3.20.5. Histological processing 

In order to inspect the histology of tissues of all treated groups, the small tissue 

pieces were treated with fixative sera for 3 to 4 h and dehydrated with alcohol (80%, 90% 

and 100%). After embedding in paraplast, microtomy was performed and thin slices of 

3µm – 5µm were cut off; after wax removal, subsequent staining with hematoxyline and 

eosine was done. Compound microscope (DIALUX 20EB) at a magnification of 10x and 

40x was used to examined and photographed the sections.  

3.20.6. Biochemical analysis 

3.20.6.1. Urine biophysical analysis 

Standard diagnostic kits (Mediscreen Urine strips, Orgenics, France) were used 

for physical screenings of urine e.g. urobilinogen, red and white blood cells count, pH, 

and specific gravity. 

3.20.6.2. Urine and serum biochemical analysis 

Total proteins, urea, creatinine, albumin were estimated by various standard kits.  

3.20.6.2.1. Total proteins estimation 

Total proteins of serum and urine were analyzed by AMP diagnostic company kit 

(biuret method). Sample (10 µl) or standard (10 µl) were mixed with 1 ml reagent 

(potassium sodium tartrate, potassium iodide, sodium hydroxide and copper sulphate). 

Distilled water was taken as blank. Mixture was subjected to 10 min incubation at 37ºC 

and optical density (550 nm) was recorded. Total proteins were calculated as: 

OD of sample/ OD of standard) × n, where n denotes standard concentration 

3.20.6.2.2. Albumin estimation 

Urine and serum albumin was estimated by colorimetric determination by using 

bromocresol green (pH 4.2) via AMP diagnostic kit.  

A volume of 10 µl sample or standard (bovine albumin) was added with 1 ml 

reagent containing bromocresol green, Brij 35 and succinate buffer. Distilled H2O was 

used as blank. Following incubation for 5 min at 37ºC, optical density (628 nm) was 

measured. Albumin was determined through: 
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(OD of sample/ OD of standard) × n, where n stands for standard concentration.  

3.20.6.2.3. Globulin estimation 

Globulin was estimated by following formula: Total proteins – albumin. 

3.20.6.2.4. Urea estimation 

Urea was estimated by AMP diagnostic company kit. Blood, urine and standard 

(each 10µl) were mixed with 1 ml reagent (urease, Tris buffer, α-ketoglutarate, GIDH 

and ADP). Optical density (340 nm) was recorded after every 30 sec till 90 sec. Urea was 

calculated as  

OD of sample/ OD of standard) × n, where n stands for standard concentration.  

3.20.6.2.5. Creatinine estimation 

Creatinine was also measured by AMP diagnostic kit method. Working reagent (1 

ml) was mixed with sample (100 µl) or standard. OD was noticed at 500 nm after 25 sec 

interval as initial reading. After next two min second reading was noticed. Formula used 

was: 

(A2 – A1 sample/A2 – A1 standard) × n. where n stands for standard 

concentration.   

3.20.6.2.6. Bilirubin estimation 

Bilirubin was also measured by AMP diagnostic kit. 1.5 ml of R1 working 

reagent (sulfanilic acid, HCl, DMSO) was added to 0.5 ml of R2 working reagent along 

with 100 µl sample or calibrator and 100 µl sample blank without R2. OD (555 nm) was 

taken after incubation (5 min, 37ºC). Formula followed for this was: 

(OD of sample – OD of sample blank) × F, where F stands for standard factor 

concentration.  

3.20.6.3. Serological screenings 

3.20.6.3.1. Estimation of serum cholesterol 

Serum cholesterol was estimated by using AMP diagnostic company kit. Reagent 

(1 ml) was mixed with 10 µl of sample and standard separately and mixture was placed 

for incubation for 5 min at 37ºC. OD at 505 nm was recorded. Serum cholesterol was 

determined by following formula:  

(OD of sample/OD of standard) × n, where n stands for standard concentration.  
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3.20.6.3.2. Estimation of cholesterol-HDL (high density lipoproteins)  

HDL was estimated by analytical kit of AMP diagnostic company. Calibrator (2.5 

µl) was mixed with sample (2.5 µl) at 37ºC, incubated for 5 min and absorbance was 

recorded a 600 nm. After 5 min, R2 (60 µl) was added to the mixture and absorbance was 

rechecked after 5 min. AMP HDL-Calibrator (BR9812) was used. Following formula 

was used for calculations: 

(OD2-OD1) sample / (OD2-OD1) Calibrator × n, where n is calibrator 

concentration.  

3.20.6.3.3. Estimation of triglycerides 

One ml reagent containing Mg+2, glycerol kinase, potassium ferrocynate, and 

ATP; was mixed with 10 µl distilled H2O, standard and sample. Mixture was placed for 

incubation for 10 min at 37ºC and OD was recorded at 500 nm. Formula used for this 

was: 

OD of sample/ OD of standard × n, where n stands for standard concentration.  

3.20.6.3.4. Estimation of cholesterol-LDL (low density lipoproteins)  

Following formula was considered for LDL determinations: 

LDL= TG/5+ HDL-cholesterol.  

3.20.6.3.5. Estimation of AST (Aspartate transaminase) 

AST was estimated by AMP diagnostic kit procedures. R1 reagent was composed 

of L-aspartate, Tris-HCL, lactate dehydrogenase and malate dehydrogenase whereas 

reagent R2 was made up of NADH, 2-oxoglutarate and pyridoxal-5-phosphate. Working 

reagent was formed by mixing 4 volumes of R1 with 1 volume of R1. 1 ml working 

reagent was mixed with 100 µl sample and was incubated for 1 min at 37ºC. OD was 

measured at 340 nm and reading was noticed after every min for next two min. Formula 

used for calculations was: 

Δ Abs/min × 1768. 

3.20.6.3.6. Estimation of ALT (Alanine transaminase) 

This activity was also monitored by AMP diagnostic kit method. Working reagent 

was prepared by mixing reagent a and reagent b in a ratio of 4:1. After 1 min incubation 

at 37ºC, absorbance was noticed at 340 nm. Next two readings were noticed after very 

min for next two min and absorbance was calculated as: 
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Δ Abs/min × 1746. 

3.20.6.3.7. Estimation of ALP (Alkaline phosphatase) 

Alkaline phosphatase was also determined by AMP diagnostic company kit 

method. R1 was consists of Diethanolamine buffer, magnesium chloride and biocides 

whereas R2 was composed of p-Nitrophenylphosphate and biocides. Working reagent 

was prepared by mixing 4 volumes of R1 with 1 volume of R2. 1 ml working reagent was 

mixed with 20 µl sample. After one min incubation at 37ºC, initial absorbance was 

noticed at 405 nm. Next two readings were monitored after every one min for next two 

min. Formula used was:  Δ Abs / min × 2764.  

3.20.6.3.8. Estimation of LDH (Lactate dehydrogenase) 

LDH was also monitored by AMP diagnostic kit procedures. 50 µl sample was 

mixed with 950 µl working reagent. Initial reading was recorded after mixing at 565 nm. 

Mixture was incubated for 25 min following noticing the OD of H2O and calibrators at 

565 nm.  

3.20.6.3.9. Estimation of γ-GT in serum 

γ-GT was estimated by AMP diagnostic kit. 100 µl standard or sample were 

mixed with reagent (1 ml) and were incubated for 1 min at 37ºC. Absorbance was read at 

405 nm after 1, 2 and 3 min. Following formula was used: 

ΔAbs/min × 1111. 

3.20.6.3.10. Estimation of serum creatine kinase (CK)   

Creatine kinase was estimated by AMP diagnostic kit. 40 µl sample or standard 

were mixed with working reagent (1 ml) and mixture was incubated at 37ºC for 3 min. 

Absorbance was noticed till 3 min after every min at 340 nm and CK was calculated by 

formula:  

ΔAbs/min × 8095. 

3.20.6.3.11. Estimation of CK-MB in serum  

Creatine kinase-MB (CK-MB) was determined by AMP diagnostic kit method. 

Working reagent (1 ml) was mixed with 50 µl of standard or sample and mixture was 

placed for incubation at 37ºC for 5 min. Absorbance was recorded at 340 nm after every  

min till 3 min. Formula used for calculation was as follow: 

ΔAbs/min × 6666.  
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3.20.7. Biochemical estimations of tissues 

3.20.7.1. Estimation of tissue proteins 

Soluble proteins confined in tissue homogenate were estimated according to the 

test system designed by Lowry et al. (1951). Tissue (80 mg) of each organ was 

homogenized in phosphate buffer and centrifuged at 4ºC for 20 min at 10,000 rpm. 

Alkaline solution (1 ml) was mixed with sample (0.1 ml) and mixture was placed for 

incubation for ten min; followed by addition of 1:1 Folin Ciocalteu phenol reagent. 

Mixture was mixed thoroughly and incubated for 30 min. At 595 optical density was 

recorded spectrophotometrically (Smart spec
TM

 spectrophotometer). Concentrations of 

soluble proteins were investigated using standard curve of serum albumin.   

3.20.7.2. Estimation of antioxidative enzymes in tissues 

Tissue homogenate (10%) was formed in potassium phosphate buffer (100 mM) 

containing EDTA (1 mM, pH 7.4) following centrifugation at 4ºC for 30 min at 12,000 × 

g. Clear supernatant was obtained and was ready to use for further enzymatic screenings.  

3.20.7.2.1. Estimation of catalase (CAT) 

Catalase was assessed by the experimentation set up designed by Chance and 

Maehly (1955) with minute modifications. Reaction mixture was prepared by adding 

phosphate buffer (2.5 ml, 50 mM, pH 5.0), H2O2 (0.4 ml, 5.9 mM) and homogenate (0.1 

ml). Changing patterns in absorbance were monitored at 240 nm spectrophotometrically 

after very min till 3 min. CAT activity was described as absorbance change of 0.01 as 

units/min.  

3.20.7.2.2. Estimation of peroxidase (POD) 

Protocol of Chance and Maehly (1955) was followed with some changes. 

Reaction solution comprised phosphate buffer (2.5 ml, 50 mM, mM, 5.0), guaiacol (0.1 

ml, 20 mM) and H2O2 (0.3 ml, 40 mM) and enzyme extract (0.1 ml). Absorbance of the 

mixture was inspected at 470 nm and changing trend was monitored after every 1 min till 

3 min. One unit peroxidase activity was defined as an absorbance change of 0.01 

units/min.  

3.20.7.2.3. Estimation of superoxide dismutase (SOD) 

SOD estimation was done according to the procedure designed by Kakkar et al. 

(1984). Reactive mixture was made by phenazine methosulphate (0.1 ml, 186 µM), 
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sodium pyrophosphate buffer (1.2 ml, 0.052 mM, pH 7.0) and homogenate (0.3 ml). 

NADH (0.2 ml, 780 µM) was added to the reactive mixture to instigate enzyme reaction 

that was terminated later by addition of glacial acetic acid (1 ml) after 1 min. Chromogen 

formation was monitored by measuring intensity at 560 nm. Final reading was expressed 

as unit/mg proteins.  

3.20.7.2.4. Estimation of glutathione-S-transferase (GST) 

Experimental system for GST was followed that was designed by Habig et al. 

(1974). Reaction solution was prepared by combining phosphate buffer (1.475 ml, 0.1M, 

pH 6.5), reduced glutathione (0.2 ml, 1 mM), CDNB (0.025 ml, 1mM) and homogenate 

(0.3 ml). Changing patterns in absorbance were measured at 340 nm and enzyme activity 

was determined as nM CDNB conjugate produced/min/mg protein using molar 

coefficient 9.6×10
3
/M/cm.  

3.20.7.2.5. Estimation of glutathione reductase (GR) 

For GR estimation, test system was used that was developed by Carlberg and 

Mannervik (1975). Reaction solution comprises phosphate buffer (1.65 ml, 0.1 M, pH 

7.6), EDTA (0.1 ml, 0.5 mM), oxidized glutathione (0.05 ml, 1 mM), NADPH (0.1 ml, 

0.1 mM) and homogenate (0.1 ml).  At 340 nm, enzyme activity was recorded and was 

calculated nM NADPH oxidized/min/mg protein using molar extinction coefficient of 

6.22×10
3
/M/cm.  

3.20.7.2.6. Estimation of γ-glutamyl transpeptidase (γ-GT) 

Experimental design of Orlowski and Miester (1973) was followed for γ-GT 

evaluation. 0.8 ml substrate mixture (4 mM glutamyl-p-nitroanilide, 11 mM MgCl2 in 185 

mM Tris- HCl buffer, 40 mM glycylglycine) was mixed with 0.2 ml homogenate 

following incubation for ten min at 37ºC. After ten min, TCA (25%) was added to the 

mixture to halt reaction. Following centrifugation, supernatant was analyzed 

spectrophotomtrically at 405 nm. Enzyme activity was estimated as nM p-nitroaniline 

produced/min/mg protein using molar extinction coefficient 1.74×10
3
/M/cm. 

3.20.7.3. Estimation of reduced glutathione (GSH) 

GSH was estimated following the experimental test system developed by Jollow 

et al. (1974). Sample homogenate (1 ml) was precipitated with sulfosalicylic acid (1 ml, 

4%), following 1 h incubation at 4ºC and subsequent centrifugation at 4ºC for 20 min at 
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1200xg. After centrifugation 1 ml filtered sample was mixed with phosphate buffer (2.7 

ml, 0.1 M, pH 7.4) and DTNB (0.2 ml, 100 mM). Absorbance was taken at 412 nm which 

was expressed as µM GSH /g tissue.  

3.20.7.4. Assessment of lipid peroxidation 

With minute modification following the protocol of Iqbal et al. (1996) extent of 

lipid peroxidation was measured. Reaction solution comprised phosphate buffer (0.58 ml, 

0.1 M, pH 7.4) ascorbic acid (0.2 ml, 100 mM), ferric chloride (0.02 ml, 100 mM) and 

tissue homogenate (0.2 ml). Mixture was kept at 37ºC for 1 h incubation in shaking water 

bath. Reaction was terminated with trichloroacetic acid (0.1 ml, 10%). Thiobarbituric 

acid (1 ml, 0.67%) was added to the mixture which was then placed in boiling water bath 

for 20 min, and subsequently shifted to an ice bath. After centrifugation for 10 min at 

2500 × g, TBARS contents were quantified at 535 nm in each sample. Reading was 

expressed as nM TBARS/min/mg tissue at 37ºC using molar extinction coefficient of 

1.56×10
5
/M/cm.  

3.20.8. Molecular assessments 

3.20.8.1. DNA fragmentation assessment  

For DNA fragmentation estimation protocol of Wu et al. (2005) was adopted. 100 

mg tissue was homogenized in TTE solution. Homogenate (0.1 ml) was taken into test 

tubes labelled as B, following centrifugation at 4ºC for ten min at 200xg to obtain 

supernatant which was shifted into tubes marked as S.  S tubes were again centrifuged at 

20,000 × g for 10 min at 4ºC for the separation of intact chromatin in tubes T. Following 

addition of TCA (1 ml, 25%) in all tubes, these were subjected to overnight incubation at 

4ºC. TCA (5%; 160 µl) was added to each pallet and was heated for 15 min at 90ºC. 

After that fresh solution of DPA was added to these tubes, vortexed and incubated at 

37ºC for 4 h. Finally optical density was recorded at 600 nm using spectrophotometer.  

3.20.8.2. DNA ladder assessment  

Protocols designed by Wu et al. (2005) and Gilbert et al. (2007) were considered 

to carry out DNA ladder assessments. 100 mg tissue was washed with DNA buffer and 

was homogenized in lysis buffer (1 ml). Proteinase K (100 µl, 10 mg/ml) and SDS (240 

µl, 10%) were added, mixture was shaken gently and was subjected to overnight 

incubation at 45ºC in water bath. Phenol (0.4 ml) was added to mixture, was shaken for 
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5-10 min and centrifuged at 10ºC for 5 min at 3000 rpm. In the next step supernatant was 

separated with subsequent addition of phenol (0.4 ml) and chloroform/isoamyl alcohol 

(1.2 ml, 24:1), shaken and incubated for 5 min at 3000 rpm at 10ºC. Sodium acetate (25 

µl, 3M, pH 5.2) along with ethanol (5 ml) was added to supernatant, mixture was shaken 

until precipitation of DNA. DNA was washed with ethanol (70%), dried and dissolved in 

TE buffer. Spectrophotometric quantification of DNA was done at 260 and 280 nm. 

Isolated DNA (5 µg) with DNA marker as standard were loaded at agarose gel (1.5%) 

containing ethidium bromide. Following electrophoresis at 100 v for 45 min, DNA was 

visualized under UV in digital gel doc system and was photographed.  

3.21. Statistical analysis 

For in vitro and in vivo analysis, Graph pad prism and SPSS were used for 

determination of mean, standard errors, standard deviations, IC50, and level of 

significance at 0.05% level of probability. TOPSPIN software was used for the data 

handling and measurements of coupling constants in NMR analysis. Mass Frontier 

software was used for LC/MS/MS demonstration.  
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RESULTS 

Green inheritance is the vital medicinal source used as therapeutics in all 

traditional medicaments prevailing in the entire world for the management of various 

maladies and infections. A number of research libraries are the authentic proof for the 

validation of these facts. In the current scientific scenario, phytochemical characterization 

of Carissa opaca and pharmacological studies of Dicliptera roxburghiana were carried 

out. 

Section A: Phytochemical characterization of Carissa opaca 

4.1. Characterization of compounds by NMR 

4.1.1. CAF12 (Naringin) 

This was the major component isolated from the aqueous fraction of leaves of C. 

opaca. This was highly polar component and was eluted with 20% MeOH-CHCl3 as 

white amorphous solid. Its molecular weight was determined as 580 and its molecular 

formula was calculated as C27H32O14. NMR spectroscopy has suggested that flavanone 

part was linked with glycosidic moieties. IUPAC name of the compound was designated 

as (2S)-5-Hydroxy-2-(4-hydroxyphenyl)-4-oxo-3,4-dihydro-2H-chromen-7-yl2-O-(6-

deoxy-α-L-mannopyranosyl)-β-D-glucopyranoside and Naringin as its common name. 

Proposed structure of the compound is given in Figure 4.1. 

NMR spectra of the compound revealed that there were seven quaternary carbons, 

seventeen methine, two methylenes and one methyl group in Naringin. Molecular peaks 

of CAF12 are shown in mass spectra in negative and positive ion modes in Figure 4.2. 
1
H 

and 
13

C NMR spectra are depicted in Figure 4.3 and 4.4 respectively. H-C correlations 

are described in 
1
H-

1
H COSY, 

1
H-

13
C HSQC, 

1
H-

13
C HMBC in Figures 4.5, 4.6 and 4.7 

respectively. Glycosidic H-H linkage is presented in 1D-TOCSY spectrum shown in 

Figure 4.8. 
1
H and 

13
C δ values of flavanone core structure and sugar parts are also 

narrated in Table 4.1. 

1
H NMR: (Methanol-d4, 400 MHz) δ 7.34 (2H, d, J=8.5 Hz, H-6*, 2*),  δ 6.84 

(2H, d, J=8.5 Hz, H-3*, 5*), δ 6.18 (2H, d, J=12.7 Hz, H-8, 6), δ 5.39 (1H, dd, J=13.0, 

2.7 Hz, H-2), δ 5.27 (1H, s, H-1”), δ 5.12 (1H, d, J=7.5 Hz, H-1’), δ 3.95 (1H, dd, J=1.7, 

3.4 Hz, H-2”), δ 3.87 (1H, m, H-6’a), δ 3.86 (1H, m, H-5”), δ 3.61 (1H, m, H-2’), δ 3.60 

(1H, m, H-3”), δ 3.55 (1H, s, H-4’), δ 3.54 (1H, m, H-6’b), δ 3.47 (1H, m, H-5’), δ 3.40 
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(1H, t, J=18.6 Hz, H-4”), δ 3.18 (1H, dd, J=13.2, 17.1 Hz, H-3a), δ 2.77 (1H, dd, J=3.1, 

17.1 Hz, H-3b), δ 1.30 (1H, d, J=6.0 Hz, H-6”). 

13
C NMR: (Methanol-d4, 500 MHz) δ 198.5 (C=O, C-4), δ 166.6 (C-O, C-7), δ 

165.0 (Cq, C-9), δ 164.6 (C-OH, C-5), δ 159.2 (C-OH, C-4*), δ 131.2 (Cq, C-1*), δ 

129.4 (CH, C-2*), δ 129.4 (CH, C-6*), δ 116.4 (CH, C-3*), δ 116.4 (CH, C-5*), δ 104.9 

(Cq, C-10), δ 102.6 (CH, C-6), δ 99.4 (CH, C-1’), δ  97.8 (CH-OH, C-2”), δ 96.7 (CH, C-

8), δ 80.9 (CH, C-5”), δ 79.0 (CH-OH, C-3’), δ 78.9 (CH, C-2), δ 78.3 (CH, C-5’), δ 73.9 

(CH, C-2’), δ 72.3 (CH-OH, C-4”), δ 71.5 (CH-OH, C-3”), δ 70.3 (CH-OH, C-4’), δ 64.7 

(CH, C-1”), δ 62.4 (CH2-OH, C-6’), δ 44.2 (CH2, C-3), δ 18.4 (CH3, C-6”). 
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Table 4.1:
 1

H and 
13

C NMR data (400, 500 MHz, Methanol-d4) of CAF12. 

Position  

of 

Carbon 

C δ 

(ppm) 

H δ (ppm) 

[Multi., J coupling (Hz)] 

Carbon 

type 

HMBC 

Flavanone Core 

2 78.9 5.39 (dd., 13.0, 2.7) CH  

3 44.2 
2.77 (dd., 3.1, 17.1), 

3.18 (dd, 13.2, 17.1) 
CH2 2,1 

4 198.5 q  C=O 5,3’,2 

5 164.6 q  C-OH 6,7,9 

6 102.6 6.18 (d., 12.7) CH  

7 166.6  C-O  

8 96.7 6.18 (d., 12.7) CH 6, 9, 10 

9 165.0 q  Cq  

10 104.9 q  Cq 8,9,4 

1* 131.2  Cq 2*, 2, 3 

2* 129.4 7.34 (d., 8.5) CH 3*, 4* 

3* 116.4 6.84 (d., 8.5) CH 2*,5* 

4* 159.2  C-OH 3*, 2* 

5* 116.4 6.84 (d., 8.5) CH 1*,4* 

6* 129.4 7.34 (d., 8.5) CH 1*, 2, 5* 

Glucose Sugar 

C1’ 99.4 5.12 (d., 7.5) CH 7,8, 2’ 

C2’ 73.9 3.60 (m) CH 1’, 3’, 5’ 

C3’ 79.0 3.42 (m) CH-OH 4’, 5’ 

C4’ 70.3 3.55 (s) CH-OH  

C5’ 78.3 3.47 (m) CH 4’, 6’ 

C6’ 62.4 3.87(m) 

3.54 (m) 

CH2-OH 5’, 4’ 

Rhamnose Sugar 

C1” 64.7 5.27 (s) CH 1’, 2” 

C2” 97.8 3.95 (dd., 1.7, 3.4) CH-OH 3” 

C3” 71.5 3.60 (m) CH-OH  

C4” 72.3 3.40 (t., 18.6) CH-OH 3”, 5” 

C5” 80.9 3.86 (m) CH 4”, 6” 

C6” 18.4 1.30 (d., 6.0) CH3 4”, 5”,3” 
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Figure 4.1: Structure of (2S)-5-Hydroxy-2-(4-hydroxyphenyl)-4-oxo-3,4-dihydro-2H-

chromen-7-yl 2-O-(6-deoxy-α-L-mannopyranosyl)-β-D-glucopyranoside (Naringin). 

 

Figure 4.2: Mass spectrum of CAF12 in negative (A) and positive ion mode (B). 
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Figure 4.3: 
1
H NMR spectrum (400 MHz, Methanol-d4) of CAF12. 

 

Figure 4.4: 
13

C NMR spectrum (400 MHz, Methanol-d4) of CAF12. 
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Figure 4.5: 
1
H-

1
H COSY spectrum (Methanol-d4, 500 MHz) of CAF12. 

 

 

Figure 4.6: 
1
H-

13
C HSQC spectrum (Methanol-d4, 500 MHz) of CAF12. 
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Figure 4.7:
 1

H-
13

C HMBC spectrum (Methanol-d4, 500 MHz) of CAF12. 

 

Figure 4.8: 1D-TOCSY spectrum (Methanol-d4, 700 MHz) of CAF12. 
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4.1.2. CEF27 (Prunin) 

It was isolated as white amorphous solid from ethyl acetate fraction by elution 

with 20% n-hexane-ethyl acetate. Molecular mass was measured as 434 and molecular 

formula was calculated as C21H22O10. IUPAC name was proposed as 5-Hydroxy-2-(4-

hydroxyphenyl)-4-oxo-3,4-dihydro-2H-chromen-7-yl β-D-glucopyranoside whereas 

common name was suggested as Prunin. Proposed structure is shown in Figure 4.9. 

It was observed in NMR spectra of CEF27 that there were seven quaternary 

carbons, twelve methine and two methylene groups. MS of CEF27 is shown in Figure 

4.10 with negative and positive ion modes. 
1
H and 

13
C spectra are displayed in Figure 

4.11 and 4.12 respectively. Total numbers of methine and methylene groups were 

confirmed in DEPT 135 and DEPT 90 NMR spectra as shown in Figure 4.13 and 4.14 

respectively. Through bond H-C correlations are explained via 
1
H-

1
H COSY, 

1
H-

13
C 

HMBC in Figure 4.15 and 4.16 respectively. Through space H-C correlation is explained 

by NOESY in Figure 4.17.
1
H and 

13
C δ values of flavanone part along with sugar moiety 

of Prunin are described in Table 4.2. 

1
H NMR: (Methanol-d4, 400 MHz), δ 7.35 (2H, d, J=8.5 Hz, H-2*, 6*), δ  6.84 

(2H, d, J=8.5 Hz, H-3*, 5*), δ 6.24 (2H, d, J=2.2, H-8, 6), δ 5.41 (1H, dd, J=13.0, 2.7 Hz, 

H-2), δ 4.99 (1H, d, J=7.3 Hz, H-1’), δ 4.22 (1H, d, J=9.3 Hz, H-6’a), δ 3.71 (1H, t, J=9.5 

Hz, H-6’b), δ 3.58 (1H, m, H-3’), δ 3.48 (1H, m, H-5’), δ 3.46 (1H, m, H-2’), δ 3.42 (1H, 

s, H-4’), δ 3.19 (1H, dd, J=13.1, 17.1 Hz, H-3a), δ 2.77 (1H, dd, J=3.1, 17.1 Hz, H-3b) . 

13
C NMR: (Methanol-d4, 500 MHz) δ 198.7 (C=O, C-4), δ 175.2 (Cq, C-5), δ 

167.2 (C-O, C-7), δ 164.8 (CH-OH, C-5), δ 159.5 (CH-OH, C-4), δ 132.5 (Cq, C-1*), δ 

129.3 (CH, C-2*), δ 129.3 (CH, C-6*), δ 116.5 (CH, C-3*), δ 116.5 (CH, C-5*), δ 105.2 

(Cq, C-10), δ 101.5 (CH-O, C-1’), δ 98.3 (CH, C-6), δ 80.9 (CH, C-2), δ 78.5 (CH, C-5’), 

δ 78.0 (CH-OH, C-3’), δ 74.8 (CH, C-2’), δ 62.5 (CH2-OH, C-6’), δ 44.3 (CH2, C-3). 
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Table 4.2: 
1
H and 

13
C NMR data (Methanol-d4, 400 and 500 MHz) of CEF27. 

Position 

of  

Carbon 

C δ 

(ppm) 

H δ (ppm) 

[Multi.,J coupling ( Hz)] 

Carbon Type HMBC 

Flavanone core 

2 80.9 5.41 (dd., 13.0, 2.7) CH 2*, 6*,3 

3 44.3 2.77 (dd., 3.1, 17.1), 

3.19 (dd, 13.2, 17.1) 

CH2 2,4 

4 198.7  C=O 3,5,9 

5 164.8  CH-OH 4,9 

6 98.3 6.24 (d.,2.2) CH 1’, 8 

7 167.2  C-O 1’, 8 

8 97.2 6.24 (d., 2.2) CH 6, 10 

9 175.2  Cq 4,5 

10 105.2  Cq 4,5 

1* 132.5  Cq 2, 3, 2* 

2* 129.3 7.35  (d., 8.5) CH 2, 4*, 6* 

3* 116.5 6.84 (d., 8.5) CH 4* 

4* 159.5  CH-OH 2*, 3*, 5* 

5* 116.5 6.84 (d., 8.5) CH 4*, 6* 

6* 129.3 7.35 (d., 8.5) CH 2, 2* 

Sugar part 

1’ 101.5 4.99 (d., 7.3) CH-O 6,7 

2’ 74.8 3.46(m) CH 1’ 

3’ 78.0 3.58 (m) CH-OH  

4’ 71.3 3.42 (s) CH-OH 2’, 5’ 

5’ 78.5 3.48 (m) CH  

6’ 62.5 4.22(d., 9.3); 

3.71 (t.,9.5) 

CH2-OH 5’ 
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Figure 4.9: Structure of 5-Hydroxy-2-(4-hydroxyphenyl)-4-oxo-3,4-dihydro-2H-

chromen -7-yl β-D-glucopyranoside (Prunin). 

 

 

Figure 4.10: Mass spectrum of CEF27 in negative (A) and positive ion mode (B). 
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Figure 4.11: 
1
H NMR spectrum (Methanol-d4, 400 MHz) of CEF27. 

 

Figure 4.12:
 13

C NMR spectrum (Methanol-d4, 500 MHz) of CEF27. 
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Figure 4.13: DEPT 135 NMR spectrum (Methanol-d4, 500 MHz) of CEF27. 

 

Figure 4.14: DEPT 90 NMR spectrum (Methanol-d4, 500 MHz) of CEF27. 
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Figure 4.15:
 1

H-
1
H COSY NMR spectrum (Methanol-d4, 500 MHz) of CEF27. 

 

Figure 4.16:
 1

H-
13

C HMBC NMR spectrum (Methanol-d4, 500 MHz) of CEF27. 
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Figure 4.17: NOESY NMR spectrum (Methanol-d4, 700 MHz) of CEF27. 
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4.1.3. CEF4 (Ursolic acid) 

This was isolated as white powder from ethyl acetate fraction eluted with 80% n-

hexane-ethyl acetate. Molecular formula was calculated as C30H48O3 and molecular 

weight was determined as 456. IUPAC name was confirmed as (3β)-3-Hydroxyurs-12-

en-28-oic acid and common name as Ursolic acid. Proposed structure of the compound is 

presented in Figure 4.18.    

It was confirmed by NMR spectroscopy that this was ursane type triterpenoid 

substituted with carboxylic group that is responsible for its acidic characteristics. 
1
H and 

13
C NMR profile confirmed that there are seven quaternary carbons, seven methines, nine 

methylenes and seven methyl groups in the structure of Ursolic acid. Mass spectrum of 

CEF4 is shown in Figure 4.19. 
1
H and 

13
C NMR spectra of CEF4 are presented in Figure 

4.20 and 4.21 respectively. Number of methine, methylene and methyl were analyzed 

through DEPT 135 and are described in Figure 4.22. Through bond H-C correlations are 

shown in 
1
H-

1
H COSY (Figure 4.23 and 4.24) whereas 

1
H-

13
C HSQC in Figure 4.25 and 

4.26. 
1
H-

13
C HMBC is displayed in Figure 4.27. Through space H-C correlations are 

shown in NOESY in Figure 4.28. 
1
H and 

13
C δ data is described in Table 4.3.  

1
H NMR: (Methanol-d4, 400 MHz) δ 5.25 (1H, t, J= 3.6 Hz, H=12), δ 3.18 (1H, 

dd, J=6.2, 10.0 Hz, H=3), δ 2.23 (1H, d, J= 11.1 Hz, H-18), δ 2.05 (1H, td, J= 31.0 Hz, 

H-16a), δ 1.96 (1H, m, H-22a), δ 1.95 (1H, m, H-15a), δ 1.92 (1H, m, H-11b), δ1.91 (1H, 

m, H-11a), δ 1.91 (1H, m, H-22b), δ 1.72 (1H, m,  H-21a), δ 1.68 (1H, m, H-1a), δ 1.66 

(1H, m, H-2a), δ 1.65 (1H, m, H-21b), δ 1.64 (1H, m, H-16b), δ 1.59 (1H, m, H-2b), δ 

1.58 (1H, m, H-6a), δ 1.56 (1H, m, H-7a), δ 1.55 (1H, m, H-9), δ 1.43 (1H, m, H-6b), δ 

1.39 (1H, m, H-19), δ 1.36 (1H, m, H-7b), δ 1.14 (3H, s, H-27), δ 0.99 (1H, t, J= 8.8, H-

20),  δ 0.98 (3H, d, J= 6.6, H-29), δ 0.97 (3h, s, H-25), δ 0.91 (3H, s, H-30), δ 0.87 (3H, 

s, H-26), δ 0.80 (3H, s, H- 24), δ 0.77 (1H, m, H-5). 
13

C NMR: (Methanol-d4, 500 MHz) δ 182.1 (COOH, C-28), δ 139.8 (C=CH, C-

13), δ 127.2 (CH=C, C-12), δ 79.8 (CH-OH, C-3), δ 56.8 (CH, C-5), δ 54.5 (CH, C-18), δ 

48.9 (C-COOH,C-17), δ 48.8 (CH, C-9), δ 43.4 (C, C-8), δ 40.9 (C, C-14), δ 40.5 (CH, 

C-19), δ 40.4 (CH, C-20), δ 40.1 (C, C-4), δ 39.8 (CH2, C-1), δ 38.2 (CH2, C-22), δ 38.1 

(C, C-10), δ 34.5 (CH2, C-7), δ 31.8(CH2, C-21), δ 29.3 (CH2, C-15), δ 28.9 (CH3, C-23), 

δ 28.0 (CH2, C-2), δ 25.4 (CH2, C-16), δ 24.6 (CH, C-11), δ 24.1( CH3, C-27), δ 21.6 

(CH3, C-29), δ 19.6 (CH2, C-6), δ 17.9 (CH3, C-26), δ 17.5 (CH3, C-30), δ 16.5 (CH3, C-

24), δ 16.2 (CH3, C-25). 
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Table 4.3:
 1

H and 
13

C NMR data (Methanol-d4, 400, 500 MHz) of CEF4. 

Position 

of 

Carbon 

C δ 

(ppm) 

H δ (ppm) [Multi., 

J coupling ( Hz)] 

Carbon 

type 

HMBC 

1 39.8 1.06(d., 4.0); 1.68(m) CH2 2, 3, 25 

2 28.0 1.66(m); 1.59(m) CH2 1, 3, 23 

3 79.8 3.18 (dd., 6.2, 10.0) CH 2, 23, 24 

4 40.1  Cq  

5 56.8 0.77 (m) CH 6, 7, 24 

6 19.6 1.58(m); 1.43(m) CH2 7, 8, 5 

7 34.5 1.56(m); 1.36 (m) CH2 8, 14, 26 

8 43.4  Cq  

9 48.8 1.55 (m) CH 8, 10, 11, 25 

10 38.1  Cq  

11 24.6 1.91 (m) 

1.92 (m) 

CH2 9, 12, 13 

12 127.2 5.25 (t., 3.7) CH 9,11, 18 

13 139.8  Cq  

14 40.9  Cq  

15 29.3 1.19 (m); 1.95 (m) CH2 13, 14, 17, 27 

16 25.4 2.05 (m); 1.64 (m) CH2 15, 17, 28 

17 48.9  Cq  

18 54.5 2.23 (d., 11.1) CH 8, 12, 13, 17, 19, 

19 40.5 1.39 (m) CH 18, 20, 30 

20 40.4 0.99(m) CH 19, 21, 22 

21 31.8 1.72 (m); 1.65 (m) CH2 20, 22, 29 

22 38.2 1.91 (m); 1.96 (m) CH2 17, 18, 21, 28 

23 28.9 1.15 (s) CH3 3, 4, 5 

24 16.5 0.82 (s) CH3 3, 4, 23, 5 

25 16.1 0.97 (s) CH3 1, 5, 9 

26 17.9 0.87 (s) CH3 7, 8, 9, 14 

27 24.1 1.14 (s) CH3 8,13, 15 

28 182.1  COO  

29 21.6 0.98 (d., 6.6) CH3 19, 20, 20 

30 17.5 0.91 (s) CH3 18, 19, 20 
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Figure 4.18: Structure of (3β)-3-Hydroxyurs-12-en-28-oic acid (Ursolic acid). 

 

Figure 4.19: Mass spectrum of CEF4 in positive (A) and negative ion mode (B). 
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Figure 4.20:
 1

H NMR spectrum (Methanol-d4, 400 MHz) of CEF4. 

 

Figure 4.21:
 13

C NMR spectrum (Methanol-d4, 500 MHz) of CEF4. 
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Figure 4.22: DEPT 135 NMR spectrum (Methanol-d4, 500 MHz) of CEF4. 

 

Figure 4.23:
 1

H-
1
H COSY spectrum (Methanol-d4, 500 MHz) of CEF4. 
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Figure 4.24: 
1
H-

1
H COSY spectrum (Methanol-d4, 500 MHz) of CEF4. 

 

Figure 4.25:
 1

H-
13

C HSQC spectrum (Methanol-d4, 500 MHz) of CEF4. 
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Figure 4.26:
 1

H-
13

C HSQC spectrum (Methanol-d4, 500 MHz) of CEF4. 

 

Figure 4.27:
 1

H-
13

C HMBC spectrum (Methanol-d4, 500 MHz) of CEF4. 
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Figure 4.28: NOESY NMR spectrum (Methanol-d4, 500 MHz) of CEF4. 
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4.1.4. CCF4 (Uvaol) 

CCF4 was eluted as white powder from chloroform fraction using mobile phase 

of 80% n-hexane-ethyl acetate. Its molecular formula and molecular mass were 

calculated as C30H50O2 and 442 respectively. IUPAC name of the compound was 

suggested as (3B)-Urs-12-en-3,28-diol and common name was given as Uvaol. Structure 

of the compound is shown in Figure 4.29. 

NMR spectroscopy confirmed that this was also ursane type triterpenoid. MS of 

Uvaol is shown in Figure 4.30 with in negative and positive ion modes. NMR profile 

proved that Uvaol accompanied seven quaternary carbons, seven methine, ten methylene 

and seven methyl groups. 
1
H and 

13
C NMR of CCF4 are shown in Figure 4.31 and 4.32 

respectively. Details of methine and methylene groups are mentioned in DEPT 135 and 

DEPT 90 in Figure 4.33 and 4.34 respectively. H-C through bond correlations are 

narrated in 
1
H-

1
H COSY, 

1
H-

13
C HSQC, and 

1
H-

13
C HMBC as shown in Figure 4.35, 

4.36 and 4.37 respectively. C-H correlation through space is described in NOESY 

experiment in Figure 4.38. 
1
H and 

13
C δ profile is given in Table 4.4. 

1
H NMR: (Methanol-d4,  400 MHz) δ 5.17 (1H, t, J=3.6 Hz, H-12), δ 3.6 (1H, d, 

J=10.67 Hz, H-28a), δ 3.12 (1H, dd, J=6.2, 10.2, H-3), δ 3.05 (1H, d, J=11.54, H-28b), δ 

1.96 (1H, m, H-11a), δ 1.91 (1H, m, H-15a), δ 1.90 (1H, m, H-11b), δ 1.89 (1H, m, H-

16a), δ 1.69 (1H, m, H-2a), δ 1.67 (1H, m, H-1a), δ 1.63 (1H, m, H-7a), δ 1.62 (1H, m, 

H-22a), δ 1.58 (1H, m, H-2b), δ 1.52 (1H, m, H-21a), δ 1.51 (1H, m, H-6a), δ 1.44 (1H, 

m, H-19), δ 1.43 (1H, m, H-6b), δ 1.39 (1H, m, H-7b), δ 1.38 (1H, m, H-18), δ 1.37 (1H, 

m, H-22b), δ 1.26 (1H, m, H-21b), δ  1.17 (1H, m, H-15b), δ 1.15 (3H, s, H-27), δ 1.05 

(3H, s, H-26), δ 1.02 (1H, m, H-1b), δ  1.03 (1H, m, H-16b), δ 0.99 (3H, s, H-23), δ 0.96 

(3H, d, J=6.6, H-29), δ 0.90 (1H, m, H-20), δ 0.85 (3H, s, H-30), δ 0.81 (3H, s, H-24), δ 

0.79 (1H, s, H-5). 
13

C NMR: (Methanol-d4, 500 MHz) δ 140.5 (Cq, C-13), δ 126.5 (CH=C, C-12), δ 

79.6 (CH-OH, C-3), δ 70.3 (CH2-OH, C-28), δ 56.8 (CH, C-5), δ 55.7 (CH, C-18), δ 49.2 

(CH, C-9), δ  43.2 (C, C-8), δ 41.3 (C, C-14), δ 40.9 (CH, C-20), δ 40.8 (CH, C-19), δ 

40.2 (CH2, C-1), δ 39.6 (C, C-17), δ 39.5 (C, C-4), δ 38.3 (C, C-10), δ 36.7 (CH2, C-22), 

δ  34.2 (CH2, C-7), δ 31.7 (CH2, C-21), δ 28.9 (CH3, C-23), δ 28.3 (CH2, C-2), δ 25.8 

(CH2, C-16), δ 24.2 (CH2, C-11), δ 24.1 (CH3, C-27), δ 24.0 (CH2, C-15), δ 21.4 (CH3, C-

29), δ 19.7 (CH2, C-6), δ 18.07 (CH3, C-30), δ 17.5 (CH3, C-26), δ 16.5 (CH3, C-24), δ 

16.3 (CH3, C-25). 
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Table 4.4: 
1
H and 

13
C NMR data (Methanol-d4, 400, 500 MHz) of CCF4. 

Position 

of 

Carbon 

C δ 

(ppm) 

H δ (ppm) 

[Multi., J coupling ( Hz)] 

Carbon 

type 

HMBC 

1 40.2 1.02 (m); 1.67 (m) CH2 2, 3, 25 

2 28.3 1.69 (m); 1.58 (m) CH2 1, 3, 23 

3 79.6 3.12 (dd., 6.2, 10.2) CH 2, 23, 24 

4 39.5  Cq 3, 23 

5 56.8 0.79 (s) CH 6, 7, 24 

6 19.7 1.51 (m); 1.43 (m) CH2  

7 34.2 1.63 (m); 1.39 (m) CH2 8, 14, 26 

8 43.2  Cq  

9 49.2 1.59 (m) CH 8, 10, 11, 25 

10 38.3  C  

11 24.2 1.90 (m); 1.96 (m) CH2 9, 12, 13 

12 126.5 5.17 (t., 3.6) CH 9,11, 18 

13 140.5  Cq  

14 41.3  Cq  

15 24.0 1.17 (m); 1.91 (m) CH2 13, 14, 17, 27 

16 25.8 1.89 (m); 1.03 (m) CH2 15, 17, 28 

17 39.6  Cq  

18 55.7 1.38 (m) CH 8, 12, 13, 17, 19 

19 40.8 1.44 (m) CH 18, 20, 30 

20 40.9 0.91 (m) CH 19, 21, 22 

21 31.7 1.52 (m) 1.26 (m) CH2 20, 22, 29 

22 36.7 1.37 (m) 1.62 (m) CH2 17, 18, 21, 28 

23 28.9 0.99 (s) CH3 3, 4, 5 

24 16.5 0.81 (s) CH3 3, 4, 23, 5 

25 16.3 1.02 (s) CH3 1, 5, 9 

26 17.5 1.05 (s) CH3 7, 8, 9, 14 

27 24.1 1.15 (s) CH3 8,13, 15 

28 70.3 3.61 (d., 11.1); 3.05 (d., 11.1) CH2-OH  

29 21.4 0.96 (d., 6.6) CH3 19, 20, 20 

30 18.1 0.85 (s) CH3 18, 19, 20 
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Figure 4.29: Structure of (3B)-Urs-12-en-3,28-diol (uvaol). 

 

Figure 4.30: Mass spectrum of CCF4 with negative (A) and positive ion mode (B). 
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Figure 4.31:
 1

H NMR spectrum (Methanol-d4, 400 MHz) of CCF4. 

 

Figure 4.32:
 13

C NMR spectrum (Methanol-d4, 500 MHz) of CCF4. 
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Figure 4.33: DEPT 135 NMR spectrum (Methanol-d4, 500 MHz) of CCF4. 

 

 

Figure 4.34: DEPT 90 NMR spectrum (Methanol-d4, 500 MHz) of CCF4. 

 

 



Chapter 4                                                                                                                    Results 
 

Phytochemical characterization of Carissa opaca and pharmacological studies of Dicliptera roxburghiana 98 
 

 

Figure 4.35:
 1

H-
1
H COSY NMR spectrum (Methanol-d4, 500 MHz) of CCF4. 

 

Figure 4.36:
 1

H-
13

C HSQC NMR spectrum (Methanol-d4, 500 MHz) of CCF4. 
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Figure 4.37:
 1

H-
13

C HMBC NMR spectrum (Methanol-d4, 500 MHz) of CCF4. 

 

Figure 4.38: NOESY NMR spectrum (Methanol-d4, 700 MHz) of CCF4. 
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4.1.5. CEF3 (Procrim a) 

 It was isolated as light yellowish resinous material from ethyl acetate fraction 

eluted with 100% n-hexane. Molecular weight was determined as 680 and molecular 

formula was calculated as C46H80O3. IUPAC name was proposed as 3-O-(3’-

hydroxyeicosanoyl) lupeol and common name as Procrim a. Structure of Procrim a is 

depicted in Figure 4.39.  

It was observed from NMR spectroscopy of CEF 3 that this was the long chain 

fatty acid ester of lupeol. It was also analyzed through NMR profile that there were seven 

quaternary carbons, seven methine, twenty four methylene and eight methyl groups. Mass 

spectrum of CEF 3 is described in Figure 4.40. 
1
H and 

13
C NMR spectra are displayed in 

Figure 4.41 and 4.42 respectively. Methine and methylene groups were explained through 

DEPT 135 NMR as shown in Figure 4.43. H-C through bond correlations were explained 

in 
1
H-

1
H COSY, 

1
H-

13
C HSQC and 

1
H-

13
C HMBC as shown in Figure 4.44, 4.45 and 

4.46 respectively. Through space H-C correlation was confirmed in NOESY as described 

in Figure 4.47. Table 4.5 describes 
1
H and 

13
C δ chemical shift data of CEF3.  

1
H NMR:(Chloroform-d, 400 MHz) δ 4.69 (1H, d, J=2.2 Hz, H-29a), δ 4.57 (1H, 

d, J=2.2 Hz,  H-29b), δ 4.54 (1H, dd, J=6.4, 10.3 Hz, H-3), δ 2.51 (1H, dd, J=5.2, 12.7 

Hz, H-2’a), δ 2.40 (1H,dd, J=6.8, 12.7 Hz, H-2’b), δ 2.37 (1H, t, J=10.9 Hz, H-19), δ 

1.95 (1H, m, H-20b), δ 1.92 (1H, m, H-20a), δ 1.69 (1H, m, H-12a), δ 1.68 (3H, s, H-30), 

δ 1.66 (1H,m, H-21a), δ 1.65 (1H, m, H-14’a), δ 1.62 (1H, m, H-2a), δ1.60 (1H, m, H-

2b), δ 1.52 (1H, m, H-4’a), δ 1.51 (1H, m, H-6a), δ 1.48 (1H, m, H-16a), δ 1.44 (1H, m, 

H-4’b), δ 1.43 (1H, m, H-15a), δ 1.41 (1H, m, H-11a), δ 1.39 (1H, m, H-7a), δ 1.38 (1H, 

m, H-1a), δ 1.37 (1H, m, H-18), δ 1.37 (1H, m, H-16b), δ 1.36-1.23 (18H, m, H-5’-13’), δ 

1.33 (1H, m, H-15b), δ 1.30 (1H, m, H-16’a), δ 1.28 (1H, m, H-16’b), δ 1.26 (1H, m, H-

15’a), δ 1.25 (1H, m, H-15’b), δ 1.22 (1H, m, H-11b), δ 1.20 (1H, m, H-1b), δ 1.07 (1H, 

m, H-14’b), δ 1.03 (3H, s, H-27), δ 1.00 (1H, m, H-12b), δ 0.98 (1H, m, H-21b), δ 0.94 

(3H, s, H-28), δ 0.88(3H, s, H-17’), δ 0.86 (3H, s, H-26), δ 0.85 (3H, s, H-23), δ 0.84 

(3H, s, H-25), δ 0.79 (1H, m, H-5), δ 0.78 (3H, s, H-28). 

13
C NMR: (Chloroform-d, 500 MHz) δ 172.3 (Cq, C-1’), δ 151.4 (Cq, C-22), δ 

109.3 (C=CH2, C-29), δ 81.8 (CH-OH, C-3), δ 68.4 (CH-OH, C-3’), δ 55.3 (CH, C-5), δ 

50.3 (CH, C-9),δ 48.3 (CH, C-18), δ 48.0 (CH, C-19), δ 43.0 (Cq, C-17), δ 42.8 (Cq, C-
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14), δ 41.8 (Cq, C-8), δ 41.6 (CH2, C-2’), δ 39.9 (CH2, C-1), δ 38.3 (CH2, C-21), δ 37.7 

(Cq, C-4), δ 37.7 (CH, C-13), δ 36.5 (CH2,C-4’), δ 35.5 (CH2, C-16), δ 31.7 (CH2, C-

15’), δ 29.7 (CH2, C-20), δ 29.4-29.5 (CH2, C-5’-13’), δ 28.0 (CH3, C-23), δ 27.4 (CH2, 

C-12), δ 25.4 (CH2, C-15), δ 25.0 (CH2, C-14’), δ 23.7 (CH2, C-2), δ 22.6 (CH2, C-16’), 

δ 20.9 (CH2, C-11), δ 18.2 (CH2, C-6), δ 17.9 (CH3, C-24), δ 16.7 (CH3, C-25), δ 16.1 

(CH3, C-26), δ 15.8 (CH3, C-27), δ 14.8 (CH3, C-28).  
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Table 4.5:
 1

H and 
13

C NMR data (Chloroform-d, 400, 500 MHz) of CEF3. 

Position 

of 

Carbon 

C δ 

(ppm) 

H δ (ppm) 

[Multi., J coupling ( Hz)] 

Carbon 

type 

HMBC 

1 39.9 1.38 (m); 1.20 (m) CH2 3, 1’ 

2 23.7 1.62 (m); 1.60 (m) CH2  

3 81.8 4.54 (dd., 6.4, 10.3) CH-OH 1’,2, 5, 24 

4 37.7  Cq 3, 23 

5 55.3 0.79 (m) CH 3, 6, 25 

6 18.2 1.51 (m); 1.40 (m) CH2  

7 34.1 1.39 (m); 1.25 (m) CH2  

8 41.8  Cq 5, 6, 11 

9 50.3 1.29 (m) CH 11 

10 37.0  Cq 1, 11, 25 

11 20.9 1.22 (m); 1.41 (m) CH2 9,12,13 

12 27.4 1.69 (m); 1.00 (m) CH2 11,13,18 

13 37.7 1.65 (m) CH 11, 18, 17 

14 42.8  Cq  

15 25.4 1.43 (m); 1.33 (m) CH2  

16 35.5 1.48 (m); 1.37 (m) CH2 14, 17, 28 

17 43.0  Cq 18, 16, 28 

18 48.3 1.37 (m) CH 13,12, 28 

19 48.0 2.37 (t., 10.9) CH 18, 17 

20 29.7 1.92 (m); 1.95 (m) CH2  

21 38.3 1.66 (m); 0.98 (m) CH2 20, 28 

22 151.4  Cq 19, 29, 30 

23 28.0 0.85 (s) CH3 3,24 

24 17.9 0.78 (s) CH3 3, 4, 5 

25 16.7 0.84 (s) CH3 1, 5 

26 16.1 0.86 (s) CH3 7, 8 

27 15.8 1.03 (s) CH3 13, 15 

28 14.8 0.94 (s) CH3 17, 18, 19 

29 109.3 4.69 (d., 2.2); 4.57 (d., 2.2) C=CH2 22, 30 

30 19.2 1.68 (s) CH3 19, 22 

1’ 172.3  Cq 3, 2, 

2’ 41.6 2.51 (dd., 5.2, 12.7), 2.40 (dd., 6.8, 12.7) CH2 1’ 4’ 

3’ 68.4 3.98 (s) CH-OH 2’, 4’ 

4’ 36.5 1.52 (m); 1.44 (m) CH2 3 

5’-13’ 29.4-29.5 1.36-1.23 (m) (CH2×9)  

14’ 25.0 1.65 (m); 1.07 (m) CH2  

15’ 31.7 1.25 (m); 1.26(m) CH2 17, 14’ 

16’ 22.6 1.30 (m); 1.28 (m) CH2  

17’ 14.1 0.88 (s) CH3 15’, 16’ 
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Figure 4.39: Structure of 3-O-(3’-hydroxyeicosanoyl) lupeol (procrim a). 

 

 

Figure 4.40: Mass spectrum of CEF 3 in positive ion mode. 
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Figure 4.41:
 1

H NMR spectrum (Chloroform-d, 400 MHz) of CEF3. 

 

Figure 4.42:
 13

C NMR spectrum (Chloroform-d, 500 MHz) of CEF3. 
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Figure 4.43: DEPT 135 NMR (Chloroform-d, 500 MHz) of CEF 3. 

 

Figure 4.44:
 1

H-
1
H COSY NMR spectrum (Chloroform-d, 500 MHz) of CEF3. 
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Figure 4.45:
 1

H-
13

C HSQC NMR (Chloroform-d, 500 MHz) of CEF3. 

 

Figure 4.46:
 1

H-
13

C HMBC (Chloroform-d, 500 MHz) of CEF3. 
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Figure 4.47: NOESY NMR (Chloroform-d, 700 MHz) of CEF3. 
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4.1.6. Procrim b 

Presence of procrim b was confirmed by mass spectrometry of CEF3. Peak at 731 

was a significant indication of procrim b. It was observed that procrim b was similar to 

procrim a; with same 
1
H and 

13
C δ. The only difference between two was the addition of 

two methylene groups in the side chain in regions 5’-13’. Rest of the structure was 

similar to that of procrim a so we rely on the mass spectrum for the presence of procrim 

b. Structure of procrim b is given in Figure 4.48. Mass spectrum is shown in Figure 4.49. 
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Figure 4.48: Structure of procrim b. 

 

Figure 4.49: Mass spectrum of CEF3 in positive ion mode. 
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4.2. Characterization of compounds by LC/MS/MS 

Liquid chromatography mass spectrometry is a very sophisticated technique used 

to study the chemical constituents of plants along with other diverse applications. Being a 

very sensitive technique it can detect minute quantities even at a micro or nano gram 

scale. Methanol extract was subjected to LC/MS/MS and LCMS chromatogram is shown 

in Figure 4.50. From this chromatogram some peaks were characterized according to 

their fragmentation patterns. Various peaks obtained through LC/MS/MS were further 

fragmented using software. These peaks were selected according to their elemental 

composition along with delta values. By analyzing the fragmentation patterns and 

molecular ion peaks we can predict the chemical composition of samples. 

4.2.1. Peak 1 

Accurate mass was measured as 273.07523 and molecular formula was detected 

as C15H13O5 with delta value of mass error as 1.904 ppm. This peak was fragmented and 

more likely structure was Naringenin with IUPAC name (2S)-5,7-Dihydroxy-2-(4-

hydroxyphenyl)-2,3-dihydro-4H-chromen-4-one. Fragmentation pattern is shown in 

Figure 4.51.Table 4.6 describes the cleaved fragments of Naringenin with their m/z ratios 

and relative intensities.  

4.2.2. Peak 2 

Accurate mass was noticed as 435.12833 with molecular formula C21H23O10 and 

delta value 0.858 ppm. Fragmentation pattern was showing (Figure 4.52) that this 

compound is Prunin that was already confirmed by NMR analysis. IUPAC name was 

given as 5-Hydroxy-2-(4-hydroxyphenyl)-4-oxo-3,4-dihydro-2H-chromen-7-ylβ-D 

glucopyranoside. m/z ratios with intensities of various fragments are tabulated in Table 

4.6.  

4.2.3. Peak 3 

Accurate mass was determined as 727.24237 with molecular formula C33H43O18. 

Delta value was detected as 2.531 ppm. This compound was Naringenin derivative with 

three sugars moieties but there were no data about the name of this compound. 

Fragmentation patterns are depicted in Figure 4.53 and characteristics m/z ratios of 

cleaved fragments along with their intensities are given in Table 4.6. 
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Table 4.6: LC/MS/MS profile of methanol extract of C. opaca. 

Peak 

No. 

Reten

tion 

time 

(Rt) 

Accura

te mass 

Elemental 

composition 

Delta 

value 

(ppm) 

Fragment ions 

m/z (Relative 

abundance) 

IUPAC Name 

1 0.42 273.075

23 

C13H23O10 1.0904 273(83), 171(30), 

153(100), 

147(45) 

(2S)-5,7-Dihydroxy-2-(4-

hydroxy phenyl)-2,3-dihydro-

4H-chromen-4-one 

2 2.29 435.128

33 

C21H23O10 0.858 273 (100), 5-Hydroxy-2-(4-

hydroxyphenyl)-4-oxo-3,4-

dihydro-2H-chromen-7-yl β-

D-glucopyranoside 

3 2.35 727.242

37 

C33H43O18 1.153 419(25), 

383(40),315(25), 

273(100), 147 

(20),129(32),  

85(35), 71(13) 

Naringin with three sugars 

4 2.43 1161.36

340 

2(C27H32O14) 1.167 727(13), 

580(75),435(38), 

419(88),401(25), 

315(13), 

273(100) 

Naringin Dimer 

5 2.57 249.096

77 

C10H17O7 0.439 249(75), 231(25), 

175(100), 

157(25), 139(32), 

129(30), 111(25), 

103(13) 

(7R)-4-((R)-1,2-

dihydroxyethyl)-7 hydroxy-

tetrahydro[1,3]dioxolo[4,5-

c]pyran-6-one. 

6 3.46 261.133

26 

C12H21O6 0.670 261(100), 

217(25), 173(50), 

155 (70) 

3,4,5,6 –tetramethoxyoxypan-

2-ol 

 

7 3.68 595.164

32 

C27H30O15 0.819 273(100), 2-(3,4-Dihydroxyphenyl)-5-

hydroxy -4-oxo-4H-chromen-

7-yl-2-O-(6-desoxy-α-L-

mannopyranosyl)-β-D-

glucopyranosid 

8 3.77 465.102

75 

C21H21O12 1.071 303(100), 2-(3,4-Dihydroxyphenyl)-5,7-

dihydroxy-4-oxo-4H-chrom 

en-3yl β-L glucopyranoside 

9 3.90 273.075

75 

C15H13O5 0.378 273(100), 

153(20) 

(2R,3R)-3,6,7-Trihydroxy-2-

phenyl -2,3-dihydro-4H-

chromen-4-one 

10 4.03 273.075

75 

C15H13O5 1.056 273(100) 2,7-Dihydroxy-3-(4-

hydroxyphenyl) -2,3-dihydro-

chromen-4-one. 

11 5.60 273.075

75 

C15H13O5 0.841 273(100), 

153(13) 

3,5,7-Trihydroxyflavanone 

12 6.84 273.075

7 

C15H13O5 0.239 273(100), 

153(13) 

5,8-Dihydroxy-2-(4-

hydroxyphenyl) -2,3-dihydro-

4H chromen-4-one 

13 7.54 273.075

75 

C15H13O5 0.0921 273(100), 

153(13) 

7,8-Dihydroxy-2-(4-

hydroxyphenyl) -2,3-dihydro-

4H-chromen-4-one 
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14 7.97 567.170

83 

C25H27O14 0.329 435(13), 405(13), 

399(20), 355 

(10), 389(100), 

273(50), 85(20) 

5-hydroxy-2-(4 

hydroxyphenyl)-8-(3,4 ,5-

trihydroxy-6-(3,4,5-trihydro 

xy-tetra hydro-2H-pyrane-2-

yloxy)-tetrahydro-2H-pyran-

2yloxy)chromen-4-one. 

 

 

Figure 4.50: LCMS chromatogram of methanol fraction of Carissa opaca. 

 

Figure 4.51: LC/MS/MS fragmentation pattern of (2S)-5,7-Dihydroxy-2-(4-

hydroxyphenyl)-2,3-dihydro-4H-chromen-4-one (naringenin). 
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Figure 4.52: LC/MS/MS fragmentation scheme of 5-Hydroxy-2-(4-hydroxyphenyl)-4-

oxo-3,4-dihydro-2H-chromen-7-yl β-D-glucopyranoside. 

 

Figure 4.53: LC/MS/MS fragmentations of Naringin with three sugars. 
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4.2.4. Peak 4 

Peak 4 was exhibiting accurate mass of 1161.36340 with delta value1.672. The 

fragmentation pattern of this peak was showing that this was the dimer of Naringin as 

shown in Figure 4.54. Table 4.6 indicates the m/z ratios and relative intensities of the 

fragment ions. 

4.2.5. Peak 5 

Accurate mass of peak five was measured as 249.09677 with chemical 

composition C10H17O7. Delta value was analyzed as 0.439 ppm. IUPAC name of the peak 

was given as (7R)-4-((R)-1,2-dihydroxyethyl)-7-hydroxy-tetrahydro-[1,3]dioxolo[4,5-

c]pyran-6-one. Fragmentation ions and their m/z ratios with intensities are shown in 

Figure 4.55 and Table 4.6 respectively.  

4.2.6. Peak 6 

This was showing accurate mass of 261.13309 with molecular composition as 

C12H21O6 and delta value was noticed as 0.670 ppm. IUPAC name was suggested as 

3,4,5,6 –tetramethoxyoxypan-2-ol. Structure of the compound is given in Figure 4.56 and 

patterns of fragmentations are described in Table 4.6 along with their relative intensities 

and m/z ratios.  

4.2.7. Peak 7 

Accurate mass of peak seven was presented as 595.16432 along with molecular 

formula C27H30O15. Delta value was shown as 0.819 ppm. IUPAC name for this peak 

compound was designates as 2-(3,4-Dihydroxyphenyl)-5-hydroxy-4-oxo-4H-chromen-7-

yl-2-O-(6-desoxy-α-L-mannopyranosyl)-β-D-glucopyranosid and common name was 

luteolin-7-rutinoside. Fragment ions are shown in Figure 4.57 and m/z ratios and relative 

intensities are described in Table 4.6. 

4.2.8. Peak 8 

Accurate mass of peak 8 was calculated as 465.10275 with molecular formula C21H21O12 

and delta error value was noticed as 1.071 ppm. IUPAC name was 2-(3,4-

Dihydroxyphenyl)-5,7-dihydroxy-4-oxo-4H-chromen-3yl β-L-glucopyranoside and 

common name was Isoquercitin. Fragment ions with base peak are shown in Figure 4.58 

and m/z ratios with relative intensities are mentioned in Table 4.6. 
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Figure 4.54: LC/MS/MS fragments of Naringin dimer. 

 

Figure 4.55: Fragments obtained by LC/MS/MS of (7R)-4-((R)-1,2-dihydroxyethyl)-7-

hydroxy-tetrahydro-[1,3]dioxolo[4,5-c]pyran-6-one. 

 

Figure 4.56: LC/MS/MS fragmentation of 3,4,5,6 –tetramethoxyoxypan-2-ol. 
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4.2.9. Peak 9 

Peak 9 was exhibiting accurate mass of 273.07575 with molecular formula 

C15H13O5. Value of delta was measured as 0.378 ppm. IUPAC name of the peak was 

designated as (2R,3R)-3,6,7-Trihydroxy-2-phenyl-2,3-dihydro-4H-chromen-4-one. 

Patterns of fragments ions are described in Figure 4.59 and m/z ratio of the compound is 

narrated in Table 4.6.  

4.2.10. Peak 10 

Peak 10 was displaying accurate mass of 273.07575 with molecular formula 

C15H13O5. Delta value was recorded as 1.056 ppm. IUPAC name for this compound was 

given as 2,7-Dihydroxy-3-(4-hydroxyphenyl)-2,3-dihydro-chromen-4-one. Patterns of 

fragment formation are shown in Figure 4.60 and Table 4.6 describes its m/z ratios along 

with relative intensities.  

4.2.11. Peak 11 

Peak 11 was displaying accurate mass of 273.07575 with molecular formula 

C15H13O5 and delta value 0.841. IUPAC name of the peak was given as 3,5,7-

Trihydroxyflavanone. Fragmentation scheme is shown in Figure 4.61 and m/z with 

relative intensities aredescribed in Table 4.6. 

4.2.12. Peak 12 

Accurate mass of the peak 12 was recorded as 273.0757 with molecular formula 

C15H13O5 and delta value 0.239. This peak indicated a compound with IUPAC name 5,8-

Dihydroxy-2-(4-hydroxyphenyl)-2,3-dihydro-4H-chromen-4-one. Fragment ion patterns 

are narrated in Figure 4.62 and m/z ratios of the fragments are displayed in Table 4.6. 

4.2.13. Peak 13 

Peak 13 was exhibiting accurate mass of 273.07575 and molecular formula was 

determined as C15H13O5 with delta value 0.0921. IUPAC name for this compound was 

given as 7,8-Dihydroxy-2-(4-hydroxyphenyl)-2,3-dihydro-4H-chromen-4-one. Fragment 

ion scheme is displayed in Figure 4.63 and m/z values are presented in Table 4.6.  

4.2.14. Peak 14 

This peak was exhibiting accurate mass of 567.17083 with molecular formulaC25H27O14 

and delta value was noticed as 0.329. Fragment patterns are shown in Figure 4.64 and m/z 

ratio with relative intensities are described in Table 4.6.  
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Figure 4.57: LC/MS/MS fragmentation scheme of 2-(3,4-Dihydroxyphenyl)-5-hydroxy-

4-oxo-4H-chromen-7-yl-2-O-(6-desoxy-α-L-mannopyranosyl)-β-D-glucopyranosid. 

 

Figure 4.58: LC/MS/MS fragmentation of 2-(3,4-Dihydroxyphenyl)-5,7-dihydroxy-4-

oxo-4H-chromen-3yl β-L-glucopyranoside. 

 

Figure 4.59: LC/MS/MS fragment ions of (2R,3R)-3,6,7-Trihydroxy-2-phenyl-2,3-

dihydro-4H-chromen-4-one. 
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Figure 4.60: LC/MS/MS fragments of 2,7-Dihydroxy-3-(4-hydroxyphenyl)-2,3-dihydro-

chromen-4-one. 

 

Figure 4.61: LC/MS/MS fragmentation of 3,5,7-Trihydroxyflavanone. 

 

Figure 4.62: Fragments obtained by LC/MS/MS of 5,8-Dihydroxy-2-(4-hydroxyphenyl)-

2,3-dihydro-4H-chromen-4-one.  
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Figure 4.63: LC/MS/MS fragmentation of 7,8-Dihydroxy-2-(4-hydroxyphenyl)-2,3-

dihydro-4H-chromen-4-one. 

 

Figure 4.64: LC/MS/MS fragmentation scheme of 5-hydroxy-2-(4-hydroxyphenyl)-8-

(3,4,5-trihydroxy-6-(3,4,5- trihydroxy-tetrahydro-2H-pyrane-2-yloxy)-tetrahydro-2H-

pyran-2-yloxy)chromen-4-one. 

 

Figure 4.65: GCMS chromatogram of methanol extract of C. opaca. 
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4.3. Characterization through GCMS 

GCMS is also a very popular technique used to analyze the volatile components 

present in samples. For this purpose, methanol sample was subjected to gas 

chromatography mass spectrometry. GCMS chromatogram is shown in Figure 4.65. 

Various components inspected during GCMS are summarized in Table 4.7. Individual 

chromatograms for each compound and their structures are presented in appendix I. 

4.4. Biological activities of isolated compounds 

Natural product derived compounds are serving as the most important source of 

drugs used for the treatments of cancer, aging, diabetes, infectious and neurodegenerative 

diseases. After isolation and structural elucidation, biological activities of the compounds 

were investigated in various in vitro antioxidant test systems along with antibacterial and 

antifungal assays.  

4.4.1. Antioxidant assays 

Antioxidant manifestations belong to the potential of compounds to quench free 

radical and reactive oxygen species and are considered as one of the significant 

parameters to evaluate their active biological role. These assays are based on radical 

quenching mechanisms following various in vitro antioxidant test systems. Stock 

solutions of concentration 1 mg/ml of each sample were prepared in methanol and serial 

dilutions (6, 12, 25, 50, 100 µg/ml) were formed for further investigation of antioxidant 

assays. 

4.4.1.1. DPPH radical inhibition 

In this assay DPPH serve as a source of radical production and initiate chain 

reactions. In this assay it was observed that Naringin, Prunin and Ursolic acid were 

appreciably effective in radical scavenging with IC50 of 21.1±0.53, 22.1±1.07 and 

20.1±0.96 respectively as described in Table 4.8. It was confirmed that their IC50 values 

were noticed as very close to the standard compounds. Procrim a and Uvaol were also 

good in DPPH inhibition with IC50 of 26.7±1.73 and 31.3±0.87 respectively. Table 4.8 

shows order of inhibition against DPPH as follow Ursolic acid > Naringin > Prunin > 

Procrim a > Uvaol.  

4.4.1.2. ABTS radical inhibition 

ABTS was also a good measure of analyzing antioxidant character of plant 

compounds and extracts. Table 4.8 shows the inhibition profile displayed by various 

compounds against ABTS and it was concluded that Naringin and Ursolic acid were 

showing very strong inhibition with IC50 values 26.6±0.77 and 26.7±0.65 and were 
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competing the standard compounds. Prunin was also good with IC50 value 29.6±0.81 

whereas Procrim a and Uvaol were displaying IC50 of 32.6±0.84 and 34.1±1.26 

respectively. Inhibition lie in the order: Naringin > Ursolic acid > Prunin > Procrim a > 

Uvaol as shown in Table 4.8. 

4.4.1.3. H2O2 scavenging 

Regarding H2O2 radical inhibition, Ursolic acid was behaving as a very strong 

scavenger with IC50 8.5±0.87 whereas Prunin was showing good activity with IC50 

11.2±0.47. Uvaol and Naringin were appreciably inhibiting the radical with IC50 

12.1±1.16 and 12.5±0.38 where as IC50 for Procrim a was noticed as 17.8±0.23 as shown 

in Table 4.8. Inhibition order was as follow Ursolic acid > Prunin > Uvaol > Naringin > 

Procrim a.   

4.4.1.4. Hydroxyl radical scavenging  

In this analysis Ursolic acid was proven to be a good inhibitor of OH radical with 

IC50 11.1±1.14 as depicted in Table 4.8. IC50 value of Procrim a (15.5±1.64) was also 

very good whereas similar inhibition was displayed by Uvaol, Prunin and Naringin with 

IC50 17.1±0.73, 17.4±0.16 and 19.3±0.71 respectively. Order of inhibition was noticed as 

Ursolic acid > Procrim a > Uvaol > Prunin > Naringin. 

4.4.1.5. Superoxide radical scavenging 

Naringin and Ursolic acid were behaving as strong scavengers of O2 radical with 

IC50 range from 10.2±0.66 and 10.4±0.63 respectively. IC50 against O2 for Prunin and 

Uvaol was noticed as 11.1±0.49 and 12.0±1.12 respectively whereas Procrim a was 

presenting IC50 of 19.2±0.72 as shown in Table 4.8. Order of inhibition was as follows: 

Naringin > Ursolic acid > Prunin > Uvaol > Procrim a.  

4.4.1.6. Phosphomolybdate radical inhibition 

A good percentage inhibition was observed by Ursolic acid and Uvaol with IC50 

of 20.1±0.61 and 23.9±0.73 respectively as described in Table 4.8. Naringin and Prunin 

were also behaving as good scavengers with IC50 values 25.2±0.84 and 29.6±0.37 

respectively whereas IC50 for Procrim a was observed as 34.9±0.36 as summarized in 

Table 4.8. Order of inhibition ranges from Ursolic acid > Uvaol > Naringin > Prunin > 

Procrim a.  
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Table 4.7: GCMS profile of methanol extract of C. opaca. 

Serial 

No. 

Retention 

time 

Molecular 

formula 

Molecular 

weight 

Name 

1 7.11 C4H6N4O2S 174 
2-[(1-methyl-1H-1,2,3,4-tetrazol-5-

yl) thio] acetic acid 

2 7.49 C11H25BSi 196 
diethyl[1-[(trimethylsilyl)methylen 

e]  propyl]-,(Z) Borane 

3 8.15 C8H8O 120 2,3-dihydro- Benzofuran 

4 8.44 C9H8O3 164 
3-(2-hydroxyphenyl), (E)- 2-Propen 

oic acid 

5 9.92 C10H16O2 168 Geranic acid 

6 10.14 C10H16O2 168 Neric acid 

7 10.56 C10H10O2 162 Nerolic acid 

8 12.42 C22H46 310 Docosane 

9 12.66 C18H38 254 
2,2,4,9,11,11-hexamethyl-

Dodecane 

10 12.90 C29H60 408 Nonacosane 

11 13.27 C27H27NOS 413 
(S)-(-)-2-[(Methylthio)methyl]-2'-(4 

morpholinylmethyl)-1,1'binaph thyl 

12 13.68 C11H18O2 182 
3,7-dimethyl-methylester-2,6-Octa 

dienoic acid 

13 13.71 C12H20O2 196 Ethyl geranate 

14 13.96 C10H16N2O 180 
1,7-Dimethyl-4,4a,5,6 tetrahydropy 

rido-1H-[1,2-b]pyridazin-2(3H) one 

15 14.02 C10H12O3 180 
2,6-Dimethyl-3-(methoxymethyl)-p 

benzoquinone 

16 15.06 C9H12N2O2 180 
9-hydroxy-1-methyl-1,2,3,4-tetrahy 

dro8hpyrido (1,2-a) pyrazin-8-one 

17 15.73 C11H16O2 180 
1,4-Dimethoxy-2,3,6-trimethyl 

benzene 

18 16.19 C15H26O 222 7-epi-trans-sesquisabinene hydrate 

19 16.42 C20H32 272 Geranyl-a-terpinene 

20 17.19 C6H13Br 164 3-bromo-Hexane 

21 17.44 
C12H12Cl2 

O3 
274 

2-formyl-4,6-dichlorophenyl ester 

Valeric acid 

22 18.33 C7H14O5 178 2,4-Methylene-D-epirhamnitol 

23 19.27 C8H14O6 206 2,4:3,5-Dimethylene-l-iditol 
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24 19.86 C20H38 278 Neophytadiene 

25 19.48 C20H40O 296 
3,7,11,15-Tetramethyl-2-hexadecen 

-1-ol 

26 20.31 C22H42O2 338 Phytol acetate 

27 21.63 C17H34O2 270 Methyl ester Hexadecanoic acid 

28 21.97 C17H34O2 270 
14-methyl-methyl ester-penta 

decanoic acid 

29 22.20 C12H18O4 226 
3-(4-Hydroxy-3,5-dimethoxyphen 

yl)-2-methylpropan-1-ol 

30 22.41 
C10H14N2O

4 
226 

Dimethyl 3,6-dimethyl-1,4-dihydro 

pyridazine-4,5-dicarboxylate 

31 22.64 C13H24O 196 
(Z)-3-[(2-methylcyclohexylidene) 

methyl]-3-pentanol 

32 22.81 C12H18O3 210 
2-Isopropyl-6,6-dimethyl-1oxaspiro 

[2.5]octane-4,8-dione 

33 23.27 C14H14N2 210 
1-Methyl-8-phenyl-3,4-dihydro pyr 

rolo[1,2-a]pyrazine 

34 23.88 C11H14O4 210 3,5-Dimethoxy-p-coumaric alcohol 

35 24.58 C13H10N2O 210 10-Methyl-2(10H)-phenazinone 

36 24.94 C19H36O2 296 Methyl ester 9-octadecenoic acid  

37 25.58 C19H36O2 296 Methyl ester 8-octadecenoic acid 

38 27.01 C30H52O2 444 3,16-diol Ursane 

39 27.31 C11H22O3 202 
2-Isopropyl-5,5-dimethyl-1,3-diox 

ane-2-ethanol 

40 27.39 C23H18 294 
9H,10H-4b,9a ([1,2]benzenemeth 

ano)indeno [1,2-a]indene 

41 27.82 C14H19BrO 282 bromide of 21 

42 28.05 C15H9N 203 Thebenidine 

43 28.22 C22H17Cl2 425 

6-(2,4-Dichlorophenyl)-3-cyano-4-

(N-phenyl piperazino)-2H-pyran-2-

one 

44 28.42 C21H24O7S2 452 

(2S,3R,4E)-5-Benzenesulfonyl-2,3 

isopropyli denedioxypent-4-en-1-yl 

tosylate 

45 28.07 C28H23ClO2 426 

2-[2-[(p-Chlorophenyl)oxy]-5-meth 

ylphenyl]-1-methoxy-1,2-diphenyl-

ethene 

46 28.93 C16H30O 238 E-11-Hexadecenal 

47 29.41 C10H16O2 168 5-hydroxy-2-decenoic acid lactone 
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48 29.56 C18H34O 266 13-Octadecenal 

49 29.87 C25H48 348 
1-cyclopentyl-4(3cyclopentylpropy 

l) Dodecane 

50 30.42 C29H50O 414 (3a,24S)-Stigmast-5-en-3-ol  

51 30.49 C24H32O5 400 
14,15-epoxy-3,11-dihydroxy-, (3á, 

5á,11à,15á)- Bufa-20,22-dienolide 

52 30.58 C24H32O5 400 11a-hydrozyresibufogenin 

53 31.14 C24H38O4 390 di(2-propylpentyl)esterPhthalic acid 

54 31.37 C24H38O4 390 Di-(2-ethylhexyl) phthalate 

55 31.44 C16H22O4 278 
Mono(2-ethyl hexyl) ester1,2 

Benze nedicarboxylic  acid 

56 31.73 C19H36O 280 
12-Methyl-E,E-2,13-octadecadien-

1-ol 

57 32.11 C19H34O2 294 
E,E,Z-1,3,12-Nonadecatriene-5,14-

diol 

58 32.65 C18H34O2 282 6-Octadecenoic acid 

59 33.11 C30H50O3 458 
3a,18,20-triol 20.Xi-Lanosta-7,9 

(11)-diene 

60 33.35 C17H14O6 314 
2-(3,4-dimethoxy phenyl)-5,7-dihy 

droxy-4H-1-Benzopyran-4-one 

61 33.72 C22H25NO6 399 

N-(5,6,7,9-tetrahydro-1,2,3,10-tetra 

methoxy-9-oxobenzo[a]heptalen-7-

yl)-(S)-Acetamide 

62 34.10 
C27H52O4S 

i2 
496 

2,3-bis [(trimethylsilyl)oxy]propyl 

ester, (Z,Z,Z) 9,12,15-Octadecatrie 

noic acid 

63 34.62 C27H40O6 460 
3-(acetyloxy)-7,12-dioxo-, methyle 

ster, (3a,5a)- Cholan-24-oic acid 

64 35.12 C19H36O 280 2-Methyl-Z,Z-3,13-octadecadienol 

65 35.22 C20H38O2 310 Z-2-Octadecen-1-ol acetate 

66 35.57 C28H48O 400 (3a,24R)-Ergost-5-en-3-ol 

67 35.66 C28H48O 400 Campesterol 

68 35.98 C30H50 410 
2,6,10,15,19, 23-hexamethyl-2,6, 

10,14,18,22-Tetracosahexaene  

69 36.32 C21H30O2 314 Gynolutone 

70 36.41 C21H30O2 314 Progesterone 

71 36.57 C21H30O2 314 Pregn-4-ene-3,20-dione 

72 37.00 C24H34O5 402 2-acetoxy-7-methylene-1,1,4atrime 
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thyl-8-(2-methoxycarbonylethyl)-1, 

2,3,4,4a,5,6,7,8,8a,9 Dodecahydrop 

henanthren-9-one 

73 37.58 C23H31NO5 401 

8cyanomethyl-2-methoxy-7 metho 

xycarbonyl-1,1,7-trimethyl2,4a-Ox 

ymethano-1,2,3,4,4a,4b, 5,6,7, 8,8a, 

9-do decahydrophenanthren-9-one 

74 37.86 C29H42O7 502 

17a-Acetoxy-1',1'-dicarboethoxy1a, 

2a-dihydro-17a-methyl-3'H-cyclo 

prop[1,2]-5a-androst-1-en-3-one 

75 38.79 C30H48O2 440 3-Oxoallobetulane 

76 38.99 C21H21NO6 383 (-)-Corlumine 

77 39.05 C21H25NO5 371 N-methyldeacetylcolchicine 

78 40.40 C14H5F12N 415 
1-Phenyl-2,3,4,5-tetrakis (trifluoro 

methyl) pyrrole 

79 40.22 C30H22O2 414 
8,9:14,15-dibenzo-2,4,6,16, 18,20 

docosa hexaene -10,12-diynedial 

 

Table 4.8: Antioxidant profile of compounds isolated from leaves of C. opaca 

IC50 µg/ml 

Compou

nd 

DPPH• 

scavenging   

ABTS• 

scavenging 

H2O2 

scavenging 

OH• 

scavenging 

O2• 

scavenging 

Phosphomol

ybdate• 

Scavenging 

Naringin 21.1±0.53
a
 26.6±0.77

a
 12.5±0.78

c
 19.3±0.71

e
 10.2±0.66

b
 25.2±0.84

d
 

Prunin 22.1±1.07
a
 29.6±0.81

b
 11.2±0.47

c
 17.4±0.56

d
 11.1±0.49

c
 29.6±0.37

e
 

Ursolic 

acid 
20.1±0.96

a
 26.7±0.65

a
 8.5±0.87

b
 11.1±1.14

a
 10.4±0.63

b
 20.1±0.61

b
 

Uvaol 31.3±0.87
c
 34.1±1.26

c
 12.1±1.16

c
 17.1±0.73

d
 12.0±1.12

c
 23.9±0.73

c
 

Procrim a 26.7±1.73
b
 32.6±0.84

c
 17.8±1.2

d
 15.5±1.64

c
 19.2±0.72

d
 34.9±0.36

f
 

Ascorbic 

acid 
19.3±0.60

a
 27.5±0.71

a
 5.8±0.97

a
 10.1±1.37

a
 7.5±1.29

a
 21.5±0.52

b
 

Rutin 30.4±1.16
c
 35.1±0.80

c
 6.0±1.49

a
 13.5±1.24

b
 9.2±0.84

b
 14.6±1.18

a
 

Values are represented as mean ± SD (n=3). Different letters (
a-e

) denote the significance 

(P<0.05). 
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4.4.2. Reducing power capability 

Reducing power of the substance is also a measure of its total antioxidant 

potential. Ursolic acid and Naringin showed strong reducing capabilities that were nearly 

parallel to the standard compound as shown in Figure 4.66. Uvaol and Prunin also 

exhibited good reducing power although less than Ursolic acid and Naringin whereas 

Procrim a was displaying moderate reducing power as shown in Figure 4.66. 

4.4.3. In vitro lipid peroxidation 

Lipid peroxidation potential of compounds was analyzed by using chicken liver 

homogenate. TBARS contents formation was initiated as a result of lipid peroxidation. 

Determining the TBARS contents inhibitions serve as a clue for compounds to have 

antioxidant characteristics. All compounds were exhibiting appreciable inhibition of 

TBARS as shown in Figure 4.67. Ursolic acid, Naringin, Uvaol and Prunin were showing 

strong lipid peroxidation inhibitions whereas Procrim a was moderately effective as 

depicted in Figure 4.67.  

4.4.4. Antimicrobial activity 

4.4.4.1. Antibacterial activity 

Antibacterial activity was evaluated using disc diffusion method against six 

bacterial strains. Naringin showed strong antibacterial activity against all strains with 

MIC 6 µg/ml whereas Prunin was displaying MIC 6 µg/ml for S. aureus, B. subtilis, E. 

coli and K. pneumoniae whereas MIC 12 µg/ml of Prunin was effective against M. luteus 

and S. typhi as described in Table 4.9. Ursolic acid showed MIC 6 µg/ml as effective 

dose for all Gram positive bacteria along with S. typhi which was Gram negative strain. 

Ursolic acid was displaying MIC value of 12 µg/ml against E. coli and K. pneumoniae 

(Table 4.9). In evaluating antibacterial activity of Uvaol, it was observed that MIC 6 

µg/ml was only effective against S. aureus and M. luteus whereas MIC 12 µg/ml was 

effective for B. subtilis, E. coli and S. typhi. MIC 25 µg/ml of Uvaol was noticed for K. 

pneumoniae as shown in Table 4.9. Procrim a was also behaving as a good antibacterial 

agent against B. subtilis, M. luteus and S. typhi at MIC value 6 µg/ml. MIC 12 µg/ml was 

noticed for S. aureus, E coli and K. pneumoniae (Table 4.9).  
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Figure 4.66: Reducing power evaluation of compounds of C. opaca. 
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Figure 4.67: In vitro lipid peroxidation inhibition of compounds of C. opaca. 

 

Figure 4.68: Cytotoxic activity of compounds using MTT assay. 
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4.4.4.2. Antifungal activity 

Antifungal activity of compounds was analyzed against four fungal strains using agar 

slant method. Naringin was effective in inhibiting the fungal growth against A. niger, A. 

flavus,and A. fumigatus with % inhibition of 81.57±1.85, 85.62±1.30 and 82.97±0.64 

respectively whereas for F. solani % inhibition was noticed as 78.44±0.32 as summarized 

in Table 4.10. Prunin showed a good % inhibition 81.31±0.93 and 78.10±1.41 against A. 

flavus and A. fumigatus respectively whereas moderate % inhibition was exhibited 

against 72.34±1.11 and 62.85±0.30 for A. niger and F. solani respectively (Table 4.10).  

Ursolic acid was strong inhibitor of fungal growth as shown in Table 4.10 with % 

inhibition range from 88.93±0.57, 87.35±0.86, 85.54±1.07 and 85.45±0.64 for A. niger, 

A. fumigatus, F. solani and A. flavus respectively. Uvaol and Procrim a showed moderate 

% inhibitions as summarized in Table 4.10. % inhibition observed for A. fumigatus and A. 

niger was noticed as 63.87±1.03 and 60.97±0.83 respectively whereas this was less than 

60 % in the case of A. flavus (56.73±1.12) and F. solani (51.74±0.32). Percentage 

inhibition displayed by Procrim a was 79.42±0.94 and 76.45±1.17 for A. niger and F. 

solani respectively whereas it was 60.79±0.98 and 58.29±1.01 for A. flavus and A. 

fumigatus respectively (Table 4.10).  

4.4.5. Cytotoxicity screening (MTT assay) 

Figure 4.68 describes that none of the sample displayed toxicity against Hela cell lines 

when tested in an MTT assay.  
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Table 4.9: MIC values measured in antibacterial screening of compounds of C. opaca. 

Compound 

Minimum inhibitory concentration (µg/ml) 

Gram positive strains Gram negative strains 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Micrococcus 

luteus 

Escherichia 

coli 

Salmonella 

typhi 

Klebsiella 

pneumoniae 

Naringin 6 6 6 6 6 6 

Prunin 6 6 12 6 12 6 

Ursolic acid 6 6 6 12 6 12 

Uvaol 6 12 6 12 12 25 

Procrim a 12 6 6 12 6 12 

       

*The data represent the mean values of three replicates 

 

Table 4.10: Antifungal activity of compounds isolated from C. opaca. 

Compound 

Percentage inhibition (%) 

Aspergillus 

niger 

Aspergillus 

flavus 

Aspergillus 

fumigatus 

Fusarium 

solani 

Naringin 81.57±1.85 85.62±1.30 82.97±0.64 78.44±0.32 

Prunin 72.34±1.11 81.31±0.93 78.10±1.41 62.85±0.30 

Ursolic acid 88.93±0.57 85.45±0.64 87.35±0.86 85.54±1.07 

Uvaol 60.97±0.83 56.73±1.12 63.87±1.03 51.74±0.32 

Procrim a 79.42±0.94 60.79±0.98 58.29±1.01 76.45±1.17 

Terbinafine 86.76±0.97 88.46±0.98 89.46±1.06 83.35±1.07 

*Data represents the mean value of triplicates 
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Section B: In vitro Pharmacological studies of D. roxburghiana 

D. roxburghiana is an important herbaceous plant and there was no any scientific 

data available for this plant. For this purpose this project was designed to scrutinize the 

crude extract/fractions to demonstrate their pharmacological worth. These parameters 

include demonstration of chemical characterization, in vitro antioxidant, antimicrobial, 

cancer chemopreventive and cytotoxic potential of the plant. Protective potential of 

methanol extract was determined through toxicity studies in mice. 

4.5. Phytochemical profile; GCMS analysis of D. roxburghiana 

It is universally accepted that plants are a significant source of therapeutic and 

biologically active constituents. A number of phytochemicals are protectants against 

various serious health maladies. Keeping in view this undeniable worth of the plants, the 

methanolic sample of D. roxburghiana was subjected to gas chromatography/mass 

spectrometry to inspect and unravel the phytoconstituents. GCMS chromatogram of D. 

roxburghiana is shown in Figure 4.69. Compounds details along with their molecular 

formulas, molecular weight and retention times are summarized in Table 4.11. Individual 

chromatograms of compounds along with structures are described in appendix II. 

4.6. Phytochemical screening of D. roxburghiana 

4.6.1. Qualitative phytochemical analysis  

Secondary metabolites are considered to be important phytochemicals which are 

considered as the active principles of medicinal plants. During this assessment it was 

observed that flavonoids, tannins and terpenoids were present in the DRME and its 

derived fractions; DRHF DREF, DRCF, DREF and DRAF as described in Table 4.12. 

Results confirmed the presence of phenolics in all fractions except DRHF whereas 

alkaloids were absent in DRCF and DRAF. All fractions were rich in saponins except 

DREF. Coumarins were richly supplied in DRME, DREF, DRBF and DRAF whereas 

these contents were missing in DRHF and DRCF (Table 4.12). Cardiac glycosides were 

present in all fractions except DRHF and DRAF. DRME, DREF and DRBE were 

consisting of phlobatannins that were missing in rest of other fractions. Anthraquinones 

were present in all fractions except DRBF and DRAF (Table 4.12).  
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Figure 4.69: GCMS Chromatogram of D. roxburghiana methanol extract. 
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Table 4.11: GCMS profile of the methanol extract of D. roxburghiana. 

Serial 

No. 

Retention 

time 

Molecular 

formula 

Molecular 

weight 
Name 

1 6.32 C30H56 416 
1-[1-(3-cyclohexylpropyl)undecyl] 

decahydro- Naphthalene 

2 7.53 C12H18O 178 
(1a,5a,6a,7a)-6,7-(Z,E)-Dipropenyl-3-

oxabicyclo[3.2.0]heptane 

3 9.47 C10H14O 150 2-ethyl-4,5-dimethyl-Phenol 

4 9.55 C10H14O 150 2,3,4,6-tetramethyl-Phenol 

5 9.59 C10H17Cl 172 
2-chloro-2,3,3-trimethyl-bicyclo 

[2.2.1] heptane 

6 9.61 C14H22O 206 
2-tert-Butyl-4-isopropyl-5-

methylphenol 

7 10.56 C10H18O 154 Cis-sabinenehydrate  

8 10.93 C10H16 136 Camphene 

9 13.26 C6H12O2 116 Tetrahydro-2-methoxy-3-[13C]-pyran 

10 13.95 C6H12S 116 3-[(1-methylethyl)thio]-1-Propene 

11 14.77 C13H17N 187 
1-(2-Methyl-propenyl)-indan-2-

ylamine 

12 15.48 C11H16O3 196 Loliolide 

13 17.15 C14H22O3 238 
[2-(2',6',6'-Trimethyl-1',2'-epoxycy 

clohexyl-1-propen-1-yl] acetate 

14 18.27 C13H24O 196 
2,2,6,7-tetramethyl-7-hydroxy- 

Bicyclo[4.3.0]nonane 

15 19.88 C20H40O 296 
3,7,11,15-Tetramethyl-2-hexadecen-1-

ol 

16 20.47 C20H38 278 Neophytadiene 

17 20.78 C22H42O2 338 Phytol acetate 

18 21.67 C17H34O2 270 Methyl ester-Hexadecanoic acid 

19 21.93 C19H38O4 330 
2,3-dihydroxypropyl ester-

Hexadecanoic acid 

20 22.34 C17H34O2 270 
14-methyl-, methyl ester-

Pentadecanoic acid  

21 22.61 C15H30O2 242 Pentadecanoic acid 

22 22.74 C16H32O2 256 Hexadecanoic acid  

23 24.17 C8H9Br 184 (1-bromoethyl)-Benzene 

24 24.68 CH8Si2 76 Methylenebis-Silane 

25 24.83 C19H36Cl2O2 366 
9,10-dichloro-methyl ester- 

Octadecanoic acid 

26 24.96 C19H36O2 296 Methyl ester-9-Octadecenoic acid (Z) 

27 25.48 C17H34O2 270 
14-methyl-methyl ester-Pentadeca noic 

acid 

28 25.99 C19H36D2O2 298 Methyl 13,14-dideutero-octadecan oate  
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29 26.01 C5H10O2 102 (2S)-Methylbutanoic Acid 

30 26.52 C19H36O2 296 Methyl ester-cis-13-Octadecenoic acid 

31 26.95 C10H14D2O 152 
5,6-Dideuterio-8-trans-methylhydrin 

dan-2-one.  

32 27.51 C16H32O3 272 
(E)-1-(Methoxymethoxy)-1-

tetradecen-3-ol 

33 27.62 C14H26 194 
1-(cyclohexylmethyl)-3-methyl-, trans- 

Cyclohexane 

34 28.11 C20H18 258 
3b,4,5,6,7,7a-Hexahydrobenzo [b] 

fluoranthene 

35 28.05 
C19H14BrN3 

OS 
411 

2-amino-4-(4-Bromophenyl)-7,9-dim 

ethyl-4hhpyrano[2’,3’:4,5]thieno [2,3 -

b]pyridine-3-carbonitrile  

36 28.62 C28H48O 400, Ergost-22-en-3-ol 

37 28.94 C21H42O2 326 Methyl ester-Eicosanoic acid 

38 29.42 C17H34O2 270 
14-methyl-, methyl ester-Pentadecan 

oic acid  

39 29.73 C25H50O2 382 Methyl ester-Tetracosanoic acid 

40 30.28 C20H28O3 316 
16-Hydroxymethyleneandrost-5-en-3-

ol-17-one 

41 30.35 
C22H19F2N 

3OS 
411 

2-amino-1-(2,6-diflouro-phenyl)-4-(-5 

ethyl-thiophene-2-yl)-5-oxo-1,4,5,6,7, 

8-hexahydro-quinoline-3-carbonitrile  

42 30.41 
C16H17F3N 

2O4 
358 

2,2,2-trifluoroethyl ester -1,2,3,4-tetra 

hydro-4-(4-ethoxyphenyl)-6-methyl2- 

oxo- Pyrimidine-5-carboxylic acid 

43 30.57 C8H20N2S2 208 
2,2'-dithiobis(N,N-dimethyl) 

Ethanamine, 

44 31.10 C19H38O4 330 
2-hydroxy-1-(hydroxyl methyl)ethyl 

ester Hexadecanoic acid 

45 31.29 C19H38O4 330 Glycerol 1-palmitate 

46 31.55 C24H38O4 390 Di(2-propylpentyl) ester-Phthalic acid 

47 31.83 C30H50O 426 Lupeol 

48 31.96 C30H50O 426 (3a)-Lup-20(29)-en-3-ol 

49 32.11 C32H52O2 468 (3a)-Lup-20(29)-en-3-ol-acetate 

50 33.29 C30H40O8 528 

2,4-Octadienoic acid,9a-(acetyloxy)-

1a,1b,4,4a,5,7a,7b,8,9,9a-decahydro-

4a,7b-dihydroxy-3- (hydroxymethyl)-

1,1,6,8-tetramethyl-5-oxo 1Hcyclopr 

opa [3,4]benz [1,2-e]azulen-9-ylester, 

[1aR [1aà,1bá, 4aá,7aà,7bà, 8à,9á 

(2Z,4E),9aà] 

51 33.35 C16H18N4 298 

2-benzyl-3-oxo-13-hydroxy-1,4,11,12 

-tetraaza tricyclo[8.3.0.0 (4,8)] trideca 

-10(11),12-diene 
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52 33.59 C7H8O3 140 
(+-)-endo-7-Oxabicyclo[2.2.1]hept-5-

ene-2-carboxylic acid 

53 33.68 C28H32 368 
1,1'-[4-(3-phenylpropyl)-3-heptene-

1,7-diyl]bis-Benzene 

54 33.70 C21H40O4 356 
2,3-dihydroxypropyl ester-9-

Octadecenoic acid (Z) 

55 33.89 C21H40O3 340 3-hydroxypropyl ester-Oleic acid 

56 34.15 C33H49NO8 587 Pseudojervine 

57 34.22 C32H49NO8 575 Angeloylzygadenine 

58 34.41 C19H35FO2 314 Methyl-18-fluoro-octadec-9-enoate 

59 34.54 C24H38O4 390 
bis(2-ethyl hexyl)ester-1,4-Benzenedi 

carboxylic acid 

60 34.88 C24H38O4 390 
2-ethylhexyl octyl ester Terephthalic 

acid 

61 35.46 C29H50O 414 (3a,24S)-Stigmast-5-en-3-ol 

62 35.71 C23H32N2O4 400 

1-acetyl-5-ethyl-2-[3-(2hydroxyethyl) 

-1H-indol-2-yl]-a-methyl-methylester 

4-Piperidineacetic acid 

63 35.92 C28H38O9 518 
3-methoxy-7,11,18-triacetoxy3,9-Epo 

xypregn-16-en-20-one 

64 36.01 C15H26O 222 trans-Farnesol 

65 36.27 C30H52O 428 

2,2,4-Trimethyl-3-(3,8,12,16-tetrame 

thyl-heptadeca-3,7,1 1,15-tetraenyl) -

cyclohexanol 

66 36.41 C22H34O4 362 
4,4-dimethyl- (13a) 3a-Methoxy-

3a,19-epoxyandr ost -5-en-7,17a-diol  

67 37.03 C24H14Cl2N2 400 
3,8-Dichloro-6-phenylindolo[2,3-

a]carbazole 

68 37.22 C26H18Cl2 400 
(E) and (Z)-1,2-Bis(p-chlorophenyl)-

1,2-diphenylethene 

69 38.66 C30H19NO2 425 
2,3-Dibenzoyl-1H-phenanthro[9,10-

b]pyrrole 

70 39.57 C29H26O2S 438 
Methylsulfoxyphenyldimethylcyclopha

nene 

71 39.62 C23H20 296 
1-(Methylphenyl)-2,7-dimethyl 

anthracene 

72 39.95 C20H14N2O 298 
Ethanone, 2-(5H-indeno[1,2 b]pyrid 

ineyli de ne)-1-phenyl-oxime 
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Table 4.12: Phytochemical preliminary screening of the extracts from D. roxburghiana. 

Phytochemicals DRME DRHF DRCF DREF DRBF DRAF 

Flavonoids + + + + + + 

Phenolics + _ + + + + 

Alkaloids + + _ + + _ 

Tannins + + + + + + 

Saponins + + + _ + + 

Coumarins + _ _ + + + 

Terpenoids + + + + + + 

Cardiac glycosides + _ + + + _ 

Phalobatannins + _ _ + + _ 

Anthraquinones + + + + _ _ 

Key indicates DRME: D. roxburghiana methanol extract; DRHF: D. roxburghiana n-

hexane fraction; DREF: D. roxburghiana ethyl acetate fraction; DRCF: D. roxburghiana 

chloroform fraction; DRBF: D. roxburghiana n-butanol fraction; DRAF: D. 

roxburghiana aqueous fraction. 

Table 4.13: Extraction yield, total phenolic and flavonoid contents of D. roxburghiana. 

Extract Total phenolic 

(mg GAE/g Dry 

weight) 

Total flavonoids 

(mg RE/g Dry 

weight) 

Extraction 

yield 

(%) 

DRME 189.4±1.1
a
 235.3±0.8

a
 10.3±1.1

a
 

DRHF 13.5±0.9
f
 18.7±1.2

d
 4.7±0.7

e
 

DRCF 179.5±0.3
b
 218.7±1.5

b
 4.2±0.6

e
 

DREF 163.3±2.1
c
 213.3±1.1

b
 5.8±1.8

d
 

DRBF 135.9±0.4
d
 203.3±1.7

b
 6.7±0.9

c
 

DRAF 82.7±0.5
e
 69.4±0.8

c
 8.6±1.5

b
 

Values are represented as mean ± SD (n=3). Key indicates DRME: D. roxburghiana 

methanol extract; DRHF: D. roxburghiana n-hexane fraction; DREF: D. roxburghiana 

ethyl acetate fraction; DRCF: D. roxburghiana chloroform fraction; DRBF: D. 

roxburghiana n-butanol fraction; DRAF: D. roxburghiana aqueous fraction. 
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4.6.2. Extraction yield 

Extraction yield varied from highest value of 10.3±1.1% for DRME and lowest 

value of 4.2±0.6% for DRCF along with descending order of DRME > DRAF > DRBF > 

DREF > DRHF > DRCF as tabulated in Table 4.13. Extraction yield was solvent 

dependent and was highest for the methanol as compared to others. 

4.6.3. Total phenolic and flavonoid contents  

Regarding total phenolic contents, wide variations were observed among different 

extracts with a range from 13.5±0.9 mg to 189.4±1.1 mg Gallic acid equivalent/g dry 

weight with a reference standard curve (Y=0.004x, r
2
=0.995). All this analysis again 

revealed that total phenolic contents were also solvent dependent, reflected highest in 

DRME and lowest in DRHF (Table 4.13).  

Total flavonoid contents were also measured in this quantitative screening as 

described in Table 4.13. Great variations were observed in different solvent extracts 

which ultimately authenticate the solvent dependence as highest for DRME and lowest 

for DRHF ranging from 235.3±0.8 mg to 18.7±1.2 mg rutin equivalent/g dry weight with 

the reference standard curve of Y= 0.003x, r
2
=0.932. 

4.7. In vitro antioxidant screening 

A number of different antioxidant assays were performed on various solvent 

extracts of D. roxburghiana to determine their antioxidant profiles because radical 

quenching potential is directly proportional to the antioxidant strength of the sample. 

These antioxidant assays were analyzed in different in vitro radical based systems and a 

correlation was determined between the flavonoid and phenolic contents and antioxidant 

behaviors. 

4.7.1. DPPH radical quenching screening 

DPPH radical quenching activity was noticed in the following order: DRCF > 

DRME > DRBF > DREF > DRAF > DRHF as depicted in the Figure 4.70A. IC50 values 

are summarized in Table 4.14 with a range of 114.27±1.2 µg/ml, 121.03±1.5 and 

124.23±1.1 µg/ml for DRCF, DRME and DRBF respectively. DREF exhibited IC50 of 

195.23±0.4 µg/ml and that of DRAF and DRHF were noticed as 242.63±0.5 and 

247.16±2.7 µg/ml respectively. Although the antioxidant consequences were not as 

strong as were the standards but still they are appreciable.  
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4.7.2. Superoxide radical quenching screening 

Superoxide radical quenching capability is demonstrated in Figure 4.70B and was 

displayed in the following descending order: DRME > DRCF > DRBF > DREF > DRAF 

> DRHF. IC50 values followed a great variation among different solvent extracts and 

were appreciable for DRME and DRCF which displayed 56.46±0.3 µg/ml and 73.18±0.4 

µg/ml, respectively. DREF and DRBF exhibited IC50 of 112.7±0.6 µg/ml and 

106.24±0.7µg/ml respectively as described in Table 4.14.  

4.7.3. Hydroxyl radical quenching screening 

All derived extract fractions exhibited a significant inhibition percentage as 

represented in Figure 4.70C. Methanol extract and chloroform fractions were behaving as 

potent radical scavengers. Their antioxidant potential was noticed with IC50 values of 

17.94±0.1 µg/ml and 23.62±0.1 µg/ml respectively. IC50 profile of various 

extract/fractions was ranging in the order of DRME > DRCF > DREF > DRBF > DRHF 

> DRAF as shown in Table 4.14. 

4.7.4. Phospomolybdate radical quenching screening 

Regarding phosphomolybdate, methanolic extract exhibited the highest 

percentage inhibition with IC50 value 24.18±0.6 µg/ml which was highly significant when 

compared with the standard (IC50 value 20.76±0.3 µg/ml) at the same dose level. Table 

4.14 depicted the IC50 values of all fractions and with the range in the following 

descending order: DRME > DRCF > DRBF > DREF > DRAF > DRHF as displayed in 

Figure 4.70D. 

4.7.5. ABTS radical quenching screening 

ABTS radical quenching character was significantly (P<0.05) displayed by all 

fractions and is tabulated in Table 4.14 and reflects appreciable antioxidant potential of 

the plant. Figure 4.70E describes percentage inhibition of D. roxburghiana. ABTS 

scavenging behavior falls in the following order of DRCF > DRME > DRBF > DREF > 

DRHF > DRAF. DRCF, DRMF, DRBF and DREF were behaving as strong scavengers 

with appreciable IC50 values ranging from 123.75±0.2 µg/ml to 217.79±0.6 µg/ml.   

4.7.6. Hydroxyl peroxide radical quenching screening  

All derived extract fractions displayed a very good OH radical scavenging with 

significant IC50 value (P<0.05) as shown in Table 4.14.This OH radical activity was also 
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concentration dependent as described in Figure 4.70F. The order of radical quenching 

behavior lies in the following manner DRME > DRCF > DREF > DRBF > DRAF > 

DRHF.  

4.7.7. Reducing power of D. roxburghiana 

Among the antioxidant profile determination, reducing power is one of the 

important markers to investigate the total antioxidant potential of the plant and it is 

assumed that increase in reducing power are actually a measure of antioxidant 

manifestations. It is also concentration dependent because there was no significant 

increase at low doses when compared with the ascorbic acid but with gradual increase in 

concentration led to the significant increased reducing power capability of DRME, 

DRCF, DRBF, and DREF as depicted in Figure 4.71. 

4.7.8. In vitro inhibition of lipid peroxidation 

Another important parameter to determine the antioxidant character is through the 

in vitro determination of lipid peroxidation inhibition by measuring the TBARS contents. 

Figure 4.72 demonstrates the dose concentration curve obtained by plotting the 

percentage inhibition of different solvent derived extracts and standard. It was confirmed 

that DRME, DRBF and DRCF have significantly reduced the TBARS contents 

synthesized during lipid peroxidation.  

4.7.9. Correlation between IC50 value and flavonoid and phenolic contents 

Table 4.15 describes the positive correlation between different antioxidant 

systems and phenolic contents. A significantly appreciable correlation was established for 

total phenolic contents with very good R
2 

values which lie in the range of 0.8830, 0.8588, 

0.7154 and 0.8635 for IC50 values exhibited by DPPH, superoxide, phosphomolybdate 

and ABTS radical quenching system, respectively. Regarding H2O2 and OH radical 

scavenging activity, a weak correlation was found with phenolic contents with R
2
=0.5158 

and R
2
=0.5883, respectively.  

Flavonoid contents also exhibited a strong correlation in different radical 

quenching systems. The R
2
 values were identified as 0.9634, 0.9632, 0.8924, 0.9458 and 

0.6608 for DPPH, superoxide, phosphomolybdate, ABTS and OH radical respectively as 

tabulated in Table 4.15.   
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Table 4.14: Antioxidant profile of the D. roxburghiana in different radical scavenging 

systems. 

IC50 µg/ml 

Plant 

Extract 

DPPH• 

quenching 

assay 

O2• 

quenching 

assay 

Phosphomo

lybdate• 

quenching 

assay 

OH• 

quenching 

assay 

ABTS• 

quenching 

assay 

H2O2 

quenching 

assay 

DRME 121.03±1.5
b
 56.46±0.3

b
 24.18±0.6

b
 17.94±0.1

b
 153.78±0.2

b
 77.38±0.5

c
 

DRHF 247.16±2.7
d
 223.59±0.7

e
 234.57±0.3

f
 46.25±0.7

e
 239.44±2.7

e
 215.83±1.1

f
 

DRCF 114.27±1.2
b
 73.18±0.4

c
 35.81±0.4

c
 23.62±0.1

c
 123.75±0.2

b
 88.59±0.3

c
 

DREF 195.23±0.4
c
 112.71±0.6

d
 40.73±0.2

d
 32.56±0.9

d
 217.79±0.6

d
 136.61±0.9

d
 

DRBF 124.23±1.1
b
 106.24±0.7

d
 36.15±0.5

c
 40.87±0.5

e
 195.87±0.3

c
 205.81±0.2

e
 

DRAF 242.63±0.5
d
 211.67±1.6

e
 188.26±0.9

e
 67.24±0.3

f
 248.61±1.6

e
 203.85±1.7

f
 

A. acid 14.37±0.9
a
 26.81±0.4

a
 20.76±0.3

a
 6.87±0.4

a
 54.72±0.3

a
 29.18±0.6

b
 

Values are represented as mean ± SD (n=3). Different letters (
a-e

) denote the significance 

(P<0.05). Key indicates DRME: D. roxburghiana methanol extract; DRHF: D. 

roxburghiana n-hexane fraction; DREF: D. roxburghiana ethyl acetate fraction; DRCF: 

D. roxburghiana chloroform fraction; DRBF: D. roxburghiana n-butanol fraction; 

DRAF: D. roxburghiana aqueous fraction; A. acid: Ascorbic acid. 

Table 4.15: Correlation between IC50 values of antioxidant activity and flavonoid and 

phenolic contents of D. roxburghiana. 

Assays Correlation R
2
 

Flavonoids Phenolics 

IC50 of DPPH radical quenching potency 0.9634** 0.8830* 

IC50 of O2 radical quenching potency 0.9632*** 0.8588** 

IC50 of phosphomolybdate radical quenching potency 0.8924** 0.7154* 

IC50 of ABTS radical quenching potency 0.9458*** 0.8635** 

IC50 of H2O2 quenching potency 0.3375 0.5158 

IC50 of Hydroxyl radical quenching potency 0.6608* 0.5883 

*, ** represent P˂0.05 and P˂0.01 respectively. 
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Figure 4.70: Antioxidant potential of various fractions of D. roxburghiana in different 

radical based in vitro antioxidant systems. (A) DPPH radical scavenging activity, (B) 

Superoxide radical scavenging activity, (C) Hydroxyl radical scavenging activity, (D) 

Phosphomolybdate radical scavenging activity, (E) ABTS radical scavenging activity, (F) 

H2O2 scavenging activity. Key indicates DRME: D. roxburghiana methanol extract; 

DRHF: D. roxburghiana n-hexane fraction; DREF: D. roxburghiana ethyl acetate 

fraction; DRCF: D. roxburghiana chloroform fraction; DRBF: D. roxburghiana n-

butanol fraction; DRAF: D. roxburghiana aqueous fraction; A. Acid: ascorbic acid. Data 

represents Mean±SD of triplicates. 
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Figure 4.71: Reducing power capability of various extracted fractions of D. 

roxburghiana. Key indicates DRME: D. roxburghiana methanol extract; DRHF: D. 

roxburghiana n-hexane fraction; DREF: D. roxburghiana ethyl acetate fraction; DRCF: 

D. roxburghiana chloroform fraction; DRBF: D. roxburghiana n-butanol fraction; 

DRAF: D. roxburghiana aqueous fraction; A. Acid: ascorbic acid. 
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Figure 4.72: Lipid peroxidation profile exhibited by various fractions of D. 

roxburghiana. Key indicates DRME: D. roxburghiana methanol extract; DRHF: D. 

roxburghiana n-hexane fraction; DREF: D. roxburghiana ethyl acetate fraction; DRCF: 

D. roxburghiana chloroform fraction; DRBF: D. roxburghiana n-butanol fraction; 

DRAF: D. roxburghiana aqueous fraction; A. Acid: ascorbic acid. 
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4.8. Antimicrobial activity 

4.8.1. Antibacterial activity 

Antibacterial activity of D. roxburghiana was analyzed by using a well diffusion 

method and appreciable growth inhibition was observed while testing different Gram 

positive and Gram negative bacterial strains. A minimum inhibitory concentration (MIC) 

was noted for each fraction which is the minimum concentration of test sample effective 

to halt the growth of bacterial cultures. MIC values were determined by measuring the 

zone of inhibitions while analyzing sample at concentration range of 3 to 15 mg/ml. 

Table 4.16 summarizes the zones of inhibition for each extracted fraction.  A good 

inhibition was observed by the DRME and DRHF. DRCF, DREF and DRBF were 

showing moderate inhibitions where as poor inhibition was displayed by DRAF. Zone of 

inhibition displayed by different test samples were significant for S. aureus and M. luteus 

as compared to Gram negative bacteria (Table 4.16).  

DRME and DRHF displayed good activity with MIC value 3 mg/ml against all 

tested strains as depicted in Table 4.16. DRME and DRHF were displaying very 

appreciable zones of inhibitions for S. aureus and M. luteus. Inhibition offered by both 

these fractions was also good for B. subtilis but not so effective as compared to other 

Gram positive bacteria. Regarding Gram negative bacteria DRME and DRHF were 

displaying considerable inhibition but it was less compared to Gram positive bacteria.    

MIC values for DRCF was 3 mg/ml against B. subtilis, M. luteus and S. typhi 

whereas for S. aureus, E. coli and K. pneumoniae MIC value was 5 mg/ml of DRCF as 

described in Table 4.16. Zones of inhibitions were good for Gram positive bacteria as 

compared to Gram negative bacteria as summarized in Table 4.16. No any zone of 

inhibition was observed at 3 mg/ml for S. aureus, E. coli and K. pneumoniae.  DREF was 

not showing as strong activity as was displayed by DRME and DRHF. MIC values were 

higher than 3 mg/ml for tested strains except S. aureus and M. luteus which were 

displaying zone of inhibition at 3 mg/ml. MIC value was 5 mg/ml against B. subtilis 

whereas it was 7 mg/ml against S. typhi and K. pneumoniae as described in Table 4.16. 

DRBF and DRAF did not inhibit the bacterial growth so potently but at higher 

concentration their mode of inhibition increased gradually (Table 4.16). At 3 mg/ml of 

DRBF, S. aureus and M. luteus displayed zones of inhibition and no zone was displayed 
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for other tested strains at the same concentration. B. subtilis showed inhibition at 5 mg/ml 

whereas K. pneumoniae and S. typhi displayed MIC 7 mg/ml for DRBF. Inhibition 

patterns observed by DRAF were not so effective as compared to other extracted 

fractions. No zone of inhibition was observed at 3 mg/ml. At concentration 5 mg/ml B. 

subtilis and M. luteus displayed zones of inhibition whereas all remaining strains were 

not inhibited at this concentration. S. aureus, E. coli and K. pneumoniae were inhibited at 

7 mg/ml whereas S. typhi was showing inhibition at 10 mg/ml as summarized in Table 

4.16.  

4.8.2. Antifungal activity 

Antifungal activity of D. roxburghiana was analyzed by using agar slant method 

applied on four fungal strains as summarized in Table 4.17. All the extracted fractions 

displayed good antifungal profile except DRAF. DRME and DRHF were behaving as 

very potent inhibitors and restricted the fungal growth appreciably. DRME inhibited the 

A. niger, A. flavus, A. fumigatus and F. solani with inhibition percentage of 81.13±2.33%, 

72.50±1.13%, 79.46±1.91% and 77.48±1.37% respectively. DRHF displayed growth 

inhibition at 78.63±1.94%, 75.41±0.87%, 81.62±1.41% and 78.54±1.27% for A. niger, A. 

flavus, A. fumigatus and F. solani respectively as shown in Table 4.17.  

DRCF, DREF and DRBF behaved moderately for the fungal growth restriction. 

Minimum and maximum inhibition displayed by DRCF ranged from 51.86±1.25% to 

65.18±0.95% for F. solani and A. flavus respectively and DREF showed inhibition range 

from 32.91±1.29% (minimum) to 53.63±1.41% (maximum) for F. solani and A. 

fumigatus respectively. Regarding DRBF inhibition was observed in the range of 

63.26±1.38% as minimum value to 77.23±1.20% as maximum value for A. niger and F. 

solani respectively as described in Table 4.17. DRAF was also exhibiting appreciable 

fungal growth inhibition ranging from 47.3±2.28% for A. niger to 60.1±5.12% for F. 

solani. 
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Table 4.16: Minimum inhibitory concentration (MIC=mg/ml) and zone of inhibition 

(ZI=mm) by different extract of D. roxburghiana against different bacterial test strains. 

Extract 

Gram positive bacteria Gram negative bacteria 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Micrococcus 

luteus 

Escherichia  

coli 

Salmonella 

typhi 

Klebsiella 

pneumoniae 

MIC ZI MIC ZI MIC ZI MIC ZI MIC ZI MIC ZI 

DRME 3 12 3 14 3 11 3 10 3 9 3 9 

DRHF 3 9 3 11 3 9 3 9 3 9 3 10 

DRCF 5 9 3 9 3 11 5 11 3 11 5 9 

DREF 3 11 5 14 3 9 3 11 7 11 7 12 

DRBF 3 10 5 9 3 10 5 9 5 9 7 9 

DRAF 7 9 5 10 5 9 7 10 10 10 7 11 

Cefexime 1 26 1 22 1 27 1 20 1 17 1 28 

Key indicates DRME: D. roxburghiana methanol extract; DRHF: D. roxburghiana n-

hexane fraction; DREF: D. roxburghiana ethyl acetate fraction; DRCF: D. roxburghiana 

chloroform fraction; DRBF: D. roxburghiana n-butanol fraction; DRAF: D. 

roxburghiana aqueous fraction.                   

Table 4.17: Antifungal activity of different extracted fractions of D. roxburghiana 

showing percentage inhibitions. 

Extract Percentage inhibition (%) 

Aspergillus 

Niger 

Aspergillus 

flavus 

Aspergillus 

fumigatus 

Fusarium 

solani 

DRME 81.13±2.33 72.50±1.13 79.46±1.91 77.48±1.37 

DRHF 78.63±1.94 75.41±0.87 81.62±1.41 78.54±1.27 

DRCF 60.16±2.34 65.18±0.95 58.74±1.21 51.86±1.25 

DREF 48.93±1.70 37.46±1.89 53.63±1.41 32.91±1.29 

DRBF 63.26±1.38 66.96±1.45 73.68±1.67 77.23±1.20 

DRAF 47.3±2.28 56.4±2.21 54.6±3.02 60.1±5.12 

Terbinafine 86.56±0.85 88.26±1.32 89.03±1.35 82.83±1.78 

Key indicates DRME: D. roxburghiana methanol extract; DRHF: D. roxburghiana n-

hexane fraction; DREF: D. roxburghiana ethyl acetate fraction; DRCF: D. roxburghiana 

chloroform fraction; DRBF: D. roxburghiana n-butanol fraction; DRAF: D. 

roxburghiana aqueous fraction. Data represents Mean±SD of triplicates. 
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4.9. Anticancer and cytotoxic analysis profile  

4.9.1. Cancer chemopreventive assays 

Anticancer activity of D. roxburghiana was evaluated by different regulatory 

factors involved in cell growth and division. In LPS-initiated NO inhibition assay (iNOS 

assay) samples exhibiting % inhibition ≥ 50 were considered as highly potent. In iNOS 

assay, DRHF exhibited significant activity against NO with 54.7±2.37% inhibition and 

IC50 of 17.8±1.25 µg/ml as depicted in Table 4.18. All the samples displayed a good 

survival % without any cytotoxicity. Regarding aromatase activity, sample displaying % 

inhibition ≥ 50 were considered as active against aromatase. It was investigated that none 

of the samples showed inhibition against aromatase and so all were reflected as inactive 

(Table 4.18).   

In the quinone reductase 1 assay (QR1), samples with IR values more than 2 were 

considered as efficient. DRCF was potently active and was exhibiting an induction ratio 

of 2.4±0.09 with a good CD value of 17.7 µg/ml as described in Table 4.19. The rest of 

the fractions were not so active against quinone reductase 1. In NFK-α mediated NFκB 

inhibition analysis, samples with percentage inhibition more than 50 were taken as highly 

active. DREF and DRBF were strongly active with inhibition 69.5±0.64% and 

81.2±4.85% respectively. IC50 values for DREF and DRBF were calculated as 16.6±1.3 

and 8.4±0.7 µg/ml respectively with 100% survival (Table 4.19). 

4.9.2. Cancer antiproliferative assay 

Regarding antiproliferative assays tested on different cancer cell lines, different 

extracts displayed appreciable activity with good survival % and IC50 values as described 

in Table 4.20. In these assays samples which were displaying a survival % ≤ 60 were 

considered as active against respective cell lines. DRBF exhibited strong antiproliferative 

activity against IcIc-7 cell lines with % survival of 47.6±18.91 and IC50 values of 

13.6±1.91µg/ml (Table 4.20).  

While evaluating antiproliferative potential against MYCN-2 cancer cell lines, 

DRBF was very active with a good survival % of 28.9±14.41 and IC50 of 12.6±1.24 

µg/ml as depicted in Table 4.20. In antiproliferative activity against SK-N-SH cell lines, 

DRCF, DREF and DRBF were efficiently active with survival percentage of 51.4±6.84, 

57.6±1.86 and 51.9±2.48 respectively. The IC50 for DRCF, DREF and DRBF were 

measured as 11.2±0.84, 14.6±1.71 and 16.3±1.57 respectively as shown in Table 4.20. In 

evaluating activity against MCF-7 and MDA-MB-231 cancer cell lines, none of the 

extracts exhibited good anticancer activity and their values exceeded the 60% as shown 

in Table 4.21. 
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Table 4.18: iNOS and aromatase inhibition activity of different fractions of D. 

roxburghiana. 

Extract 

iNOS Aromatase 

% 

Inhibition 

IC50 

(µg/ml) 

% 

Survival 

Cyto 

toxicity 

% 

Inhibition 

IC50 

(µg/ml) 

DRME 13.7±4.10 - 111.4±1.27 - 41.6±1.37 - 

DRHF 54.7±2.37 17.8±1.25 125.0±2.23 - 43.4±0.70 - 

DRCF 32.1±3.14 - 114.2±1.23 - 24.0±2.56 - 

DREF 4.1±3.36 - 111.5±2.10 - 37.3±2.83 - 

DRBF 11.5±5.55 - 111.1±1.27 - 19.2±2.40 - 

DRAF 3.6±0.14 - 110.1±4.45 - 26.7±3.33 - 

Values are represented as mean ± SD (n=3). Key indicates DRME: D. roxburghiana 

methanol extract; DRHF: D. roxburghiana n-hexane fraction; DREF: D. roxburghiana 

ethyl acetate fraction; DRCF: D. roxburghiana chloroform fraction; DRBF: D. 

roxburghiana n-butanol fraction; DRAF: D. roxburghiana aqueous fraction.  

Table 4.19: QR1 and NFκB activity of different fractions of D. roxburghiana. 

Extract 

QR1 NFκB 

IR 
CD 

(µg/ml) 
% Inhibition 

% 

Survival 

IC50 

(µg/ml) 

DRME 1.2±0.16  5.1±1.63 164.7±7.79  

DRHF 1.4±0.05  9.7±6.01 124.9±13.39  

DRCF 2.4±0.09 17.7±0.8 13.5±18.8 133.4±17.24  

DREF 0.9±0.30  69.5±0.64 138.1±6.06 16.6±1.3 

DRBF 1.5±0.39  81.2±4.85 125.0±4.46 8.4±0.7 

DRAF 0.7±0.11  27.2±2.69 166.4±5.06  

Values are represented as mean ±SD (n=3). Key indicates DRME: D. roxburghiana 

methanol extract; DRHF: D. roxburghiana n-hexane fraction; DREF: D. roxburghiana 

ethyl acetate fraction; DRCF: D. roxburghiana chloroform fraction; DRBF: D. 

roxburghiana n-butanol fraction; DRAF: D. roxburghiana aqueous fraction.  
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Table 4.20: Antiproliferative activity of various extracts of D. roxburghiana against IcIc-

7, MYCN-2 and SK-N-SH cancer cell lines. 

Extract 

IcIc-7 MYCN-2 SK-N-SH 

% 

Survival 

IC50  

(µg/ml) 
% Survival 

IC50  

(µg/ml) 

% 

Survival 

IC50  

(µg/ml) 

DRME 126.2±9.15 - 109.33±18.90 - 82.7±2.48 - 

DRHF 127.6±0.55 - 122.6±3.77 - 96.3±0.62 - 

DRCF 121.1±0.76 - 75.9±3.63 - 51.4±6.84 11.2±0.84 

DREF 121.6±9.21 - 67.02±1.56 - 57.6±1.86 14.6±1.71 

DRBF 47.6±18.91 13.6±1.91 28.9±14.41 12.6±1.24 51.9±2.48 16.3±1.57 

DRAF 130.7±1.44 - 77.0±4.86 - 112.2±3.11 - 

Key indicates DRME: D. roxburghiana methanol extract; DRHF: D. roxburghiana n-

hexane fraction; DREF: D. roxburghiana ethyl acetate fraction; DRCF: D. roxburghiana 

chloroform fraction; DRBF: D. roxburghiana n-butanol fraction; DRAF: D. 

roxburghiana aqueous fraction. Data represent Mean±SD of triplicates. 

Table 4.21: Antiproliferative screening of various fractions of D. roxburghiana against 

MCF-7 and MDA-MB-231 cancer cell lines. 

Extract MCF-7 MDA-MB-231 

% Survival IC50 (µg/ml) % Survival IC50 (µg/ml) 

DRME 117.7±8.22 - 91.7±12.66 - 

DRHF 131.9±27.21 - 89.16±8.85 - 

DRCF 101.7±2.69 - 82.0±5.75 - 

DREF 114.9±4.62 - 77.3±2.83 - 

DRBF 91.5±14.16 - 83.2±10.36 - 

DRAF 154.4±36.6 - 80.0±7.70 - 

Key indicates DRME: D. roxburghiana methanol extract; DRHF: D. roxburghiana n-

hexane fraction; DREF: D. roxburghiana ethyl acetate fraction; DRCF: D. roxburghiana 

chloroform fraction; DRBF: D. roxburghiana n-butanol fraction; DRAF: D. 

roxburghiana aqueous fraction. Data represent Mean±SD of triplicates. 
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Section C: In vivo pharmacological screening of Dicliptera roxburghiana 

Acute toxicity studies of D. roxburghiana 

On the basis of strong in vitro pharmacological consequences, it was decided to 

explore the in vivo antioxidant effects of methanol extract of D. roxburghiana (DRME). 

For this determination, experiment was planned to assess the potential defensive 

outcomes of DRME on Balb C male mice which were used as an animal model. CCl4 was 

taken as toxin for toxicity induction on various organs including liver, lungs, heart, 

kidney and testis. 

4.10. Shielding manifestations of DRME on hepatic intoxication by CCl4 in mice 

Being the chief and functionally central organ of the body, a healthy liver is 

responsible for the body’s normal metabolism including all anabolic and catabolic 

pathways. Any altered liver function ultimately results in serious hepatic mutilation. 

Being an extremely delicate organ, the liver is always on the high risk of damage initiated 

by free radicals, xenobiotics, toxic chemicals and microorganisms which cause structural 

disability as well as functional abnormality in liver. When intoxicated with carcinogens, 

e.g. CCl4, intermediate moieties and end products of the toxin challenge the normal 

environment of the liver, eventually initiate oxidative stress by free radical generation 

along with altered hepatic pathological manifestations e.g. jaundice, necrosis, fibrosis, 

fatty liver etc. 

In this context, antioxidant potential of the plant was explored in Balb C male 

mice liver intoxicated with CCl4. Serving as a potent hepatotoxin it is well-known fact 

that CCl4 causes marked variations in cellular histology, tissue antioxidant enzymes and 

serum antioxidant biomarkers. Elevated or declined levels of these cellular and 

biochemical markers give a better understanding to discover the protective effects of the 

plant when compared with control group. 

4.10.1. Shielding manifestations of DRME on serum markers  

Monitoring elevated levels of serum enzymes by various liver function tests serve 

as one of the significant clues observed in CCl4 intoxication and is assumed as an 

outcome of the cellular disruption and tissue pathologies. Once compromised by 

hepatotoxin there are marked variations in some of cytosolic biochemical markers that 

leak out in the blood due to hepatic cellular disruption. These serum markers e.g. AST, 



Chapter 4                                                                                                                    Results 
 

Phytochemical characterization of Carissa opaca and pharmacological studies of Dicliptera roxburghiana 149 
 

ALP, ALT, γ-GT and LDH are good examples to quantify the degree of cellular and 

biomolecular destruction in toxin effected mice. Table 4.22 describes the normal and 

altered levels of serum biomarkers in control group and intoxicated group respectively 

along with the protective effect of plant that tend to recover the altered  levels caused by 

CCl4. It was observed that CCl4 causes a significant increase (P<0.05) in the serum 

markers of the intoxicated group. These abnormally high levels of serum markers were 

significantly controlled by the dose dependent administration of DRME which tend to 

regulate these elevated levels (P<0.05) when compared with control group. DRME also 

compete the reference drug silymarin as shown in Table 4.22.  

4.10.2. Shielding effect of DRME on lipid profile 

Lipid profile estimation of control verses intoxicated group is also a good 

indicator of damage caused by CCl4. This important parameter includes determination of 

triglycerides, total cholesterol, high density lipoproteins (HDL) and low density 

lipoproteins (LDL) present in liver serum. It was observed that CCl4 causes a sudden rise 

in the levels of lipid profile when compared with control group (P<0.05) as depicted in 

Table 4.23. These levels dropped off to their normal range when mice were co-

administered with different doses of DRME that support the protective effect of DRME 

on lipid profile of liver as tabulated in Table 4.23. Similar protective findings were 

observed by silymarin treatment. 

4.10.3. Shielding manifestations of DRME on liver and body weight  

CCl4 toxicities induced a marked decrease in body weight whereas it initiated 

noticeable increase in organ weight. Table 4.24 narrates the protective effects of DRME 

and CCl4 intoxication on body weight and relative liver weight. A clear rise was seen in 

body weight of control group whereas mice of CCl4 treated groups showed low body 

weight and enhanced organ weight as shown in Table 4.24. DRME administration 

reversed the case and appreciably mitigated the negative outcome of toxin on body and 

organ weight (P<0.05).  

4.10.4. Shielding manifestations of DRME on liver antioxidant enzymes 

To combat the radical based complaints, nature has provided us with a diverse 

system of antioxidant enzymes which are actually natural defensive armory of living 

beings for the detoxification of reactive species. This is another most important parameter 
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to quantify the levels of antioxidant enzymes in liver tissue of control and treated groups 

because CCl4 causes a sudden drop in the levels of tissue antioxidant enzyme. Most 

important tissue enzymes are CAT, POD, SOD, GST, GR, GST, γ-GT etc. which are 

considered to behave as potent shielding enzymes. Table 4.25 summarizes the levels of 

these enzymes existing in different treated groups in comparison with control group. It 

was observed that CCl4 cause an abrupt decrease in the levels of CAT, POD, SOD, GST, 

and GR when compared with the control group (Table 4.25). All these hassles were 

indication of severe hepatic tissue loss. These enzymes were measured within their 

normal range in the groups treated dose dependently with DRME (P<0.05) as described 

in Table 4.25.  

Table 4.25 summarizes the γ-GT level estimation of control and treated groups. 

CCl4 cause a marked increase in the level of γ-GT when compared with control group as 

shown in Table 4.25. Treatment of DRME reversed these levels to their normal range 

(P<0.05) which is a sign of protection offered by DRME.   

4.10.5. Shielding effect of DRME on biomolecules 

Biomolecules include proteins, lipids and DNA play important functions inside 

cells and cellular membranes. Lipids are very vulnerable to CCl4 intermediate radicals 

formed by CCl4 metabolism and induced risk and damage to cellular lipids with special 

reference to poly unsaturated fatty acids (PUFA). Determination of lipid peroxidation 

through TBARS content measurements of the tissue is also a supportive marker to 

analyze the damage caused by CCl4 when compared with their normal counterparts. 

Table 4.26 describes elevated levels of TBARS contents of CCl4 intoxicated mice but 

treatment with DRME significantly reduces their levels to the normal limits (P<0.05) as 

shown in Table 4.26.  This was opposite in the case of tissue protein levels which were 

very low in CCl4 intoxicated group. DRME reversed this pattern and a marked increase in 

protein level was detected in DRME treated groups which was very similar to the control 

group (P<0.05) as depicted in Table 4.26.  

Proteins are also very important to maintain normal functional and structural 

integrity of cellular membranes and other cellular components. Free radicals formed by 

CCl4 metabolism cause impairment to protein by modification of amino acids and 

through deactivation of active sites. Protein levels were critically reduced in the CCl4 
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intoxicated tissue as compare to the control group (Table 4.26). These adverse effects of 

CCl4 were appreciably ameliorated (P<0.05) by co-administration of DRME as described 

in Table 4.26.  

DNA is a very sensitive and most important biomolecule that keeps genetic 

information. Free radicals are involved in the DNA strand break and change the genetic 

information. Intermediate radicals formed during CCl4 metabolic pathways initiate 

damage to the DNA. DNA damage estimation is also considered to be a good marker to 

study the harsh effects of toxin because hepatotoxins are more likely tends to fragment 

the DNA. Table 4.26 summarize the % of DNA damage observed in control and CCl4 

treated group. DNA damage was very high in the mice treated with CCl4 as compared to 

control group. Conversely, DRME administration was supposed to inhibit the DNA 

damage dose dependently (P<0.05) which is a positive characteristics of the plant (Table 

4.26).  

Glutathione which is an important natural antioxidant is also helpful to assess the 

degree of protection offered by DRME. Table 4.26 describes that the level of GSH 

dropped off in CCl4 treated group when compared to the control group. On the other hand 

there was a marked increase in level of GSH when treated with DRME and mitigated the 

effects of CCl4 (P<0.05). 

4.10.6. Shielding effect of DRME on DNA ladder assay 

Free radicals generated by CCl4 intoxication are more likely to damage the DNA 

in the liver. This intoxicative hazard usually involves DNA strand break and mutation in 

the normal genetic makeup. Gel electrophoresis analysis was used to study the banding 

pattern of DNA of different treated groups. Figure 4.73 describes that there was no 

disruption of DNA of control group and the entire DNA was intact but this situation was 

reversed in DNA of the groups treated with CCl4. Post-administration of DRME and 

reference drug in their respective concentrations alleviated the intensities of DNA 

impairment in liver tissue which could be noticed by band pattern analysis of these 

groups (Figure 4.73).   

4.10.7. Shielding effect of DRME on histoarchitecture of liver  

Sliced sections of liver tissue stained with hematoxylin and eosins were 

microscopically photographed as shown in Figure 4.74. Control and DMSO treated 
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groups displayed normal morphology with typical central vein, kupfer cells, hepatocytes 

and sinusoids as shown in Figure 4.74A and B respectively. There was no collagen 

deposition and congestion of blood capillaries. CCl4 intoxication provoked severe 

histoarchitectural impairment and hepatic pathologies (Figure 4.74C and D). These 

hazards were incorporated as damaged central vein, cellular hypertrophy, degeneration of 

lobular architecture and excessive cellular infiltration along with necrosis and ballooning 

as depicted in Figure 4.74C and D. Treatment with reference drug attenuated the cellular 

changes and disruptions as described in Figure 4.74E. DRME administration ameliorated 

the hazards caused by toxin and reversed the altered morphology to the normal one 

(Figure 4.74F). There were some remnant effects of CCl4 as cellular hypertrophy and 

central vein was damaged (Figure 4.74G). DRME administration alone was also proven 

to be safe due to standard cellular histology as it was in the control group (Figure 4.74H).  
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Table 4.22: Effect of DRME on various liver function tests. 

Treatment 

(mg/kg b.w.) 
AST (U/L) ALT(U/L) ALP(U/L) γ-GT(U/L) LDH (U/L) 

Control 89.63±01.26
d
 73.95±0.68

d
 144.3±0.83

d
 28.52±0.57

d
 34.49±1.20

d
 

DMSO+Olive Oil 90.78±1.04
d
 75.08±0.72

d
 146.1±0.77

d
 29.58±0.92

d
 36.99±0.82

d
 

CCl4 199.65±0.87
a
 218.3±1.29

a
 303.7±0.94

a
 103.7±1.49

a
 138.5±1.64

a
 

CCl4+Silymarin 91.87±1.02
d
 73.2±1.12

d
 144.4±1.23

d
 28.99±1.52

d
 35.68±1.29

d
 

CCl4+DRME (40) 133.6±0.94
b
 127.9±1.55

b
 194.6±1.14

b
 54.38±1.26

b
 55.14±1.47

b
 

CCl4+DRME (60) 108.8±0.64
c
 105.8±1.63

c
 167.2±0.73

c
 43.55±1.48

c
 42.15±1.53

c
 

DRME (60) 92.54±1.21
d
 75.08±0.90

d
 149.8±0.91

d
 32.22±0.87

d
 36.62±1.58

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.23: Effect of DRME on lipid profile of liver. 

Treatment 

(mg/kg b.w.) 
Triglycerides 

(mg/dl) 

Cholesterol 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

Control 134.6±0.63
d
 39.43±0.25

d
 39.33±0.47

d
 20.17±0.06

d
 

DMSO+Olive Oil 132.6±1.24
d
 39.85±1.01

d
 39.14±0.28

d
 20.99±0.57

d
 

CCl4 271.8±1.14
a
 94.76±0.41

a
 57.51±0.64

a
 35.84±0.61

a
 

CCl4+Silymarin 133.7±0.81
d
 39.28±1.09

d
 39.50±0.26

d
 20.78±0.59

d
 

CCl4+DRME (40) 168.1±1.21
b
 68.17±1.23

b
 45.07±0.51

b
 26.79±0.63

b
 

CCl4+DRME (60) 149.3±1.03
c
 47.57±0.95

c
 42.58±0.45

c
 23.66±0.36

c
 

DRME (60) 134.8±0.97
d
 39.88±0.93

d
 39.61±0.51

d
 20.69±0.54

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 
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Table 4.24: Effect of DRME on body and liver weight. 

Treatment 

(mg/kg b.w.) 
% Increase in body 

weight 

Absolute liver 

weight (g) 

Relative Liver 

weight 

(% to body weight) 

Control 37.41±0.11
d
 7.32±0.13

d
 0.08±0.005

d
 

DMSO+Olive Oil 36.71±0.02
d
 7.31±0.22

d
 0.07±0.004

d
 

CCl4 22.73±0.46
a
 9.74±0.45

a
 0.82±0.003

a
 

CCl4+Silymarin 36.76±0.33
d
 7.31±0.21

d
 0.08±0.009

d
 

CCl4+DRME (40) 29.87±0.68
b
 8.29±0.06

b
 0.38±0.007

b
 

CCl4+DRME (60) 33.88±0.57
c
 7.99±0.18

c
 0.11±0.001

c
 

DRME (60) 37.03±0.13
d
 7.36±0.05

d
 0.07±0.003

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.25: Effects of DRME on tissue antioxidant enzymes. 

Treatment 

(mg/kg b.w.) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

GST 

(nM/min/m

g protein) 

GR 

(nM/min/m

g protein) 

γ-

GT(nM/mi

n/mg 

protein) 

Control 4.91±0.27
d
 9.73±0.61

d
 6.28±0.19

d
 174.6±1.47

d
 224.5±1.96

d
 42.50±1.58

d
 

DMSO+Olive Oil 4.82±0.34
d
 9.66±0.14

d
 6.36±0.23

d
 174.1±1.98

d
 222.9±1.67

d
 41.76±1.48

d
 

CCl4 2.08±0.02
a
 6.16±0.09

a
 3.11±0.07

a
 45.54±1.68

a
 126.9±1.79

a
 77.14±1.56

a
 

CCl4+Silymarin 4.84±0.18
d
 9.09±0.06

d
 6.34±0.23

d
 174.5±1.42

d
 224.9±1.34

d
 46.48±1.22

d
 

CCl4+DRME (40) 3.52±0.36
b
 6.89±0.18

b
 4.37±0.17

b
 129.8±1.11

b
 171.3±1.57

b
 55.68±1.68

b
 

CCl4+DRME (60) 4.18±0.16
c
 7.98±0.42

c
 5.61±0.33

c
 163.1±1.84

c
 194.4±1.29

c
 48.38±2.65

c
 

DRME (60) 4.94±0.09
d
 9.68±0.15

d
 6.38±0.08

d
 178.2±1.37

d
 220.8±1.96

d
 41.18±1.58

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.26: Effects of DRME on various biomolecules. 

Treatment 

(mg/kg b.w.) 

TBARS 

(nM/min/

mg 

protein) 

Proteins 

(µg/mg 

tissue) 

DNA 

damage % 

GSH 

(µM/g 

tissue) 

Control 4.51±0.22
d
 3.42±0.07

d
 1.55±0.14

d
 26.10±1.18

d
 

DMSO+Olive Oil 4.72±0.38
d
 3.36±0.04

d
 1.56±0.02

d
 24.65±1.37

d
 

CCl4 8.42±0.25
a
 0.78±0.16

a
 5.88±0.32

a
 11.73±1.28

a
 

CCl4+Silymarin 4.64±0.42
d
 3.45±0.24

d
 1.55±0.22

d
 25.93±1.65

d
 

CCl4+DRME (40) 6.68±0.26
b
 1.82±0.02

b
 3.31±0.09

b
 16.87±0.86

b
 

CCl4+DRME (60) 5.72±0.14
c
 3.13±0.02

c
 2.38±0.16

c
 22.77±1.52

c
 

DRME (60) 4.68±0.26
d
 3.39±0.25

d
 1.53±0.23

d
 25.34±0.97

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

 



Chapter 4                                                                                                                    Results 
 

Phytochemical characterization of Carissa opaca and pharmacological studies of Dicliptera roxburghiana 155 
 

 

Figure 4.73: Agarose gel of DNA extracted from liver tissue of mice displaying damage 

due to CCl4 and protective effects of DRME. (A) Control; (B) DMSO + Olive oil; (C) 

CCl4; (D) CCl4+ Silymarin; (E) CCl4 + DRME 40 mg/kg; (F) CCl4 + DRME 60 mg/kg; 

(G) DRME 60 mg/kg; (M) Markers. 

 

Figure 4.74: Liver histopathological observations of control and various treated groups. 

(A) Control; (B) DMSO + Olive oil; (C and D) CCl4; (E) CCl4 + Silymarin; (F) CCl4 + 

DRME 40 mg/kg; (G) CCl4 + DRME 60 mg/kg; (H) DRME 60 mg/kg. 
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4.11. Protective outcomes of DRME on mice renal intoxication with CCl4 

CCl4 administration has also been proven to initiate tissue and cellular injury in 

mice kidney. Intoxication through CCl4 provoked excessive fabrication of free radicals 

which are the real root cause of renal toxicology in mice. The renal toxicities can be well 

observed by following various parameters e.g. serum biomarker analysis, urine analysis, 

determination of antioxidative enzymes in tissue and biomolecular study of intoxicated 

kidney DNA in mice. In this scenario the renal protective outcome of DRME was 

investigated on a dose dependent way along with silymarin which was used as a reference 

drug. 

4.11.1. DRME and CCl4 consequences on urine profile 

By various renal function tests, urine profile analysis of mice was monitored by 

determining the alterations and abnormalities in CCl4 treated group verses control mice. 

Different parameters were assessed e.g. pH, specific gravity, red and white blood cells 

count together with levels of urea. It was observed that pH of the urine was very low in 

CCl4 treated group when matched with control group (P<0.05) whereas reverse case was 

analyzed in terms of specific gravity as shown in Table 4.27. Levels of red and white 

blood cells were found to be excessively elevated in CCl4 treated group as compared to 

control group. Post treatments of DRME reversed theses alterations to their normal range 

(P<0.05) in CCl4 intoxicated mice (Table 4.27). Similar results were found in reference 

drug treated group with a trend to repair the damage caused by toxin.  

Urine protein analysis was done to further estimate the curative evidence of 

DRME in CCl4 treated group verses control one as described in Table 4.28.  Levels of 

urine proteins declined in CCl4 intoxicated group (P<0.05) whereas these were in the 

regular limit in the control group. Urine creatinine and urobilinogen were elevated in 

CCl4 treated group as compared to their typical ranges detected in control group while 

serum albumin was appreciably declined in CCl4 treated group. Co-administration of 

DRME reversed these altered levels to their normal range boundary (P<0.05) as it was in 

the case of reference drug administration (Table 4.28).  

4.11.2. DRME and CCl4 consequences on serum markers 

While evaluating the serum profile, total proteins along with creatinine, 

urobilinogen, albumin, globulin and bilirubin were determined as tabulated in Table 4.29. 
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Total protein levels and the levels of albumin and globulin were reduced in the CCl4 

intoxicated mice whereas levels of creatinine, urobilinogen and bilirubin were raised in 

the same group due to CCl4 intoxication when linked with control group as shown in 

Table 4.29. Co-administration of DRME potentially normalizes these “haphazard” levels 

(P<0.05) in the serum and significantly enhanced the levels of proteins, albumin and 

globulin in the kidney by mitigating the CCl4 intoxications. DRME reduced the levels of 

creatinine, urobilinogen and bilirubin to their usual limits (P<0.05) when associated with 

control group (Table 4.29). Similar results were found in silymarin treated group which 

has reversed the damage caused by CCl4. 

4.11.3. DRME and CCl4 consequences on antioxidant enzymes in renal tissue 

Antioxidant enzymes are a part of the natural defense network of our body and are 

actively engaged in protecting the tissue from harm induced by free radicals. The levels 

of antioxidant enzymes are crucial to cells and tissues for their normal functioning. These 

antioxidant enzymes are CAT, POD, SOD, GST, γ- GT and GR as summarized in Table 

4.30. The levels of CAT, POD, SOD and GR were critically reduced in the CCl4 

intoxicated mice as compared to control group whereas GST level was elevated in CCl4 

intoxicated mice (P<0.05) as shown in Table 4.30. DRME ameliorated these abnormal 

and excessive levels (P<0.05) in mice kidney tissue and these protective consequences 

were parallel to the silymarin effects. These results justify a protective role of DRME 

against CCl4 intoxication as described in Table 4.30.   

Table 4.30 described the levels of γ- GT in control and CCl4 intoxicated group. 

Levels of γ- GT were abnormally elevated (P<0.05) in CCl4 group as compared to control 

group. These abnormal levels were reversed to their normal patterns when co- 

administration was done with DRME. DRME reduced the level of γ- GT to its normal 

limit (P<0.05) in mice kidney (Table 4.30).  

4.11.4. DRME and CCl4 consequences on biomolecules 

Biomolecules of cell e.g. lipids, proteins and DNA are on the high risk of damage 

initiated by toxins. Through metabolical pathways CCl4 initiate free radicals production 

that has tendency to react with lipids and cause their oxidation. Lipid peroxidation is one 

of the important cellular biomarkers that give a clue to measure the degree of injuries 

triggered by CCl4 toxicities. To analyze the lipid peroxidation, TBARS contents were 
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recorded in tissues of the control and CCl4 intoxicated mice. Tale 4.31 describes the 

TBARS levels which were haphazardly increased in CCl4 treated group due to toxicity 

inductions as compared to control group (P<0.05). These elevated levels were reversed to 

their normal range when DRME was co-administered in CCl4 intoxicated mice in the 

same way as it was by reference drug administration (Table 4.31). 

Proteins are also at risk when there is abrupt generation of free radicals by the 

metabolical processes of CCl4. These toxins exert their role by degrading proteins 

through modification of amino acid components along with insertion and deletion of their 

normal active site. Levels of proteins were really compromising in CCl4 intoxicated mice. 

Co-administration of DRME potentially improved the normal levels of proteins (P<0.05) 

as summarized in Table 4.31.   

DNA is a sensitive biomolecule and is most vulnerable to hazards induced by free 

radicals generated during fate of metabolism of CCl4. These free radicals are basically 

involved in the DNA strand break and cause its degradation. Table 4.31 summarized the 

effect of CCl4 and DRME administrations in their respective groups as compared to the 

control group. Percentage of DNA damage was high in the CCl4 treated group whereas 

these were normal (P<0.05) to the DRME when compared with control group (Table 

4.31). The same results were noticed while treating with silymarin as reference drug in 

CCl4 intoxicated mice (P<0.05). These results authenticate the protective role of DRME 

on biomolecules against damage initiated by free radical based oxidative stress.  

Levels of glutathione also present a good marker to evaluate the protective effects 

of DRME. Table 4.31 depicts reduced level of GSH in CCl4 treated group as compared to 

control group (P<0.05). This change in reduced levels was reversed by dose dependent 

treatments of DRME which was effective in inhibiting the hazards of CCl4 on GSH levels 

(Table 4.31). 

4.11.5. DRME and CCl4 consequences on kidney weight  

Absolute and relative kidney weights of mice of various treated groups were 

calculated as tabulated in Table 4.32. CCl4 treated group showed a marked increase in 

absolute and relative kidney weight when compared with the control group (P<0.05). 

This drastic increase in weights was reversed in the group treated with DRME as shown 

in Table 4.32. 
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4.11.6. DRME and CCl4 consequences on DNA ladder assay 

This is also an important exploration to study the curative characteristics of 

plants. DNA ladder assay was carried out and gel was visualized under UV light to study 

the banding pattern of DNA in control and treated groups. Figure 4.75 describes the 

banding pattern analysis of control and CCl4 treated group with reference to the standard 

markers. DNA of CCl4 treated group showed tailing and damage whereas entire DNA 

was intact in control and DRME administered group. DNA of DRME treated groups 

showed repairing effect against the damages induced by CCl4 toxicity (Figure 4.75).  

4.11.7. DRME and CCl4 consequences on renal histoarchitecture 

Alterations in histopathology of renal tissue architecture are summarized in Figure 

4.76. Normal histological observations were found in control and DMSO treated groups 

as shown in Figure 4.76A and B respectively. Both groups showed normal Bowman’s 

capsule and glomeruli with normal distal and convoluted tubules. Severe 

histopathalogical abnormalities were noticed in the CCl4 treated group as depicted in 

Figure 4.76C& D. Glomeruli and Bowman’s capsule showed abnormal appearance with 

impaired corticular sections and accumulation of necrotic cells in CCl4 treated group. 

There were also congestion of blood capillaries, dilation of tubules, narrowing of 

Bowman’s capsule space and infiltration of inflammatory cells in medullary and 

corticular sections in CCl4 intoxicated renal tissues of mice (Figure 4.76C& D). 

Treatment with DRME reversed these pathological manifestations and tended to repair 

the damage which was initiated by CCl4. DRME mitigated the glomerular degeneration 

and inflammatory cells infiltration caused by CCl4 (Figure 4.76F). Bowman’s capsule 

recovered the normal space and there was no congestion of blood capillaries in 

glomerular portions. These drastic changes were reversed dose dependently by DRME 

administration (Figure 4.76G). DRME treated group was also observed with normal renal 

histoarchitecture as described in Figure 4.76H.  
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Table 4.27: Urine profile analysis of mice affected by CCl4 and DRME administrations. 

Treatment 

(mg/kg b.w.) 
pH Specific 

gravity 

RBC/µl WBC/µl Urea 

(mg/dl) 

Control 7.21±0.01
d
 1.13±0.02

d
 0.13±0.01

d
 30.49±0.04

d
 74.98±1.56

d
 

DMSO+Olive Oil 7.33±0.23
d
 1.15±0.01

d
 0.22±0.01

d
 31.18±0.06

d
 74.05±1.62

d
 

CCl4 4.49±0.18
a
 1.51±0.02

a
 16.87±0.63

a
 98.77±1.59

a
 105.78±1.45

a
 

CCl4+Silymarin 7.33±0.21
d
 1.12±0.02

d
 1.17±0.03

d
 31.17±0.21

d
 74.52±1.33

d
 

CCl4+DRME (40) 5.87±0.02
b
 1.39±0.01

b
 3.07±0.12

b
 51.98±0.95

b
 87.32±1.25

b
 

CCl4+DRME (60) 6.45±0.03
c
 1.25±0.04

c
 1.29±0.13

c
 43.98±0.16

c
 80.09±1.05

c
 

DRME (60) 7.31±0.15
d
 1.13±0.01

d
 0.12±0.02

d
 30.74±0.65

d
 75.88±0.96

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.28: Urine proteins analysis affected by CCl4 and DRME administrations. 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.29: Serum proteins analysis of mice kidney affected by CCl4 and DRME 

administrations. 

Treatment 

(mg/kg b.w.) 

Serum 

proteins 

(mg/dl) 

Creatinine 

(mg/dl) 

Urobilinoge

n (mg/dl) 

Albumin 

(mg/dl) 

Bilirubin 

(mg/dl) 

Globulin 

(mg/dl) 

Control 49.19±1.38
d
 46.35±1.05

d
 11.76±1.15

d
 20.85±0.57

d
 3.04±0.01

d
 28.77±1.48

d
 

DMSO+Olive Oil 45.97±1.49
d
 48.35±1.91

d
 10.57±1.26

d
 19.33±0.72

d
 3.39±0.14

d
 29.79±1.16

d
 

CCl4 27.24±1.75
a
 71.84±1.71

a
 40.45±1.82

a
 10.37±0.61

a
 5.53±0.22

a
 16.82±1.53

a
 

CCl4+Silymarin 44.31±1.45
d
 48.05±1.60

d
 11.73±1.47

d
 19.81±1.07

d
 3.66±0.25

d
 28.28±1.64

d
 

CCl4+DRME (40) 32.36±1.91
b
 62.11±1.43

b
 19.80±1.33

b
 12.24±0.52

b
 4.82±0.05

b
 20.13±1.43

b
 

CCl4+DRME (60) 42.62±1.82
c
 56.83±1.32

c
 13.52±1.21

c
 17.14±0.21

c
 4.16±0.12

c
 25.47±1.75

c
 

DRME (60) 49.66±1.22
d
 47.39±1.92

d
 10.99±1.15

d
 20.35±0.74

d
 3.19±0.08

d
 28.29±1.49

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Treatment 

(mg/kg b.w.) 

Urine 

proteins 

(mg/dl) 

Creatinine 

(mg/dl) 

Urobilinogen 

(mg/dl) 

Albumin 

(mg/dl) 

Control 28.76±0.59
d
 2.41±0.11

d
 4.69±0.55

d
 8.99±0.08

d
 

DMSO+Olive Oil 27.91±0.78
d
 2.43±0.31

d
 5.27±0.26

d
 8.76±0.13

d
 

CCl4 13.76±0.22
a
 4.62±0.32

a
 38.26±1.17

a
 3.76±0.24

a
 

CCl4+Silymarin 27.98±0.76
d
 2.48±0.15

d
 5.99±0.73

d
 8.87±0.33

d
 

CCl4+DRME (40) 15.87±0.64
b
 3.59±0.41

b
 9.91±0.77

b
 4.98±0.05

b
 

CCl4+DRME (60) 21.71±0.34
c
 2.91±0.11

c
 4.91±0.16

c
 6.75±0.14

c
 

DRME (60) 27.71±0.62
d
 2.44±0.23

d
 4.14±0.02

d
 8.79±0.06

d
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Table 4.30: Antioxidant enzymes profile of mice kidney affected by CCl4 and DRME 

administrations. 

Treatment 

(mg/kg b.w.) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

GST 

(nM/min/m

g protein) 

GR 

(nM/min/m

g protein) 

γ-GT 

(nM/min/

mg 

protein) 

Control 4.66±0.25
d
 10.71±0.27

d
 5.35±0.31

d
 201.9±0.86

d
 239.6±1.64

d
 42.3±1.43

d
 

DMSO+Olive Oil 4.97±0.02
d
 10.09±0.45

d
 5.16±0.02

d
 197.6±2.71

d
 239.9±1.83

d
 40.7±1.22

d
 

CCl4 1.91±0.49
a
 4.56±0.39

a
 1.78±0.22

a
 87.74±0.92

a
 121.4±1.62

a
 89.3±1.37

a
 

CCl4+Silymarin 4.57±0.13
d
 10.60±0.21

d
 5.17±0.45

d
 196.5±0.85

d
 237.3±1.52

d
 42.2±1.72

d
 

CCl4+DRME (40) 2.64±0.06
b
 6.69±0.16

b
 2.45±0.38

b
 140.9±1.87

b
 188.7±1.57

b
 59.1±1.83

b
 

CCl4+DRME (60) 3.35±0.27
c
 8.22±0.32

c
 3.94±0.24

c
 177.3±1.63

c
 214.2±1.83

c
 51.8±1.40

c
 

DRME (60) 4.84±0.62
d
 10.55±0.21

d
 5.18±0.06

d
 196.7±1.36

d
 238.7±1.76

d
 43.2±1.82

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.31: Renal biomolecules of mice affected by CCl4 and DRME administrations. 

Treatment 

(mg/kg b.w.) 

TBARS 

(nM/min/

mg 

protein) 

Proteins 

(µg/mg 

tissue) 

DNA 

damage % 

GSH (µM/g 

tissue) 

Control 4.88±0.21
d
 3.60±0.31

d
 0.47±0.06

d
 23.10±0.68

d
 

DMSO+Olive Oil 5.11±0.02
d
 3.58±0.25

d
 0.58±0.03

d
 23.73±1.29

d
 

CCl4 9.58±0.35
a
 0.77±0.01

a
 6.53±0.37

a
 09.76±0.74

a
 

CCl4+Silymarin 4.95±0.02
d
 3.55±0.13

d
 0.81±0.16

d
 23.33±072

d
 

CCl4+DRME (40) 7.30±0.16
b
 2.39±0.24

b
 2.92±0.36

b
 16.73±0.54

b
 

CCl4+DRME (60) 6.25±0.03
c
 2.64±0.31

c
 1.68±0.21

c
 20.87±0.78

c
 

DRME (60) 5.12±0.03
d
 3.34±0.22

d
 0.51±0.07

d
 23.73±0.72

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.32: DRME consequences on kidney weight. 

Treatment 

(mg/kg b.w.) 

Absolute kidney 

weight (g) 

Relative kidney 

weight (% to body 

weight) 

Control 2.17±0.01
d
 0.021±0.009

d
 

DMSO+Olive Oil 2.15±0.13
d
 0.022±0.003

d
 

CCl4 3.82±0.22
a
 0.055±0.001

a
 

CCl4+Silymarin 2.18±0.01
d
 0.021±0.004

d
 

CCl4+DRME (40) 2.15±0.02
b
 0.042±0.004

b
 

CCl4+DRME (60) 2.33±0.01
c
 0.037±0.008

c
 

DRME (60) 2.13±0.01
d
 0.022±0.004

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 
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Figure 4.75: Agarose gel of DNA extracted from mice kidney showing CCl4 hazards and 

protection by DRME. (A) Control; (B) DRME + Olive oil; (C) CCl4; (D) CCl4+ 

Silymarin; (E) CCl4 + DRME 40 mg/kg; (F) CCl4 + DRME 60 mg/kg; (G) DRME 60 

mg/kg; (M) Markers. 

 

Figure 4.76: Histology of renal architecture affected by CCl4 and DRME treatments in 

comparison with control. (A) Control; (B) DMSO + Olive oil; (C& D) CCl4; (E) CCl4 + 

Silymarin; (F) CCl4 + DRME 40 mg/kg; (G) CCl4 + DRME 60 mg/kg; (H) DRME 60 

mg/kg. 
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4.12. Defensive outcomes of DRME on pulmonary intoxication in mice  

To meet the requisite of cellular oxygen, lungs are the most vital organs forming a 

complex system in living beings. Inhalation of toxic chemicals is involved in the 

synthesis of oxyradicals which are sometimes the root cause of severe pulmonary damage 

including cancer. It is obvious by various research studies that free radicals generated by 

the metabolism of CCl4 provoked severe lung injuries e.g. fibrosis, inflammation etc. 

Owing to the hazards of CCl4 mediated free radicals, in the current research project CCl4 

was considered to initiate pulmonary toxicities on cellular and biochemical levels. 

Defending outcomes of DRME against CCl4 mediated free radicals were estimated by 

different evaluating systems in mice models.  

4.12.1. Defending consequences of DRME on pulmonary antioxidative enzymes  

Antioxidant enzymes confined to the lung tissue e.g. CAT, POD, SOD, GST, GR, 

γ-GT etc. are vital guards for the neutralization of fatal consequences of free radicals and 

ultimately provides assistance to diminish the oxidative stress at a cellular level. Normal 

levels of these enzymes are crucial for the proper functioning of cells hence beneficial for 

the detoxification of the fatal effects of toxins. When affected by CCl4, the declined 

levels of these enzymes serve as a clue of toxicity mediated by CCl4 based intermediate 

radical. In this evaluation, levels of antioxidant enzymes were detected in control and 

various treated groups as tabulated in Table 4.33. CCl4 intoxication was proved by the 

reduced levels of pulmonary CAT, POD, SOD, GST and GR whereas it cause a 

noticeable elevation in the level of γ-GT with P<0.05 as compared to the control group 

(Table 4.33). These adverse effects of CCl4 intoxication were reversed by the DRME 

administrations which tend to put on a normal footing dose dependently (P<0.05) in 

comparison with control group (Table 4.33). DRME treatment alone was also analyzed 

and proven to be effective (P<0.05) without any toxicity on tissue level (Table 4.33). 

4.12.2. Defending consequences of DRME on pulmonary biomolecules 

Biomolecules present in cells are very important for the functional and structural 

integrity of the cell. Being essential part of cellular membranes, lipids are considered as 

most important biomolecules. Free radicals damage cellular lipids and put them at risk of 

oxidation and ultimately disturb the cell performance. In this analysis defensive effects of 

DRME were noticed by the estimation of cellular TBARS contents as shown in Table 
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4.34. CCl4 intoxication was the basic cause of excessive production of TBARS contents 

which are the end products of lipid peroxidation in various treated groups as summarized 

in Table 4.34. The elevated levels of TBARS in lungs tissue intoxicated with CCl4 were 

moderated by the co-administration of DRME in a dose dependent manner (Table 4.34). 

Similar observations were noticed in the case of cellular proteins and DNA which 

are also essential for the cells normal fate of function. Proteins are also at risk of 

oxidative damage initiated by CCl4 metabolism. Levels of proteins were low in CCl4 

intoxicated mice as compared to the control group (Table 4.34) whereas DRME 

administered groups showed normal limits of proteins levels (P<0.05) as were noticed in 

control group. DNA fragmentation was also studied to find the intoxication levels in CCl4 

treated groups verses control group because CCl4 metabolites tend to initiate DNA 

impairment by strand break mechanism or by DNA mutations. Table 4.34 shows that 

DNA fragmentation was high in CCl4 treated whereas this hazard was control by DRME 

administration in various treated groups as compared to control group. Similar protective 

findings were observed in the case of silymarin treated group. 

Level of glutathione were also monitored and it was found that GSH levels 

decrease markedly in CCl4 treated groups when compared with control group as 

summarized in Table 4.34. This hazard was alleviated appreciably by dose dependent 

administration of DRME (P<0.05). Similar results were noticed when mice were 

administered with reference drugs. 

4.12.3. Defending consequences of DRME on lung weight  

CCl4 causes an increase in organ weight and decrease in body weight due to free 

radical injuries. Table 4.35 shows that CCl4 intoxication induces an abrupt increase in 

relative and absolute lung weight in comparison with control group. This abnormal 

pattern was reversed by dose dependent administration of DRME which tried to lessen 

the hazards of CCl4 toxicity (Table 4.35).  

4.12.4. Defending consequences of DRME on ladder assay 

Being a genotoxic agent, it is well known fact that DNA is crucially vulnerable to 

the genotoxicity induced by CCl4. Figure 4.77 gives an idea about the damage initiated in 

CCl4 treated group as compared to control. Control group showed integral DNA whereas 

CCl4 treated group showed damaged DNA. DRME administration was proven as safe 
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because the DNA was intact in DRME treated groups which prove the efficacy of DRME 

to neutralize CCl4 damage as shown in Figure 4.77.  

4.12.5. Defending consequences of DRME on pulmonary histoarchitecture 

Lung sections of control and treated groups were examined under the microscope 

as described in Figure 4.78. Control and DMSO groups displayed normal histology with 

normal alveolar sacs with broad alveolar lumen. Type I and Type II pneumocytes were 

normal in shape with normal macrophages and blood capillaries (Figure 4.78A & B). 

Severe injuries were depicted in CCl4 treated group as inward folding of alveolar 

epithelium that resulted in collapsed alveolar spaces. There was aggregation of fibroblast 

and congestion of blood capillaries along with narrowed alveolar ducts (Figure 4.78C & 

D). Figure 4.78E describes the preventive effect of silymarin. Co-administration of 

DRME tends to heal the injuries induced with CCl4 intoxication. There was still inward 

folding of inner epithelium as remnant effects of CCl4 toxicity but DRME tends to repair 

this damage as described in Figure 4.78F & G. DRME alone also displayed normal 

histology as was observed in the control group (Figure 4.78H).   
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Table 4.33: DRME and antioxidant enzymes of lung tissue. 

Treatment 

(mg/kg b.w.) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

GST 

(nM/min/m

g protein) 

GR 

(nM/min/m

g protein) 

γ-GT 

(nM/min/

mg 

protein) 

Control 5.33±0.21
d
 10.5±0.32

d
 4.7±0.08

d
 201.9±1.28

d
 222.4±0.85

d
 41.2±0.58

d
 

DMSO+Olive Oil 5.11±0.05
d
 10.0±0.17

d
 4.6±0.12

d
 199.6±0.72

d
 225.7±0.93

d
 42.4±0.75

d
 

CCl4 2.11±0.14
a
 4.6±0.23

a
 1.4±0.21

a
 74.94±0.85

a
 107.1±0.74

a
 88.7±1.33

a
 

CCl4+Silymarin 5.27±0.09
d
 10.2±0.22

d
 4.5±0.04

d
 191.5±1.16

d
 227.7±0.82

d
 42.2±0.62

d
 

CCl4+DRME (40) 3.77±0.25
b
 7.7±0.18

b
 3.8±0.06

b
 152.6±1.24

b
 182.5±0.63

b
 61.6±0.52

b
 

CCl4+DRME (60) 4.68±0.17
c
 8.2±0.34

c
 4.5±0.11

d
 182.3±0.86

c
 214.4±0.92

c
 54.0±1.29

c
 

DRME (60) 5.11±0.03
d
 10.5±0.11

d
 4.2±0.15

c
 194.1±0.74

d
 228.3±1.14

d
 42.5±1.20

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.34: DRME and biomolecules of lung tissue. 

Treatment 

(mg/kg b.w.) 

TBARS 

(nM/min/mg 

protein) 

Proteins 

(µg/mg 

tissue) 

DNA 

damage % 

GSH (µM/g 

tissue) 

Control 4.31±0.01
d
 3.63±0.01

d
 1.63±0.07

d
 23.30±0.91

d
 

DMSO+Olive Oil 4.75±0.14
d
 3.58±0.15

d
 1.53±0.03

d
 22.43±0.84

d
 

CCl4 11.19±0.22
a
 0.83±0.22

a
 5.89±0.03

a
 09.50±0.35

a
 

CCl4+Silymarin 4.68±0.13
d
 3.85±0.05

d
 1.89±0.14

d
 22.13±0.85

d
 

CCl4+DRME (40) 6.55±0.01
b
 2.85±0.11

b
 4.06±0.11

b
 15.07±0.85

b
 

CCl4+DRME (60) 5.01±0.02
c
 3.31±0.05

c
 3.17±0.05

c
 19.94±0.87

c
 

DRME (60) 4.32±0.21
d
 3.34±0.04

c
 1.71±0.06

d
 23.76±0.94

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.35: Effect of DRME on lung weight. 

Treatment 

(mg/kg b.w.) 

Absolute 

lung weight 

(g) 

Relative 

lung weight 

(% to body 

weight) 

Control 1.54±0.01
d
 0.018±0.008

d
 

DMSO+Olive Oil 1.55±0.01
d
 0.017±0.003

d
 

CCl4 2.37±0.13
a
 0.029±0.002

a
 

CCl4+Silymarin 1.53±0.11
d
 0.018±0.004

d
 

CCl4+DRME (40) 1.98±0.12
b
 0.025±0.007

b
 

CCl4+DRME (60) 1.77±0.02
c
 0.021±0.005

c
 

DRME (60) 1.55±0.01
d
 0.017±0.002

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 
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Figure 4.77: Agarose gel of DNA extracted from mice lung presenting CCl4 injuries and 

protective effects by DRME. (A) Control; (B) DRME + Olive oil; (C) CCl4; (D) CCl4 + 

Silymarin; (E) CCl4 + DRME 40 mg/kg; (F) CCl4 + DRME 60 mg/kg; (G) DRME60 

mg/kg; (M) Markers. 

 

Figure 4.78: DRME and pulmonary histoarchitecture of various treated groups. (A) 

Control; (B) DMSO + Olive oil; (C& D) CCl4; (E) silymarin; (F) CCl4 + DRME 40 

mg/kg; (G) CCl4 + DRME 60 mg/kg; (H) DRME 60 mg/kg. 
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4.13. DRME protective marks on cardiotoxicity 

Heart is the most vital and important organ of the body which is responsible to 

keep safe and sound supply of blood to every tissue by its extensive network of 

circulation. Being a sensitive organ, heart is more vulnerable to the radical mediated risks 

which may cause serious cardiac trouble. CCl4 intermediate radicals are considered to be 

hazardous for the myocardial tissue and may affect the normal functioning and proper 

performance. Rationale of this research project is to monitor protective manifestations of 

DRME in heart tissue against the intoxication threat by using different analytical 

parameters. 

4.13.1. Cardiac markers in serum and influence of DRME 

CK and CKMB are essential cardiac marker enzymes found in serum and their 

elevated levels are measured as a hint to diagnose various heart problem e.g. heart 

infarction.  Table 4.36 shows the serum profile regarding cardiac markers. CCl4 treatment 

induce elevated levels of CK and CKMB in heart tissue (P<0.05) when matched with 

control group that may show effects of radical damage in the heart (Table 4.36). 

Treatment with DRME appreciably mitigated the damage caused by CCl4 and was proven 

as safe as described in Table 4.36. DRME alone was also effective and maintained the 

levels of CK and CKMB in their normal range (P<0.05). 

4.13.2. Cardiac antioxidant enzymes and influence of DRME 

Free radical neutralization is necessary incident for the cell to maintain normal 

functions. Tissue antioxidant enzymes are well known defenders of cells against the 

imbalance initiated by reactive radicals. Tissue enzymes e.g. CAT, POD, SOD, GST, GR 

and γ-GT were examined and their levels were noticed in control and various treatments 

as summarized in Table 4.37. Levels of CAT, POD, SOD, GST and GR were 

haphazardly reduced in CCl4 treatment (P<0.05) when compared with control group 

whereas level of γ-GT exceed their normal range in the same group comparison (Table 

4.37). These hazards of CCl4 mediated impairment were controlled appreciably by the 

administrations of DRME in various groups as summarized in Table 4.37. DRME 

administration elevated the levels to their normal limit as these were in control group. 

DRME alone was also active to maintain the normal levels of all these antioxidant 

enzymes (P<0.05).  



Chapter 4                                                                                                                    Results 
 

Phytochemical characterization of Carissa opaca and pharmacological studies of Dicliptera roxburghiana 169 
 

4.13.3. Cardiac biomolecules and influence of DRME 

Biomolecules e.g. lipids, proteins and DNA, are the significant constituents of 

cells that matter for the perfect performance of cells. Reactive species generated by toxins 

put them on a continuous threat of radical based damage. Various assays were followed 

to measure the molecular damage induced with CCl4 in comparison with control group as 

tabulated in Table 4.38. TBARS contents production was very high in CCl4 toxicated 

group as compared to the control group. Post treatment of DRME reduced the TBARS 

contents significantly and tends to overcome the damage caused by CCl4. Normal levels 

of TBARS were observed in DMSO and reference drug treated groups (Table 4.38). 

Protein damage was also measured in control and different groups as shown in 

Table 4.38. Protein levels were very low in CCl4 group as compared to control group. 

These hazards were reversed with the administration of DRME in respective group when 

compared with control group (Table 4.38). High DNA damage was detected in the CCl4 

treated group which gave a clue of free radical damage. DRME mitigated the damage 

initiated by CCl4 and tend to recover the DNA damage when compared with CCl4 group 

(Table 4.38).  

Glutathione estimation is also an important measure to assess antioxidant activity. 

Table 4.38 shows that CCl4 was responsible for mitigated level of GSH in toxicity 

induced mice as compared to control group (P<0.05). DRME dose dependently alleviated 

the level of GSH in various groups and was proven very effective against the damage 

induce by CCl4 (Table 4.38). 

4.13.4. Influence of DRME on heart weight  

Absolute and relative heart weights were measured in control and treated groups 

as summarized in Table 4.39. CCl4 caused significant increase in absolute and relative 

heart weight (P<0.05) when compared with control group. DRME tend to moderate this 

abrupt increase in heart weight in dose dependent manner as shown in Table 4.39. 

Silymarin group was also displaying a normal trend in heart weight as control group.   

4.13.5. Cardiac DNA and influence of DRME in ladder assay 

Figure 4.79 describes the DNA band pattern in control and various treated groups. 

The entire DNA was visualized under UV light and it was found that control DNA was 

intact whereas severe damage and tailing was observed in the group treated with CCl4. 
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These hazards were overcome with administration of DRME and no DNA damage was 

found in DRME treated groups as shown in Figure 4.79.  

4.13.6. Cardiac histoarchitecture and influence of DRME  

Histological observations of control and different treated groups are summarized 

in Figure 4.80. Normal to severe histological variations were noticed in control and CCl4 

treated group respectively with mild damage in DRME treated groups administered along 

with CCl4. Sections of heart tissue of control group displayed normal cardiac muscles 

with blood capillaries. Regular continued striations of myofibrills were observed with 

branched appearance as shown in Figure 4.80A. CCl4 treated group showed damaged 

heart muscles with distorted capillaries as shown in Figure 4.80C & D. Muscle fibers 

were degenerated and mucoid edema were seen in CCl4 treated group. Post-treatment of 

DRME along with CCl4 inhibited the free radical damage and was found to be safe as 

shown in Figure 4. 80F and G. DRME tend to mitigate the damage and maintain the 

normal histoarchitecture with, normal striation of myofibrills, regular blood supply and 

repaired cardiac muscle. DRME alone also showed normal histoarchitecture as in the 

control (Figure 4.80H).  
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Table 4.36: Serum cardiac enzymes and role of DRME. 

Treatment 

(mg/kg b.w.) 
CK (U/I) CKMB (U/I) 

Control 82.84±1.76
d
 99.51±0.66

d
 

DMSO+Olive Oil 82.93±1.86
d
 97.29±1.18

d
 

CCl4 618.64±1.61
a
 264.4±1.75

a
 

CCl4+Silymarin  84.53±1.24
d
 99.7±1.55

d
 

CCl4+DRME (40) 211.6±1.71
b
 155.8±1.78

b
 

CCl4+DRME (60) 98.48±1.55
c
 113.3±1.66

c
 

DRME (60) 84.46±1.93
d
 101.7±1.21

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.37: Cardiac antioxidant enzymes and role of DRME. 

Treatment 

(mg/kg b.w.) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

GST 

(nM/min/mg 

protein) 

GR 

(nM/min/mg 

protein) 

γ-GT 

(nM/min/mg 

protein) 

Control 5.08±0.31
d
 10.76±0.72

d
 6.35±0.72

d
 188.5±0.88

d
 226.3±1.28

d
 45.24±0.96

d
 

DMSO+Olive Oil 4.83±0.42
d
 9.86±0.83

d
 5.83±0.81

c
 176.8±0.84

d
 221.6±1.10

d
 42.92±1.58

d
 

CCl4 2.24±0.21
a
 5.89±0.71

a
 3.11±0.53

a
 78.14±1.74

a
 130.4±0.95

a
 70.18±1.24

a
 

CCl4+Silymarin 5.13±0.03
d
 9.97±0.52

d
 6.17±0.66

d
 187.1±1.24

d
 228.6±0.67

d
 42.26±1.50

d
 

CCl4+DRME (40) 3.56±0.41
b
 6.82±0.72

b
 4.18±0.85

b
 149.8±1.41

b
 179.6±0.96

b
 63.22±1.05

b
 

CCl4+DRME (60) 4.31±0.02
c
 8.48±0.61

c
 5.25±0.93

c
 145.9±0.85

b
 201.5±0.93

c
 52.92±0.98

c
 

DRME (60) 4.57±0.11
d
 10.29±0.71

d
 6.18±0.76

d
 161.3±0.78

c
 221.2±1.22

d
 44.08±2.65

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.38: Biomolecules of cardiac tissue and role of DRME. 

Treatment 

(mg/kg b.w.) 

TBARS 

(nM/min/mg 

protein) 

Proteins 

(µg/mg 

tissue) 

DNA 

damage % 

GSH 

(µM/g 

tissue) 

Control 4.68±0.01
d
 3.60±0.41

d
 0.54±0.03

d
 26.53±0.54

d
 

DMSO+Olive Oil 5.54±0.14
d
 3.29±0.15

d
 1.02±0.04

d
 23.17±1.21

d
 

CCl4 9.11±0.66
a
 0.72±0.58

a
 5.99±0.71

a
 09.46±0.48

a
 

CCl4+Silymarin 5.20±0.08
d
 3.78±0.46

d
 1.03±0.03

d
 23.28±1.34

d
 

CCl4+DRME (40) 6.76±0.12
b
 1.23±0.03

b
 3.44±0.28

b
 14.07±0.78

b
 

CCl4+DRME (60) 5.56±0.03
c
 2.53±0.42

c
 2.96±0.15

c
 19.33±1.23

c
 

DRME (60) 5.14±0.13
d
 3.79±0.39

d
 0.78±0.02

d
 26.67±0.55

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 
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Table 4.39: Effect of DRME on absolute and relative heart weight. 

Treatment 

(mg/kg b.w.) 
Absolute heart 

weight (g) 

Relative heart weight  

(% to body weight) 

Control 2.73±0.01
d
 0.023±0.009

d
 

DMSO+Olive Oil 2.66±0.14
d
 0.025±0.003

d
 

CCl4 3.97±0.03
a
 0.058±0.001

a
 

CCl4+Silymarin 2.68±0.22
d
 0.038±0.004

c
 

CCl4+DRME (40) 2.95±0.11
b
 0.045±0.004

b
 

CCl4+DRME (60) 2.75±0.23
c
 0.025±0.008

d
 

DRME (60) 2.68±0.02
d
 0.023±0.004

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

 

Figure 4.79: Agarose gel of DNA extracted from mice heart tissue with CCl4 damages 

and protective effects of DRME. (A) Control; (B) DRME + Olive oil; (C) CCl4; (D) 

CCl4+ Silymarin; (E) CCl4 + DRME 40 mg/kg; (F) CCl4 + DRME 60 mg/kg; (G) 

DRME60 mg/kg; (M) Markers. 
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Figure 4.80: Effect of DRME on cardiac histoarchitecture. (A) Control; (B) DMSO + 

Olive oil; (C & D) CCl4; (E) CCl4 + Silymarin; (F) CCl4 + DRME 40 mg/kg; (G) CCl4 + 

DRME 60 mg/kg; (H) DRME 60 mg/kg. 
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4.14. Defensive effects of DRME against testicular toxicity in mice 

Not only for heart, liver and lungs, CCl4 is also supposed to interfere with the 

reproductive system as well by its various reactive intermediates. Free radicals are also 

involved in the alterations of testicular function and may put them at risk by imbalanced 

hormones or structural disturbances on biochemical and cellular levels. In the current 

research scenario, experiment was performed on male mice and the effects of DRME 

were analyzed on testis as well. 

4.14.1. DRME outcomes on testicular enzymes 

CCl4 mediated oxidative stress induces severe damage to the cell. Being the 

defensive armory, tissue enzymes are involved in the vital functioning and maintenance 

of the cell. Reduced levels of CAT, POD, SOD, GST and GR were the proof of CCl4 

intoxication in mice as compared to control group as shown in Table 4.40. Level of γ-GT 

was high in intoxicated mice as compared to the control group. Post-treatment of DRME 

has normalized these abrupt levels dose dependently (P<0.05) and reversed to the range 

as it was in control group. DRME alone was also very effective as shown in Table 4.40.   

4.14.2. DRME outcomes on testicular biomolecules 

In this research experiment, biomolecules of testicular tissue were also 

investigated because any alteration in these vital molecules may cause severe cell 

damage. Lipids, proteins and DNA levels were observed as shown in Table 4.41.  

TBARS contents were measured to determine the degree of lipid peroxidation in control 

and various treated groups. TBARS contents were very high in CCl4 treated group 

(P<0.05) and their elevated levels serve as evidence of testicular toxicity in mice as 

summarized in Table 4.41.  These levels were controlled by the dose dependent 

administration of DRME which tends to lower the levels to those of the control group. 

DRME alone also protected the cell from the lipid peroxidation injuries as shown in 

Table 4.41. In silymarin and DMSO treated group levels of TBARS were also in their 

normal limit as these were in control group.   

Protein levels were also determined in various groups and were compared with 

control group as shown in Table 4.41. Levels of protein dropped off haphazardly in CCl4 

treated group and these were in their normal range (P<0.05) in control and DMSO treated 

group. This was also observed in the drug treated group (Tale 4.41). Post treatments of 
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DRME repaired the damage caused by CCl4 administration and their levels were in the 

normal range when administered with DRME alone (Table 4.41). DNA damage was 

analyzed by DNA fragmentation assay and it was found that severe damage was 

associated with CCl4 administration in CCl4 treated group when compared with control 

group. The damaging effects of CCl4 were neutralized by DRME administrations dose 

dependently (Table 4.41). 

Levels of glutathione were measured in various treated groups along with control 

group and it was found that CCl4 intoxication markedly decreased the levels of GSH in 

comparison to the control group (Table 4.41). DRME proved helpful in maintaining the 

normal ranges of GSH as these were in the control group (P<0.05). 

4.14.3. DRME outcomes on testicular weight  

Table 4.42 summarized the effects of DRME on absolute and relative testis 

weight measured in control and various treated group. Absolute and relative weight of 

testis tended to increase due to CCl4 intoxication when compared with control group. 

Dose dependent administrations of DRME tend to improve the conditions by reducing the 

testis weight and lessened the toxic effects of CCl4 as shown in Table 4.42.  

4.14.4. DRME outcomes on testicular DNA by ladder assay 

Ladder assay was performed to detect the degree of damage in control and treated 

groups to determine the levels of toxicities in these groups (Figure 4.81). In this analysis 

pattern of DNA was observed in different groups and it was noticed that in control group 

DNA was intact and there was no damage in DNA banding. CCl4 treated group showed 

severe hazard of toxicity and broken DNA in the form of tailing and this is visualized in 

Figure 4.81. This injured DNA was repaired by effect of DRME in CCl4 intoxicated 

mice. DRME treated group also showed the intact band patterns as those were analyzed 

in control group.  

4.14.5. DRME outcomes on testicular histoarchitecture 

Stained sections of testis tissue were analyzed by histomicrophotographs as 

shown in Figure 4.82. Control and DMSO treated groups displayed normal histology with 

proper seminiferous tubules and germ cells were within their regular concentration range 

(Figure 4.82A & B). Spermatazoa and inconspicuous sertoli cells were also displaying 

usual morphological characteristics and standard concentrations. CCl4 intoxication was 
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responsible for severe testicular injuries with reduced number of germ cells, disturbed 

germinative epithelium and interrupted interstitial cells as shown in Figure 4.82C & D. 

These pathological consequences were reversed in the groups which were administered 

with DRME dose dependently as shown in Figure 4.82F & G.  Treatment with DRME 

alone was also proven to be protective and helpful in maintaining the normal 

histoarchitecture as was observed in the control group (Figure 4. 82H). Silymarin 

treatment also repaired the effects of CCl4 intoxication (Figure 4.82E). 
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Table 4.40: Antioxidant enzymatic profile of testicular tissue and DRME. 

Treatment 

(mg/kg b.w.) 

CAT 

(U/min) 

POD 

(U/min) 

SOD 

(U/mg 

protein) 

GST 

(nM/min/

mg 

protein) 

GR  

(nM/min/m

g protein) 

γ-GT 

(nM/min/

mg 

protein) 

Control 5.2±0.01
d
 10.4±0.22

d
 5.2±0.03

d
 185.1±1.4

d
 233.9±0.85

d
 45.1±0.58

d
 

DMSO+Olive Oil 5.1±0.03
d
 10.5±0.31

d
 5.0±0.04

d
 187.6±0.8

d
 229.8±1.87

d
 43.6±0.77

d
 

CCl4 2.0±0.02
a
 4.2±0.05

a
 1.7±0.11

a
 69.2±1.2

a
 139.6±1.45

a
 88.6±1.17

a
 

CCl4+Silymarin 5.2±0.12
d
 10.3±0.32

d
 5.1±0.13

d
 188.3±1.7

d
 221.8±0.56

d
 46.5±0.66

d
 

CCl4+DRME (40) 3.8±0.07
b
 6.1±0.22

b
 3.6±0.02

b
 90.8±1.1

b
 169.5±1.48

b
 70.3±0.91

b
 

CCl4+DRME (60) 4.3±0.11
c
 8.2±0.43

c
 4.2±0.03

c
 142.8±1.0

c
 201.7±1.14

c
 52.9±0.83

c
 

DRME (60) 5.0±0.03
d
 10.4±0.23

d
 5.1±0.16

d
 179.1±1.1

d
 226.7±1.05

d
 44.0±1.62

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.41: Effect of DRME on biomolecules of testicular tissue. 

Treatment 

(mg/kg b.w.) 

TBARS 

(nM/min/mg 

protein) 

Proteins 

(µg/mg 

tissue) 

DNA 

damage % 

GSH 

(µM/g 

tissue) 

Control 4.73±0.03
d
 4.42±0.25

d
 1.67±0.01

d
 21.09±1.90

d
 

DMSO+Olive Oil 4.68±0.22
d
 4.35±0.14

d
 1.61±0.03

d
 20.93±0.89

d
 

CCl4 9.61±0.34
a
 0.97±0.14

a
 5.41±0.05

a
 08.79±1.81

a
 

CCl4+Silymarin 4.62±0.18
d
 4.22±0.32

d
 1.47±0.04

d
 20.23±0.96

d
 

CCl4+DRME (40) 7.55±0.32
b
 2.42±0.25

b
 3.09±0.05

b
 11.77±1.29

b
 

CCl4+DRME (60) 5.54±0.15
c
 3.03±0.03

c
 2.46±0.01

c
 15.57±0.51

c
 

DRME (60) 4.62±0.04
d
 4.41±0.21

d
 1.65±0.04

d
 20.97±1.52

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 

Table 4.42: Effect of DRME on absolute and relative testis weight. 

Treatment 

(mg/kg b.w.) 
Absolute testis weight 

(g) 

Relative testis 

weight (% to body 

weight) 

Control 3.67±0.11
d
 0.056±0.008

d
 

DMSO+Olive Oil 3.78±0.16
d
 0.052±0.006

d
 

CCl4 6.72±0.42
a
 0.082±0.007

a
 

CCl4+Silymarin 3.42±0.12
d
 0.052±0.003

d
 

CCl4+DRME (40) 5.73±0.31
b
 0.062±0.001

b
 

CCl4+DRME (60) 4.62±0.27
c
 0.059±0.006

c
 

DRME (60) 3.65±0.14
d
 0.057±0.005

d
 

Values are Mean±SE (n=6), different letters indicate level of significance at P<0.05 
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Figure 4.81: Agarose gel of DNA extracted from mice testicular tissue with CCl4 damage 

and protective effects of DRME. (A) Control; (B) DRME + Olive oil; (C) CCl4; (D) 

CCl4+ Silymarin; (E) CCl4 + DRME 40 mg/kg; (F) CCl4 + DRME 60 mg/kg; (G) DRME 

60 mg/kg; (M) Markers. 

 

Figure 4.82: Effects of DRME on testicular histology. (A) Control; (B) DMSO + Olive 

oil; (C&D) CCl4; (E) CCl4 + Silymarin; (F) CCl4 + DRME 40 mg/kg; (G) CCl4 + DRME 

60 mg/kg; (H) DRME 60 mg/kg.  
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DISCUSSION  

Prehistoric records about the usage of medicinal plants provide strong evidence to 

support their significance to human life. Dates back from the start of human civilizations, 

it is obvious that there was not enough knowledge and scientific understanding, hence 

people relied on plants following “doctrine of signatures” depending on any resembling 

sign and similarity e.g. shape or color resemblance. Following this knowledge of 

traditional herbalism, beans were considered to treat kidney problems, liverworts were 

used for the cure of liver ailments, walnuts for brains health, avocados for female 

reproductive system and figs for male reproductive health and many more (Lev, 2002). 

Later on with the passage of time, advancement in scientific research has confirmed that 

plants are the natural sources for the treatment of a number of health hazards. To some 

extent their importance was neglected and surpassed by the synthetic drugs, but emerging 

resistance in microbial organism has revived the need of plant based medicines. People 

had put their faith in green inheritance due to many factors like safety with no or 

negligible side effects, efficacy in more than one problems, convenient availability and 

economically affordable cost.  

Traditional usage of plants defines their ethnobotanical prominence all over the 

world. According to traditional healers, plant extracts and decoctions are beneficial which 

can be used to treat more than one health issues. This ethnobotanical worth serves as a 

base point for the discovery of therapeutic agents. Plant extracts and their derived 

compounds playing an essential role in drug discovery. Basic step in this regard is the 

isolation and characterization of active principles. Development is usually a lengthy 

procedure that takes approximately ten years for a drug to be available at commercial 

level but prescreening of these extracts with further characterization is vital. For example 

paclitaxel is an important drug established for the treatment of breast, ovarian and lung 

cancer. This drug was developed from taxol that was a secondary metabolite isolated 

from Taxus bravifolia in 1967 and was launched as cancer chemotherapy in 1992 at 

commercial level (Wall and Wani, 1995). Keeping in view the importance of natural 

products based drug discovery, the current scenario was designed to demonstrate and 

inspect the phytochemical characterization of the C. opaca along with pharmacological 

evaluation of D. roxburghiana. 
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5.1. Chemical characterization of C. opaca by NMR spectroscopy 

Being worthy therapeutic candidates from the prehistoric times, medicinal plants 

are serving the human beings for the improvement of life quality in terms of combating 

the health maladies. In the first instance, plant’s extracts were used to treat health 

problems but later on with the isolation of morphine, this line converge to further focus 

on the isolation of secondary metabolites of plants which are endowed with many 

important biological qualities. It is well known fact that ethnobotanical plants were 

chemically characterized following the bioassay-guided isolation strategies to quest the 

active constituents of the plants (Balunas and Kinghorn, 2005). Beside the novel 

chemical entities which could be a good source for new drug leads, it is worth mentioning 

to explore the already reported compounds to screen for their more diversified 

unexplored activities. After isolation, structural elucidation is most critical step carried 

out to define the structure of isolated compound. A number of techniques are used but 

structural elucidation through nuclear magnetic resonance (NMR) and mass spectrometry 

(MS) are of utmost prominence for the characterization of plant oriented leads.  Recently 

developed 2D NMR techniques e.g. COSY, HSQC, HMBC, NOESY etc. are attaining 

much more attention for the highly precise and authentic characterization of compounds.  

Keeping in view the eminence of natural product oriented lead discovery, current 

scenario was planned to chemically characterize the leaves extract of Carissa opaca 

owing to its highly significant ethnobotanical efficiency in traditional curative systems. 

For this purpose secondary metabolites were isolated chromatographically using various 

solvent systems and were characterized by NMR which are described below.  

5.1.1. Naringin 

Naringin is a flavone glycoside that was isolated from sub fraction 12 of aqueous 

fraction. Naringin was characterized by 1D and 2D NMR experiments e.g. 
1
H, 

13
C, 

1
H-

1
H 

COSY, 
1
H-

13
C HSQC, 

1
H-

13
C HMBC and 1D TOCSY. 

1
H NMR spectrum of Naringin 

exhibited a doublet at 7.34 with J value 8.5 and was integrated as two protons of H2* and 

H6*. Another doublet at 6.84 was also integrated as two protons and was attributed to 

H3* and H5* with J value 8.5. H6 and H8 were detected through a doublet at 6.18 with J 

value 12.7. A doublet of doublet was appeared at 5.39 (J=13.0, 2.7) was attributed to H2. 

H3a was designated as dd at 3.18 (J=13.2, 7.1) and another signal showing dd at 2.77 
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(J=3.1, 17.1) was assigned to H3b. H1’ was detected by a signal at 5.12 with J value 7.5 

and H1” was attributed to a singlet at 5.27. A dd at 3.95 (J=1.7, 3.4) was a specific signal 

for H2”. A signal at 1.30 (s) was assigned to methyl group attached to rhamnose sugar. 

All sugar protons were traced by 1D TOCSY experiment. 
13

C NMR of Naringin was 

displaying a signal at 198.5 (Cq) in downstream region which was attribute to C4 double 

bonded with oxygen atom. C7 was detected by a signal at 166.6 that was showing a 

quaternary carbon bonded to oxygen atom. High δ values were significant signals for 

carbon atoms bonded to high electronegative atoms. A quaternary C was displayed at 

165.0 and was attributed to C9 of flavanone group. A signal at 164.6 was displaying a 

quaternary C5 bonded to OH group. Another important signal at 159.2 was attributed to 

C4* linked to OH group. Signal at 129.4 was integrated as 2 carbons which were C2* and 

C6*. 2 carbons at 116.4 were attributed to C3* and C5*. Another signal at 104.9 was 

designated as quaternary C10. Two carbon signals at 102.6 and 96.7 were displaying 

methine groups of C6 and C8 respectively. C1’ was detected by a signal at 99.4 and a 

signal at 64.7 was attributed to C1”. C5” was displayed at 80.9 which was a methine C 

bonded to methyl group. A signal at 78.9 was designated to C2 which was a methine 

group bonded to oxygen atom. Another signal at 18.4 was assigned to C6” as a methyl 

group. Kim et al. (2007) also documented the similar proton and carbon δ values of 

Naringin, isolated from Poncirus trifoliate, with very minute variances which were due to 

different solvent DMSO-d6 instead of methanol-d4. Maltese et al. (2009) also reported 

similar NMR data of Naringin isolated from grape fruits. Very minute differences were 

observed which were due to the different solvents used to run NMR experiments.  

5.1.2. Prunin 

Prunin is also an important flavonoid in which flavanone core structure is linked 

with glucose sugar. This was extracted as sub fraction 27 of ethyl acetate extract. 

Structure was resolved through numerous 1D and 2D NMR experiments e.g. 
1
H, 

13
C, 

1
H-

1
H COSY, 

1
H-

13
C HMBC, DEPT 135, DEPT 90 and NOESY etc.  

1
H NMR displayed a 

doublet at 7.35 (J=8.5) was integrated as two protons of H2* and H6*. At 6.84 another 

doublet was also integrated as showing two protons with J value 8.5 and was assigned as 

a signal for H3* and H5*. At 6.24 (d, J=2.2) two protons were ascribed to H6 and H8. A 

signal at 5.41 was displaying a doublet of doublet (J=13.0, 2.7) that was attributed to 



Chapter 5                                                                                                              Discussion 
 

Phytochemical characterization of Carissa opaca and pharmacological studies of Dicliptera roxburghiana            182 
 

proton 2. Signal at 4.99 was assigned to H1’ which was a doublet with J value 7.3. A 

doublet of doublet at 3.19 (J=13.1, 17.1) was characterized as H3a. Proton 3b was 

showing a doublet of doublet at 2.77 (J=3.1, 17.1). 
13

C NMR data showed a signal at 

downstream region with δ 198.7 which was due to C4 double bonded with highly 

electronegative oxygen atom. A signal at 175.2 was attributed to C9 which was a 

quaternary carbon. Carbon atom at 167.2 was attributed to C7 which was bonded with 

oxygen atom. Another C signal at 164.8 was also detected in downstream region which 

was assigned as C5 bonded to OH group. C4* was confirmed by δ 159.5 which was a 

quaternary carbon bonded to OH group. At 129.3 a long carbon signal was integrated as 

two carbons which were assigned as C2* and C6*. A long carbon signal at 116.5 was 

integrated as two carbons of C3* and C5*. A signal at 105.2 was attributed to quaternary 

C10. At 101.5, a signal was displayed that was ascribed to C1’. Similar data were 

reported by Turner et al. (2005) who isolated Prunin from cranberry juice and 

characterized through NMR. In another report Sang et al. (2002) also isolated Prunin 

from almond skin and described the similar 
1
H and 

13
C NMR data.   

5.1.3. Ursolic acid 

1
H NMR spectrum of Ursolic acid exhibited the resonance at δ 5.25 (1H) that was 

attributed to the double bonded proton H12 showing a triplet with J value of 3.6. A dd 

(J=6.2, 10.0) at δ 3.18 (1H) was assigned to the proton 3 that was bonded to the OH 

group. Resonance at δ 2.23 (1H) with a d of J value 11.1 was assigned to proton 18 that 

was directly linked to the double bonded quaternary C 13. Six methyl of total seven were 

depicting singlet (3H) whereas one methyl group at position 29 was exhibiting doublet 

(J=0.98, 6.6 Hz). 
13

C NMR of Ursolic acid demonstrated the presence of 6 quaternary 

carbons, 7 CH, 9 CH2 and 7 CH3 groups. A signal at a very high δ of 182.1 was a proof of 

the presence of a carboxyl C (COOH) that was bonded to two oxygen atoms and so 

resonance was shifted toward very high chemical shift value. Two C signals at 139.8 and 

127.2 were characterized as double bonded quaternary C13 and double bonded CH of 

C12 respectively. Signal at δ 79.8 was presented as CH of C3 that was bonded to the OH 

group. Same spectroscopic observations of Ursolic acid were reported in literature with 

slightly different chemical shift values owing to different deuterated solvent of pyridine-

d5 instead of deuterated methanol (Babalola and Shode, 2013; Silva et al., 2008; 
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Seebacher et al., 2003). Ursolic acid was also isolated from other members of 

Apocynaceae e.g. Alstonia scholaris (Suhagia et al., 2013), Vinca minor L and Nerium 

oleander (Babalola and Shode, 2013) and Alstonia boonei etc. (Adotey et al., 2012).  

5.1.4. Uvaol 

1
H NMR of Uvaol was resolved and it was confirmed that double bonded proton 

was indicating resonance at δ 5.17 with a triplet of J value 3.6. Two protons of a CH2-OH 

group were displaying signals at δ 3.61 (d, J=11.2) and δ 3.05 (d, J=11.2) and this was 

the confirmation of an entirely different functional group from that of Ursolic acid. 

Resonance at δ 3.12 with a dd (J=6.2, 10.2) was assigned to the proton 3 (1H) that was 

bonded to the hydroxyl group at position 3. Methyl groups at position 29 was 

representing doublet with J value 6.6 Hz at 0.96 while rests of the all methyl groups were 

showing singlets (3H). 
13

C NMR of Uvaol confirmed the presence of 6 quaternary C, 7 

CH, 10 CH2 and 7 CH3 groups. Two high shift signals at δ 140.5 and 126.5 were 

indicating the double bonded C at position 13 (quaternary) and 12 (CH) respectively. 

Resonance at δ 79.6 was showing two signals, one was assigned to the C3 (CH) that was 

bonded to the OH group and the other was a solvent impurity peak. Resonance at δ 70.3 

was attributed to the carbon of CH2 group at position 28 that was directly bonded to the 

OH moiety. The same data about NMR of Uvaol was reported with minor differences in 

δ that were due to the different solvent e.g. CDCl3
 
(Shahani et al., 2012).  

5.1.5. Procrim a 

Procrim a was a long chain fatty acid ester derivative of lupeol. Procrim a was 

isolated as a yellow greasy material with subfraction 3 of ethyl acetate extract. Structure 

was elucidated following various 1D and 2D NMR experiments e.g. 
1
H, 

13
C, 

1
H-

1
H 

COSY, 
1
H-

13
C HSQC, 

1
H-

13
C HMBC, DEPT 135, and NOESY etc. 

1
H NMR data 

indicate the presence of two doublets at 4.69 (J=2.2) and 4.57 (J=2.2) which were 

resonated as methylene protons double bonded to carbon atom and were assigned as 

H29a and b. A signal was resonated at 3.98 which was ascribed to C3’ bonded to OH 

group. Two dd at 2.51 (J=5.2, 12.7) and 2.40 (J=6.8, 12.7) were attributed to methylene 

group at C2’. High chemical shift value indicate that C2’ was linked to C1’ which was 

attached to oxygen atom through a double bond. A signal at 2.37 was displaying a triplet 

(J=10.9) and was designated to H 19. A signal at 4.52 was designated as proton 3 bonded 
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to oxygen atom. 
13

C NMR data displayed a signal at 172.3 which was assigned to C1’ 

double bonded with oxygen atom. Another important signal at 151.4 was attributed to 

quaternary carbon 22 double bonded with methylene group. Signal at 109.3 was ascribed 

to C29 which was a methylene group double bonded with quaternary carbon. A signal 

was resonated at 81.8 which was attributed to C3 bonded with oxygen atom. Another 

signal at 68.4 was designated as C3’ bonded with OH group. At 29.4-29.5 many 

overlapping carbon signals were integrated as 9 carbons and were attributed to side 

chains C5’-C13’. Similar results about structural elucidation of Procrim a were 

documented by other researchers with negligible variations which were due to different 

solvent (Fotie et al., 2006; Furukawa et al., 2002).  

5.1.6. Procrim b 

LCMS of fraction CEF 3 was indicating presence of Procrim b. It was well 

documented that Procrim b was very similar to Procrim a with only difference of 

additional two methylene groups in the fatty acid side chain (Furukawa et al., 2002).  

These two additional groups lie in the same regions at δ 29.4- 29.5 where overlapping 

carbon signals were integrated as total 9 carbons. According to Furukawa et al. (2002) in 

case of Procrim b these overlapping carbon signals were reported at the same region but 

were integrated as total 11 carbons. Due to similar remaining NMR data of both 

compounds, we relied on the MS chromatogram of the CEF 3 that prove the presence of 

Procrim a as well as Procrim b.  

5.2. Characterization of C. opaca by mass spectrometry 

Regarding phytochemical characterization, mass spectrometry is a healthy 

approach to unravel the chemical composition without isolation of compounds to save 

time. Two types of mass spectrometry are considered for such type of screenings e.g. 

LCMS and GCMS.  

Liquid chromatography assisted mass spectrometry (LCMS) is a sophisticated 

technique useful for the characterization and identification of constituents present in plant 

extracts without isolation. LC/MS/MS analysis was performed in positive ion mode. In 

this analysis leaves extract of C. opaca was analyzed to characterize various flavonoids, 

flavonoids glycosides and other compounds on the basis of fragment ion analysis. Using 

the predicted elemental composition, several possible structures were then identified 
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using the Chem Spider Database. The structures were then used to get predicted 

fragmentation patterns and then compared to the obtained spectra. Where a significant 

number of peaks matched, it was inferred that it would be likely that predicted structure, 

or a very similar structure was present. This is the limitation of identification by accurate 

mass and fragmentation alone. However even for peaks with a close matching elemental 

composition, not all could be matched to either a structure on the database or structures to 

the fragmentation pattern. Every component was exhibiting specific fragmentation 

pattern. Fragment ion formations were critical for every compound because in every 

component cleavage was observed at specific sites in A, B and C rings of flavanone part 

or at specific glycosidic bond in case of attached sugar. Iwashina et al. (2012) 

characterized the flavonoids present in Reaumuria soongarica by chromatographic 

separation followed by LCMS analysis to confirm m/z ratios of the flavonoids present in 

sample and they concluded that plant was very rich in various significant flavonoids.    

Another important technique used widely is gas chromatography mass 

spectrometry (GCMS). This is also benevolent to study the components present in 

samples without separating them. Our results are in accordance with the results of other 

researchers who identified the chemical constituents through their fragmentation patterns 

of various plants of different plant families (Tang et al., 2012; Hanganu et al., 2010; 

Kallenbach et al., 2009; Wang et al., 2000).  

5.3. Biological activities of isolated compounds of C. opaca 

Isolated compounds were further subjected to numerous in vitro biological 

activities. In antioxidant test systems e.g. DPPH, ABTS, O2, OH, H2O2 and 

phosphomolybdate radical scavenging systems, it was certified that all the compounds 

exhibited strong antiradical potencies. Naringin, Ursolic acid and Prunin were behaving 

excellently to scavenge all types of radicals. Uvaol and Procrim a were also good 

scavengers but less active as compared to Naringin, Ursolic acid and Prunin. Being 

strong antioxidant, these compounds displayed appreciable IC50 values which 

authenticate their significant aptitude to terminate the radical chain reactions. Similarly 

compounds were presented as potent microbial inhibitors that can halt the growth of 

microbial organisms. Again Naringin, Ursolic acid and Prunin were especially active to 

inhibit the growth of bacterial and fungal strains whereas Uvaol and Procrim a; were 
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moderately active. All compounds were tested for the cytotoxicity using Hela cell lines in 

MTT assay. It was proven that all the compounds were nontoxic. This nontoxic behavior 

of the compounds supports their antioxidant proficiencies. Nontoxic nature of the 

compounds was also a proof that these compounds do not kill the whole microbial cells, 

instead they selectively inhibit the enzymes or co-factors to halt the microbial cell 

growth. These different constituents were endowed with various functional groups e.g. 

COOH, OH, double bond etc. hence these biological activities were attributed to these 

functional groups. Yu et al. (2005) investigated the antioxidant prospective of Naringin in 

various radical based test systems. In another in vitro study conducted on various solid 

tumors, it was confirmed that Naringin was displaying highest inhibitory activity against 

MDA human breast cancer cells by hampering the release of vascular endothelial growth 

factor ultimately inhibited the angiogenesis in tumor tissue (Schindler and Mentlein, 

2006). In an in vivo study conducted on rats, it was concluded that Naringin significantly 

manage the hepatic injuries triggered with D-galactoseamine through tempering the 

oxidative stress and inflammatory cascade (Mahmoud et al., 2013). Sang et al. (2002) 

demonstrated the antioxidant potential of Prunin against DPPH radical test system and 

they concluded that compound was active against quenching the DPPH radical. Ursolic 

acid is gaining utmost attention due to its potent inhibitory activity against various co-

factors or regulators involve in cancer e.g. NFκB, STAT3, Bcl-2, Bax, ICAM-1, p53, and 

PKC (Manu and Kuttan, 2008; Shishodia et al., 2003). Ursolic acid was well documented 

as inhibitor for migration and invasion of human breast cancer cells by modifying c-Jun 

N-terminal kinase, AKT and signaling of rapamycin (Yeh et al., 2010). According to 

Checker et al. (2012) Ursolic acid was a potent inhibitor of NFκB, AP-1 and NF-AT 

thereby displaying strong anti-inflammatory potential. Ursolic acid was also active 

against mutant streptococci and various other bacterial strains (Kim et al., 2011; Chung et 

al., 2011; Wolska et al., 2010). Regarding Uvaol, in a study conducted MDR1 transfected 

mouse lymphoma cells, it was demonstrated that Uvaol was very active against the 

multidrug resistance in MDR mouse lymphoma cell lines (Martins et al., 2010). Uvaol 

was documented with positive prospective demonstrated in cadmium instigated 

cytotoxicity in HepG2 cells (Miura et al., 1999) and in various antimicrobial screenings 

(Sun et al., 2006). Similarly compounds were presented as potent microbial inhibitors 



Chapter 5                                                                                                              Discussion 
 

Phytochemical characterization of Carissa opaca and pharmacological studies of Dicliptera roxburghiana            187 
 

that can halt the growth of microbial organisms. These different constituents were 

endowed with various functional groups e.g. COOH, OH etc. hence the biological 

activities were attributed to these functional groups because in a number of literature 

data, it is said that higher the number of OH groups, greater will be the antimicrobial 

potency (Sato et al., 1996). Flavonoids are manufactured in plants to combat the plant 

infections so they are endowed with antimicrobial proficiencies (Cowan, 1999). All these 

compounds were presented as potent microbial inhibitors that can halt the growth of 

microbial organisms. Flavonoids are reported to form complexes with the soluble and 

extracellular proteins and also with bacterial cell wall hence cause disruption (Tsuchiya et 

al., 1996). In the literature it has been demonstrated that mechanism of action of 

triterpenoids underlies specific pathways through which these antimicrobials halt the cell 

division ultimately diminish the DNA synthesis. These active agents also stop the 

synthesis of macromolecules of microbial organisms which may be due to the cell 

membrane disruption (Chung et al., 2011). These results showed that MIC values were 

high against Gram negative bacteria due to the presence of capsule that inhibit the 

penetration of compounds inside the bacterial cell hence acting as permeability barriers 

(Tegos et al., 
 
2002).  

5.4. Preliminary phytochemical screening and GCMS analysis of D. roxburghiana 

Preliminary phytochemical screening of plant extracts is a good measure to get a 

clue about the secondary metabolites present in plants. A plethora of research has shown 

that plants synthesize a wide range of secondary metabolites during the fate of their 

normal metabolical pathways. These secondary metabolites are specifically distributed in 

specific plant genera or species and are supposed to defend the plants from many hazards 

e.g. microbial infections etc. (Mazid et al., 2011). The term secondary metabolites 

describes a wide array e.g. flavonoids, terpenoids, coumarins, alkaloids, tannins, 

phlobatannins, anthraquinones, saponins, cardiac glycosides etc. These metabolites are 

supposed to be endorsed with a number of biological properties e.g. antioxidant, 

antimicrobial and anticancer etc. (Wadood et al., 2013). 

All fractions of D. roxburghiana were tested for the presence of these secondary 

metabolites, and it was found that methanol fraction was supplied with all these 

metabolites while rest of the fractions were exhibiting the presence of metabolite 
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selectively. The reason behind these results was that the rest of the fractions e.g. n-

hexane, ethyl acetate, chloroform and n-butanol fractions, were extracted from methanol 

fraction via solvent-solvent extraction method. During this solvent dependent extraction, 

these metabolites get absorbed selectively in their respective solvent according to their 

polarity index hence were distributed in different fractions specifically. These findings 

authenticate the medicinal value of the plant under observation. Regarding GCMS 

screenings of D. roxburghiana, a number of important compounds were identified which 

authenticate the therapeutic worth of the plant. Our findings are in accord with the results 

of Tripathi et al. (2014). They concluded that plant was richly supplied with the active 

biodynamic phytochemicals hence strengthen the medicinal worth of the plant.  

Flavonoids are considered as highly active antioxidants and are reported to be 

present abundantly in medicinal plants (Agati et al., 2012). Methanol and all other 

derived fractions were exhibiting positive fallouts for the presence of flavonoids. This 

may be the reason behind antioxidant nature of the plant D. roxburghiana. Our findings 

about the flavonoid presence are in the same line as reported by Bahuguna et al. (1987) 

who determined the chemical characterization of the plant and confirmed the presence of 

important flavonoids e.g. apigenin, kaempferol, luteolin and apigenin-7-O-glucoside.   

Regarding alkaloids, it was found that alkaloids are powerful agents against 

neurodegenerative diseases e.g. Takos and Rook (2013) described that alkaloids are very 

significant for the management of Alzheimer’s disease and also act as anticancer agents. 

Alkaloids were found to be present nearly in all fractions except the chloroform and 

aqueous extracts.  

Tannins are also important constituents of plants and are well known due to their 

special roles as antioxidant, anticancer and antimicrobial (Chung et al., 1998; Hassanpour 

et al., 2011). It was analyzed that tannins were present in all fractions of D. roxburghiana 

hence proven the antioxidant value of the plant. Venugopala et al. (2013) described the 

medicinal worth of coumarins as antimicrobial, anti-inflammatory, antioxidant and 

anticancer agents. Our results showed that coumarins were present in all fractions except 

n-hexane and chloroform fractions.  

Terpenoids represent another important class of secondary metabolites with many 

biological characteristics e.g. anticancer, antioxidant, anti-inflammatory and 
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antimicrobial characteristics (Omoyeni et al., 2014). All fractions of D. roxburghiana 

were proven to have terpenoids and this was another supportive parameter to justify the 

medicinal value of the plant. Anthraquinones also possess antimicrobial and antiparasitic 

capabilities (Pieters and Vlietinck, 2005) and these metabolites were also present in all 

fractions of plant except n-butanol and aqueous fraction. This preliminary phytochemical 

screening give a clue about the medicinal worth of the plant that is used as general tonic 

in traditional health systems.  

5.5. In vitro antioxidant profile of D. roxburghiana 

Plants are richly supplied with antioxidant moieties and serve the purpose of 

precise mediators against a number of radical based intimidations. Excellent antioxidant 

influence of the plant is directly linked to its active phytochemicals. In this research 

design, once it was confirmed that plant is rich source of natural armory of secondary 

metabolites, it was decided next to appraise the antioxidant potential of the plant D. 

roxburghiana. For this purpose eight antioxidant parameters were estimated on methanol 

and all its derived fractions extracted in a solvent dependent manner.  

Before going to antioxidant profile estimation, total flavonoid and phenolic 

contents of the D. roxburghiana were determined. A glut of research data determined that 

antioxidant behavior of the plant runs parallel with its flavonoids and phenolic contents.  

DRME, DREF, DRCF and DRBF were showing appreciable quantities of these active 

antiradical constituents. Our findings suggested that high phenolic and flavonoid contents 

of the plant were the major contributor to attribute the scavenging strength against the 

free radicals in oxidation pathways. Our findings matched with the reports of Sawadogo 

et al. (2006) who determined the total flavonoid and phenolic contents of six members of 

Acanthaceae family and correlate their presence with antioxidant characteristics of plants. 

John et al. (2013) also investigated the flavonoid and phenolic contents of six Justicia 

species from Acanthaceae and found the similar records. Our results were in accordance 

with the previously published data e.g. Hossain et al. (2013) also quantified the flavonoid 

and phenolic contents and concluded flavonoids and phenolic as active constituents of the 

plant. Other research reports also support our findings about the direct correlation of 

flavonoid and phenolic contents with the antioxidant capabilities (Sen et al., 2013).   
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Regarding antioxidant profile determination, DPPH assay is considered one of the 

best ways to gauge the quenching strength of the plant that is mandatory for radical 

neutralization. DPPH is a stable radical but in the presence of antioxidant it can get 

reduced by antioxidant’s electron donation (Brand-Williams et al., 1995). A purple 

colored bleaching solution of DPPH serves as a significant source of radical donor and is 

frequently used to govern the electron donating capabilities of the plant (Nunes et al., 

2012). Extent of color change is directly linked with the strength and concentration of 

antioxidant moieties. DRME, DRCF, DREF and DRBF were exhibiting strong DPPH 

scavenging capabilities that were obvious by changed coloration from violet to yellow. 

These manifestations were positively correlated with the high flavonoid and phenolic 

contents of D. roxburghiana. This was due to the multifaceted nature of both these 

constituents that act as health promoting agents; neutralize the DPPH radical by hydrogen 

donation hence protect from probable damage. Sawadogo et al. (2006) also estimated the 

DPPH scavenging aptitude of plants of Acanthaceae and positively correlated the 

flavonoid and phenolic contents to the antioxidant proficiencies of the plants. 

Superoxide radical is crucial in the list of all reactive oxygen species (Alves et al., 

2010). By itself it is weak radical but it can instigate extreme grievances in cells by the 

fabrication of hydroxyl radical and singlet oxygen (Meyer and Isaksen, 1995). Present 

scenario suggested that DRME and DRCF had potent scavenging activity against O2 

radical and a strong positive correlation was demonstrated with flavonoid and phenolic 

contents bound in these fractions.  

Phosphomolybdate is another assay that is performed to assess the inclusive 

antioxidant activity of the extract (Khan et al., 2012b). In the presence of antioxidant 

sample, Mo (VI) gets reduced to Mo (V) with subsequent formation of green colored 

phosphomolybdenum V complex. When monitored spectrophotometrically, this complex 

was exhibiting maximum absorbance at 700 nm. Our findings demonstrate that D. 

roxburghiana has a good antioxidant potential that was the collective contribution of 

phenolic and flavonoid components of the plant. Highest proportions of flavonoid and 

phenolic contents in DRME, DREF, DRCF and DRBF were positively interlinked with 

phosphomolybdate radical quenching capabilities.   
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Hydroxyl radical is also a potent source of chain initiation reaction and can easily 

tie with the poly unsaturated fatty acids of cell membranes phospholipids, eventually 

inducing severe pathogenesis (Halliwell and Gutteridge, 1981). It can also interlink every 

molecule of the cell and can cause mutation and carcinogenesis (Babu et al., 2001). 

Hydroxyl radical was produced by the reaction of ferrous ion with 2-deoxyribose and 

ultimately results in the subsequent formation of malonaldehyde which was inhibited by 

TBA. Hydroxyl radical scavenging proficiency of the extract is directly proportional to 

its antioxidant power (Gulcin et al., 2005). DRME and DRCF were proven to be strong 

hydroxyl radical quenchers due to their abundant flavonoid and phenolic contents.  

ABTS is another very familiar reactive radical that can trigger cell damage and 

ultimately lead to severe pathological manifestations. In this assay ABTS oxidizes to 

ABTS+ chromophore on reaction with potassium persulphate and ultimately undergoes 

reduction by the antioxidant present in the sample. Results justified that plant is richly 

supplied with active principals which serve as ABTS radical scavengers. These findings 

suggest that the plant can be used for the treatment of radical related stress due to ABTS 

radical quenching ability (Sahreen et al., 2010). Loss of color in this experiment can be 

related with the reductive ability of various constituents present in D. roxburghiana e.g. 

flavonoid and phenolic contents.  

In this research design, we also evaluated the hydrogen peroxide scavenging 

capability because H2O2 is supposed to be detrimental reactive oxygen radical which is 

very toxic and ultimately induces damage in the cell. Fate of mechanism of action 

underlies the conversion of H2O2 into hydroxyl radical that may initiate lipid peroxidation 

and DNA mutations (Gulcin et al., 2003b). Present investigations suggested that all plant 

extracts were capable of quenching this radical that may be due to their phenolic contents 

that convert H2O2 to water. DRME and DRCF were proven strong scavengers whereas 

the rest of the fractions were not so active. 

Reducing power assessment is also very important parameter to gauge the overall 

antioxidant prospective of extracts. Plant antioxidants have tendency to convert the Fe
+3

/ 

ferric cyanide complex to ferrous form by contributing their one electron with subsequent 

turning of yellow colored solution to green. Intensity of color change is proportional to 

the concentration of antioxidant present in the test sample. Reducing capability can be 
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monitored spectrophotometrically by analyzing the increase in absorbance at 700 nm. 

Previous data reported that reducing is actually responsible for antioxidant activity by 

bestowing hydrogen atom that in turn will halt the fee radical chain mechanism (Gordon, 

1990).  Upturning absorbance exhibited by all fractions of the plant was an indication of 

strong antioxidant prospective of D. roxburghiana. Furthermore reducing power of D. 

roxburghiana may be endorsed with the efficiency of its highly active antioxidative 

constituents that were reported by Bahuguna et al. (1987).  

Lipid peroxidation is an additional parameter to demonstrate the total antioxidant 

propensity of the plant. Lipids of cellular membranes are particularly susceptible to 

oxidative perils. Lipid peroxidation by free radical results in the fabrication of 

malonaldehyde (MDA) that reacts with DNA and causes mutation in the form of DNA 

adducts (Dedon et al., 1998; Marnett, 2000). Active components of D. roxburghiana 

impeded the chain reactions recruited to generate lipid peroxides. Present research design 

ascertained that all fractions of the plant significantly subdued the lipid peroxidation that 

was due to the cumulative contribution of its phenolic and flavonoid contents that play 

important roles in antioxidant manifestations. 

Positive correlation of flavonoid and phenolic contents were determined with all 

radical quenching assessments. Substantial correlation of flavonoid and phenolic contents 

were depicted with DPPH, O2, ABTS and phosphomolybdate assays whereas a very weak 

correlation was exhibited by hydroxyl radical test system. There was no correlation of 

H2O2 with flavonoid and phenolic contents.   

All these findings of antioxidant profile of D. roxburghiana have proved its 

strong antioxidant potential which may be endorsed by the presence of flavonoid 

apigenin, kaempferol, luteolin and luteolin-7-O-glucoside as reported by Bahuguna et al. 

(1987) and all other important compounds identified by GCMS.  Sen et al. (2013) also 

reported the similar results by evaluating the antioxidant activity of leaves of Meyna 

spinosa roxb using DPPH, superoxide, hydroxyl and hydrogen peroxide assays. They 

found that plant fractions were exhibiting appreciable activities to scavenge the free 

radicals. Florence et al. (2014) investigated in a comparative study DPPH and ABTS 

scavenging characteristics along with lipid peroxidation profile of the plant Cajanus 

cajan seeds and Moringa oleifera leaf extract. They found that M. oleifera extract was 
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more active in scavenging capabilities due to its higher flavonoid and phenolic contents. 

In another study, various solvent extracts of different parts of Fagonia cretica were 

analyzed to investigate the antioxidant capability in terms of various radical based test 

system and they found that plants were potently impeding the radicals and this quality 

was attributed to the high flavonoid and phenolic contents of the plant (Iqbal et al., 2014). 

By following the already cited data about plant extracts, we validated the antioxidant 

proficiencies of D. roxburghiana and attributed this endorsement to its appreciably high 

flavonoid and phenolic contents. 

5.6. Antimicrobial assessments of D. roxburghiana 

Regarding health concerns, rising prevalence of infections due to emerging 

resistance of microorganisms has become a preeminent challenge all over the world. 

These microbes acquire multiple drug resistance (MDR) the so called superbugs and put 

forth the urge for consistent search for new antibiotics. Records traced back to medieval 

times evidenced the ethnobotanical practice of plant extracts for the treatment of fever 

and numerous serious infections. Plethora of research data about medicinal plant species 

demonstrated their charismatic influences over infections and diseases. Phytochemicals 

present in plant samples e.g. flavonoids, phenolics, tannins, alkaloids, coumarins etc. are 

thought to be natural defensive armory to combat a number of health issues.   

For determination of antibacterial activity of plant extracts, minimum inhibitory 

concentration (MIC) of extracts were recorded as a standard measure of inhibition  

against various Gram positive and Gram negative bacterial strains at lowest sample 

concentrations (Lambert and Pearson, 2000). Ethnobotanical data of the plant D. 

roxburghiana also described its use for the wound healing (Khan et al., 2012a).  For this 

purpose, antibacterial activity of D. roxburghiana was inspected using various 

concentrations of plant extracts in terms of zones of inhibition and MIC. It was found that 

DRME and DRHF were highly active against all bacterial strains at MIC of 3 mg/ml, 

whereas DREF, DRCF and DRBF were showing moderate inhibition against these 

strains. DRAF was not good against these strains and MIC values range from 5 to 10 

mg/ml. Plant samples were also reported for activity against fungal growth. Some of the 

plant constituents e.g. phenolics, tannins, alkaloids etc. may inhibit the fungal growth at 

low concentrations. The same observations were recorded for antifungal activity of D. 
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roxburghiana. A strong antifungal activity was demonstrated for all fractions, DRME and 

DRHF were most effective whereas the rest of the fractions were behaving moderately 

and selectively against various fungal strains. DRAF was least effective among all tested 

fractions.  

High activity was noticed in DRME and DRHF which may be due to the presence 

of active phytochemicals in them. As n-hexane is less polar solvent, most volatile and 

non-volatile oils and low polarity compounds can easily be extracted with it and that may 

be the reason behind its significant antibacterial behavior. Our results were following the 

same line as revealed by other researchers (Chic and Amom, 2014; Siddiqui et al., 2014). 

In another study, Shaik et al. (2014) gauged the antibacterial activity of ninety medicinal 

plants and they verified that plant oils were very active against bacterial strains. Amin et 

al. (2012) also scrutinized the antimicrobial activity of three medicinal plants and they 

validated very potent antimicrobial prospective exhibited by these plants against various 

bacterial and fungal strains. All these manifestations are the supporting points to certified 

that plants are very good candidates for antimicrobial aptitudes due to the presence of 

their active phytochemical profiles.  

5.7. Cancer chemopreventive screening of D. roxburghiana 

Cancer is the leading cause of death in most countries of the world and is 

influenced by a number of factors including diet, life style, environmental pollutants and 

carcinogens (Key et al., 2004). A diversified range of cancer chemopreventive assays are 

attaining momentous considerations by many researchers to unravel the active moieties 

present in botanicals. These involve two major divisions, one is cancer chemopreventive 

assessment and the other is antiproliferative assessment.  

Nitric oxide (NO) production in lipopolysaccharides (LPS) activated murine 

macrophage cells inhibition assay was carried out to govern the nitric oxide synthase 

(NOS) inhibition by plant samples. Nitric oxide is highly reactive nitrogen radical that 

leads to the onset of carcinogenesis and mutations in DNA. Nitric oxide’s over 

expression results in a wide range of inflammatory manifestations and so by itself serves 

as an indicator to monitor the extent of inflammation in affected cells. Nitric oxide 

synthase (NOS) inhibitors are assumed as competent moieties to regulate the NO induced 

stress and health hazards. Phytochemicals may inhibit the NOS and in turn may halt the 
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carcinogenic demonstrations. All fractions of D. roxburghiana were tested for iNOS 

assay and it was demonstrated that DRHF was behaving as a potent inhibitor of NOS that 

suggested the prominent positive role of D. roxburghiana in cancer preventions. It is 

worth stating here that all the samples were nontoxic to the cells and were showing 

appreciable survival percentage. DRHF was inhibiting the NO production and at the same 

time was proven as nontoxic to cells that mean DRHF may control the NO production 

without killing the cell.  

QR1 is another noteworthy parameter to monitor the positive consequences of 

plant extracts in cancer chemoprevention assays. QR1 is a defensive enzyme hired for the 

detoxification of deadly reactive species. It can easily transfigure quinones to 

hydroquinones with broad spectrum specificity for reduction of hydrophobic quinones. 

QR1 is widely distributed in mammalian cells and easily demonstrated by monitoring the 

induction responses. Among all fractions of D. roxburghiana, DRCF was most effective 

fraction with appreciable CD value. This assay demonstrated the positive consequences 

of plants in the chemoprevention of cancer. Secondary metabolites of plants e.g. 

flavonoids and triterpenoids are reported as well-known mediators of QR1 with 

appreciable roles in cancer chemopreventions (Fahey and Stephensen, 2002; Cheng et al., 

2010). This activity in D. roxburghiana is also attributed to its flavonoids e.g. apigenin, 

kaempferol, luteolin and apigenin-7-O-glcoside (Bahuguna et al., 1987) and other 

phenolics as well.  

TNF-α activated nuclear factor kappa-B (NFκB) inhibition was also assessed 

along with other parameters. Being a transcription factor, NFκB readily mediates the 

expression patterns of those genes which are of primary importance in cell proliferation, 

differentiation and inflammation responses. In this analysis, all fractions were noticed for 

their power of inhibition of NFκB and it was demonstrated that DREF and DRBF 

displayed a strong inhibitory potential against NFκB at low doses. This activity is also 

assigned to the high contents of active secondary metabolites present in D. roxburghiana. 

Saelee et al. (2011) also screened some Thai plant extracts for their NFκB inhibition 

activity and they concluded that those herbal extracts were influencing the expression 

patterns of NFκB for the prevention of psoriasis.  
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Aromatase inhibition was also monitored in chemoprevention assays. Aromatase 

is significant for the production of estrogens therefore playing a unique role for cancer 

inductions in particular conditions e.g. post menopause. Constituents that inhibit 

aromatase are considered as precious moieties for the cancer chemoprevention. All 

fractions of D. roxburghiana were explored for the aromatase inhibition assessment but 

none of them were displaying positive effects.   

Regarding antiproliferative screenings, cytotoxic potential and antitumor 

characteristics of all fractions of D. roxburghiana were investigated against different 

cancer cell lines e.g. IcIc-7, MYCN-2, SK-N-SH, MCF-7 (estrogen receptor positive 

breast cancer cell line) and MDA-MB-231 (estrogen receptor negative breast cancer cell 

line) cancer cell lines. It was resolved that DRBF was highly significant in terms of 

antitumor activity with survival rates < 60 in case of IcIc-7, MYCN-2 and SK-N-SH cell 

lines whereas DREF and DRCF were showing antiproliferartive against SK-N-SH cell 

line. No any positive results were displayed in activity against MCF-7 and MDA-MB-

231 cancer cell lines. These results give us a clue that plant extracts contain some active 

antiproliferative constituents which exhibit anticancer activities. Furthermore these 

constituents were playing their critical roles in selective cancer cell lines. Other 

researchers also reported the likely observations e.g. Haq et al. (2013) investigated and 

validated the positive consequences of various medicinal plants with regard to cancer 

chemopreventive (Aromatase, QR1, Nitrite and TNF-α mediated NFκB) and 

antiproliferative proficiencies (MCF-7, MDAMB-231). In another study Vernonia 

amygdalina extract was found to exhibit good anticancer potential against various breast 

cancer cell lines e.g. MCF-7, MDA-MB-231 etc. (Wong et al., 2013).   

5.8. In vivo toxicity profile of D. roxburghiana 

Free radicals are commencing dual characteristics in the usual metabolical 

pathways either acting as secondary messengers or as toxic moieties for the induction of 

oxidative stress (Valko et al., 2006). In times when excessive amalgamation of free 

radicals takes place, it initiates disproportionality between the internal oxidant and 

antioxidant of the body which ultimately triggers oxidative stress in case of 

overproduction of oxidants. To sustain a steadiness between these two states, the natural 

defense scheme of the body becomes actively engaged to detoxify and neutralize the 
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oxidant, thereby terminating the oxidative mutilation originated by free radicals which 

otherwise acts as the root cause of many pathological conditions e.g. cancer, diabetes, 

cardiac and neurodegenerative disorders, aging, inflammatory diseases and many more 

(Harman, 1998).  

In this explorative task, CCl4 was mirrored as a radical commencing poisonous 

agent because of plethora of research evidence which have been publicized to endorsed 

its deadly toxicological consequences manifested at numerous organs in animal models 

e.g. liver, kidney, lungs, heart and testis (Khan, 2012b; Khan et al., 2012f; Adetoro et al., 

2013; Ahmad et al., 2013; Sahreen et al., 2014b). The mechanism of CCl4 intoxication 

underlies the activation of CCl4 by cytochrome P450 e.g. CYP2E1, 2B1/B2, and to some 

extent by 3A, which are responsible for the generation of deadly tricholoromethyl (CCl3
•
) 

and trichloromethylperoxyl radical (CCl3OO
•
) which are the key mediators to trigger 

lipid peroxidation along with severe tissue destruction (Weber et al., 2003). 

Medicinal green heritage is serving as the best substantial and benevolent health 

remedies with potential restorative consequences in many health infirmities. To gauge the 

pharmaceutical worth of the plant, methanol extract of D. roxburghiana was selected to 

demonstrate its potential role in numerous in vivo parameters piloted on Balb c male mice 

animal models. The entire research experimentation was premeditated for one month to 

validate acute toxicity in mice. Before going to the experimental start, toxicity profile of 

D. roxburghiana was monitored for estimation of the dose concentration. Doses at 20, 40, 

60, 100, 200 and 400 mg/kg DRME were considered. At 400 mg/kg b.w. DRME, few 

mice were died and the remaining ones showed very dull behavior, these observations 

prove that high doses of DRME e.g. 200 and 400 mg/kg, were toxic for animals while 

there were no signs of toxicity at lower doses which were then decided as safe and were 

practiced for in vivo curative potential of the plant. In the current research program, 

dosage at 40 and 60 mg/kg DRME was selected for the demonstration of acute toxicity. 

In this research experiment, silymarin was used as a positive control because this is a 

standard drug which exhibits strong antioxidant characteristics. According to Shaker 

(2010), silymarin was isolated from Silybum marianum and has strong antiradical and 

anticancer proficiencies. It is very potent against chronic liver injuries, liver cirrhosis, 



Chapter 5                                                                                                              Discussion 
 

Phytochemical characterization of Carissa opaca and pharmacological studies of Dicliptera roxburghiana            198 
 

steatohepatitis and hepatocellular carcinoma along with inhibitory effects on cell 

proliferation, angiogenesis and inflammatory responses (Feher and Lengyel, 2012).  

5.8.1. Hepatoxicity investigations 

Being a potent hepatotoxin, CCl4 administration led to severe oxidative stress at 

cellular and biochemical levels by the over production of noxious trichloromethyl and 

trichloromethylperoxyl radicals. These oxidative consequences were measured by 

monitoring the levels of serum enzyme, tissue enzymatic levels, bimolecular and 

histological pathologies. Abruptly enhanced serum enzyme levels e.g. AST, ALP, ALT, 

γ-GT and LDH, were strong indication of severe hepatic damage induced with CCl4. This 

may involve the leakage of these particular enzymes from cell cytoplasm to outside 

mainly due to cellular membrane injuries. It was noticed that these elevated levels of 

serum enzymes return to their normal range limit when mice were co-administered dose 

dependently with DRME. These results were due to the protective effect of plant which 

was proven active to overcome the harmful inductions of CCl4 because plant is richly 

supplied with phytochemicals e.g. apigenin, kaempferol, luteolin and apigenin-7-O-

glucoside as reported by Bahuguna et al. (1987).  Similar results were noticed by Hussain 

et al. (2012) who demonstrated the antioxidative properties of Solanum xanthocarpum 

fruit extract against drug induced noxiousness. They found that plant has the potential to 

regulate the elevated serum markers in dose dependent manner in intoxicated animals. 

Our investigations are also in accordance with the findings of Singh et al. (2008) who 

also attest the threatening consequences of CCl4 and declare that high levels of serum 

markers were intensely allied with destructive cellular infiltration, centrilobular necrosis 

along with ballooning of liver.  

Lipid profile of the cell is a collective term used in this project for the estimation 

of total cholesterol, triglycerides, low density lipoproteins (LDL) and high density 

lipoproteins (HDL). Lipoproteins are involved in essential metabolical pathways 

scheduled in liver and are very critical for the appropriate regulation of proper liver 

functioning. These are basically involved in the transportation mechanism of cell engaged 

for the transport of cellular constituents. CCl4 causes over regulation of cholesterol, 

triglycerides and lipoproteins which act as a leading cause of anomalous and irregular 

performance of cell. These abnormally elevated levels of cholesterol, triglycerides, LDL 
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and HDL were attenuated by dose dependent administration of DRME ultimately 

supports the curative prospective of plant extracts. Our results are in accordance with the 

results of other researchers (Ebaid et al., 2013). These preventive effects may interlink 

with increased catabolism of cholesterol into bile acid (Chan and Tang, 1995) with 

subsequent cessation of cholesterol formation and LDL receptor activity (Muller-Wieland 

et al., 1994).     

CCl4 intoxicated mice also showed alterations in body and organ weight e.g. a 

marked increase was noticed in liver weight but overall body weight was reduced which 

was indication of tumorgenesis in liver. Antioxidant enzymes of the body form a 

defensive armory that encompassed CAT, SOD and POD along with phase II 

metabolizing enzymes e.g. GST, γ-GT, GR etc. CAT is extremely vital enzyme existing 

in all aerobic cells and is actively remain busy for the catalytic detoxification of H2O2 to 

H2O and O2 to control the higher level of cellular H2O2 which otherwise is very deadly 

for cells (Reiter et al., 2000). SOD is very critical in its special function of dismutation of 

superoxide radical to H2O2 which is further acted upon by CAT to mitigate its 

noxiousness at cellular levels. Peroxidase is capable of detoxifying the reactive oxygen 

species. GST performs its function by catalyzing GSH with xenobiotic to form water 

soluble stable compounds thereby intend their elimination from cells (Hartman and 

Shankel, 1990). GSH is a non-enzymatic antioxidant component that exerts its effect by 

detoxification of toxic moieties hence maintains normal structure and function of the cells 

(Gueeri, 1980).  Higher levels of GSH protect cellular proteins from oxidation through 

glutathione redox cycle and also neutralize xenobiotics (Ketterer, 1998). CCl4 

administration result into marked diminution in the above mentioned defensive armory 

ultimately put forth the incidence of oxidative hazards in the cells. Declining limits of 

antioxidant enzymes were ameliorated judiciously by the dose dependent administration 

of DRME in mice. These observations advocated the protective antioxidant potential of 

DRME in numerous in vivo manifestations. Similar findings were reported by Adetoro et 

al. (2013) who investigated the in vivo antioxidant effects of aqueous extract of Vitex 

doniana in rat liver intoxicated with CCl4. In another acute study protective consequences 

of Sida cordata were measured by analyzing the levels of these antioxidant enzymes. 
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They found that lethal concerns of CCl4 were reversed by the protective effects of S. 

cordata in animal models (Mistry et al., 2013).   

Biomolecules of cells e.g. DNA, lipids and proteins are crucial for the normal 

structural and functional maintenance. Lipid peroxidation is the key phenomenon for the 

stimulation of oxidative stress and is monitored by recording the levels of TBARS. Lipids 

confined in cellular membranes are more susceptible for oxidation. According to Vaca et 

al. (1988) polyunsaturated fatty acids of biomembranes were the first target of radical 

oriented oxidative trauma which was measured by the production of a potent 

malonaldehyde (MDA) hence malonaldehyde amalgamation in liver is the most apparent 

signal of liver mutilation (Ohkawa et al., 1979). According to Iranshahi et al. (2011) 

metabolism of CCl4 is elicited by cytochrome P450 enzyme that brings about fabrication 

of trichloromethyl radical. This radical instigates lipid peroxidative induction ultimately 

leading cell necrosis.  In the present experimentation, a prominent augmentation in MDA 

was surveyed in CCl4 intoxicated mice liver. MDA contents were recorded in their 

normal limits when mice were co-administered with DRME. This whole picture explains 

the curative outcomes of DRME with potential capability to inverse the CCl4 mediated 

perils in these animals. Our investigations are similar to those of Xie et al. (2012) who 

appraised the hepatoprotective potential of Cassia seeds in mice liver intoxicated with 

CCl4 and they concluded that the plant extract has outstanding aptitudes to reinstate the 

lipid peroxidation based detrimental influences.  

DNA is also extreme menace of mutation and strand breakage owing to 

deleterious enactment of free radicals. Yields of lipid peroxidation e.g. malonaldehydes, 

are more likely engaged to mutate the DNA. In our current exploration scheme, we 

scrutinized the DNA impairments by monitoring the DNA fragmentation percentage. 

Free radicals also impede the CYP2E1 activity, instigate construction of oxo8dG and 

initiate p53 gene expressions which are the fundamental aspects for cellular apoptosis and 

necrosis (Fahmy et al., 2009; Khan, 2012a).  It was obvious from our findings that DNA 

damage was at its highest percentage in the mice intoxicated with CCl4. DNA damage 

was appreciably subdued with the treatment of DRME in dose dependent way which is 

also depicted in DNA banding patterns recorded during DNA ladder assessment. Our 

results are also in accordance with the explorations of other researchers (Hermenean et 
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al., 2012; Khan et al., 2012d). Proteins are also substantial contenders to govern the 

oxidative mutilation triggered by reactive species. CCl4 poisoning induced an immense 

decline in cellular proteins due to their sensitivity and vulnerability to risk of intermediate 

radicals of CCl4. These intimidating fallouts were reversed by the co-treatment of D. 

roxburghiana which authenticate its use for the treatment of hepatic maladies. Analogous 

results were found during an in vivo study conducted on rat liver to evaluate the 

protective outcomes of Ganoderma lucidum (Lin and Lin, 2006).  

Histopathological interpretations of the hepatic architecture were also prominent 

indicative markers of tissue injuries in toxin affected mice. Hepatocytes regeneration is a 

significant feature to investigate the positive consequences of plant extracts on the 

hepatic cells (Sadasivan et al., 2006). Hepatic impairment induced by CCl4 underlies the 

necrosis, fatty changes, fibrosis, hepatic hypertrophy, collagen deposition and nuclear 

degeneration but treatment with D. roxburghiana alleviated these pathological 

manifestations hence mitigated the toxic effects of carcinogenic substance. Our 

consequences are in the parallel line as proposed by Hussain et al. (2012) while 

evaluating the hepatoprotective consequences of Solanum xanthocarpum fruit extract. 

They concluded that the plant has mitigated the liver cell necrosis and attenuated the 

hepatic injuries by marked reduction in inflammatory cell infiltration. In an acute vivo 

study, Osman et al. (2011) also concluded the similar protective effects of pomegranate 

and guava ethanol extracts on hepatic architecture of animal.  

5.8.2. Nephrotoxicity assessment 

CCl4 mediated reactive substances not only affect the liver but also interfere with 

the renal structure and function as well. Intermediate reactive radicals of CCl4 catalyzed 

by cytochrome P450 oxygenase e.g. trichloromethyl and trichloromethylperoxyl radicals, 

trigger lipid peroxidation in all cells (Lee and Jeong, 2002). Oxidative trauma instigated 

by interference of these CCl4 intermediate reactive radicals with the renal antioxidant 

enzymes, renal biomolecules and renal histoarchitecture result into numerous health 

malaises. Medicinal plants are familiar candidates for the management of renal oxidative 

hassle tempted by free radicals. A number of scientific interpretations support the 

protective effects of medicinal plants in dealing with the reactive radical intermediates. 

These reactive radicals can be counteracted by important constituents of plants e.g. 
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flavonoids and phenolics. As D. roxburghaina is well enriched with highly active 

antioxidants e.g. apigenin, kaempferol, luteloin and apigenin-7-O-glucoside (Bahuguna et 

al., 1987), so this may be the reason for the best antioxidative behavior of plant to 

alleviate the intoxications of CCl4 in mice kidney.  

Protective measures of DRME were analyzed by monitoring the urine profile of 

mice which provides a better understanding to explore the normal functional status of 

kidney. Existence of RBC and urobilinogen in urine were also obvious indications of 

impaired kidney due to CCl4 injuries because urobilinogen is not eliminated with urine 

unless there is any renal disturbance (Khan et al., 2012f). Specific gravity and pH of urine 

are correlated with urine osmolality and it was demonstrated that acidic pH and high 

specific gravity were warning signs of kidney dysfunction due to CCl4 interference. 

Elevation of WBC contents, urea and urinary creatinine were also a hint of oxidative 

stress encouraged with CCl4 that reflects the leakage of these markers in the case of 

ruptured renal organelles, damaged nephrons and renal cells infiltration (Khan et al., 

2009b). The present experiment ascribed the DRME as a safe and effective remedy to 

counteract the renal intoxicative stress by repairing effects on renal organelles. Similar 

findings about urine profile were documented by Khan et al. (2012f) while analyzing the 

protective effects of Sonchus asper extract in animal against nephrotoxicity induction by 

KBrO3.  

Serum proteins e.g. creatinine, urobilinogen, globulin, bilirubin and albumin are 

supposed to be serum markers which were also showing unexpected levels in mice 

administered with CCl4. There was a clear elevation of serum creatinine, urobilibnogen 

and total bilirubin due to impaired renal function induced with CCl4 intoxication (Tortora 

and Grabowski, 1996; Adewole et al., 2007, Bhadauria et al., 2008). Abnormal intensities 

of globulin and albumin in serum were due to leakage from cells injured by CCl4 radicals 

(Khan et al., 2010).  When treated with DRME there was a supportive trend to normalize 

these abrupt levels in mice intoxicated with CCl4. These findings are the signal of 

potential curative properties of D. roxburghiana which were due to its high and effective 

antiradical constituents. These results were all following the same route as narrated by 

other researchers (Tirkey et al., 2005; Venkatanarayana et al., 2012).  
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Kidneys are sensitive organs which are responsible for the reabsorption of water 

and mineral nutrients. Antioxidant enzymes of renal tissue are very important and are 

accountable for the neutralization of these radicals into non-toxic products. Normal levels 

of antioxidant enzymes are essential for the regular functioning of kidney tissue. CAT, 

POD, SOD, GST, γ-GT and GR are fundamental antioxidant enzymes bound to renal 

tissue and act as a defensive armory to counteract the most harmful and toxic free 

radicals. Their levels were noticed with marked reductions when there were excess of 

free radical originated by CCl4 intoxication. Regular concentrations of these enzymes are 

essential for the appropriate functioning at cellular and biochemical levels. DRME 

administrations were very effective and benevolent to contribute renal protections against 

oxidative tribulations initiated by CCl4 hence proven its effective role in renal injuries. 

This renal protection was endowed to the presence of active flavonoids and phenolic 

contents of the plant. Similar findings were reported by other researchers (Arulmozhi et 

al., 2012). In a vivo study conducted on Wistar rats, protective effects of Colpomenia 

sinuosa was concluded against oxidative damage elicited by CCl4 (Ramarajan et al., 

2012). Biomolecules are more vulnerable to radical based hassles and are very important 

to execute various essential tasks. These biomolecules comprise cellular DNA, lipids and 

proteins. Lipids are very sensitive cellular moieties present in cellular membranes and 

involved in transportation. Trichloromethyl radical, intermediate radical of CCl4, can 

draw a hydrogen atom from a fatty acid to yield a lipid radical. This radical further reacts 

with oxygen to initiate lipid peroxidation (Sipes et al., 1997). It was observed that DRME 

was very active to halt the lipid peroxidation mechanism. Ahmed et al. (2012) also 

evaluated the same protective effect of Physalis peruviana against CCl4 mediated renal 

toxicity in male rats. 

Being a sensitive molecule, any mutation in the DNA will alter the genetic 

information and ultimately lead to altered functional integrity. DNA is also more 

vulnerable to MDA which can form M1G DNA adduct of pirimedopurinone adduct of 

deoxy-guanosine. Radical mediated hazards can be monitored by the DNA fragmentation 

assay and DNA ladder assay. It was detected that DNA of intoxicated mice kidney was 

damaged which serves as a clue of oxidative stress mediated by reactive radicals e.g. 

trichloromethyl and trichloromethylperoxyl. These anomalies were amended to an 
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appreciable extent with the co-administration of D. roxburghiana which has antiradical 

curative prospects for the maintenance of normal renal functions. Similar observations 

have been documented by other researchers (Khan et al., 2014).  

Reactive free radicals can also put proteins at high risk because these radicals 

interfere with side chains of amino acids which in turn alter the structural and functional 

integrity of proteins. It was observed that CCl4 intoxicated mice were displaying very 

reduced levels of protein which were improved significantly with the dose dependent 

administration of D. roxburghiana.  Similar results were reported by other researchers as 

well (Ramarajan et al., 2012). GSH, a potent antioxidant, was also destroyed by CCl4 in 

renal tissues but was improved with DRME treatment. Similar results were published in 

previous literature regarding GSH (Ganie et al., 2011). 

Histoarchitecture of mice kidney was also examined in this research project and 

deleterious manifestations of CCl4 were reflected as evidence of oxidative hazard which 

ascertain that basic mechanism of action was same as it was in case of hepatotoxicity 

(Ogeturk et al., 2005). A severe impairment to glomerular and Bowman’s capsule was 

observed along with dilated tubules and renal vasocongestion. It was hypothesized that 

renal dysfunction may be associated with the tubule dilation which was responsible for 

over functioning of nephrons (Adewole et al., 2007). Administration of DRME was a 

beneficial way to manage the histopathological damage due to the presence of active 

constituents of the plants. Our results are in accordance with the investigations of 

Venkatanarayana et al. (2012) who scrutinized therapeutic potential of the curcumin 

against nephrotoxicity instigated by carcinogenic CCl4.  

5.8.3. Pulmotoxicity assessments 

Like liver and kidney, lungs are also extremely susceptible to the high risk of 

CCl4 intoxication with pulmonary degenerative induction because through respiration 

lungs are in direct contact with air pollutants e.g. toxic chemical vapors, which put them 

on high risk of troubles e.g. pulmonary fibrosis, lung cancer and oxidative hazard 

(Ibrahim and Al-Shathly, 2014). Oxidative inductions mediated by CCl4 intoxication 

were appreciably influencing the mice lungs regarding biochemical and physiological 

consequences which were monitored by conducting diversified assays. A number of 

researchers have evaluated the effects of free radicals on the lung (Ahmad et al., 2013) 
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and ascribe these toxicities to the abundantly present cytochrome P450 enzymes whose 

activation is interrelated to the construction of highly reactive intermediate radicals 

(Weber et al., 2003).    

Biochemical profile of lung tissues revealed that antioxidant enzymes e.g. CAT, 

POD, SOD, GST, GR and γ-GT were present in abundance in lung tissues and are more 

likely to maintain the balance between oxidants and antioxidants. These defensive 

enzymes were engaged in the catalytic detoxification of H2O2 and O2 into non-toxic 

intermediates of H2O and oxygen. Decline in the level of these defensive enzymes e.g. 

GST, SOD, GR and γ-GT etc. in lungs were noticed in toxin effected animals (Ganie et 

al., 2011) and it was hypothesized that this hazardous decline was directly associated 

with CCl4 intoxication that mediates the ample generation of reactive radicals e.g. 

trichloromethyl and trichloromethylperoxyl radicals. These intoxication dilemmas were 

reversed to their normal pattern by the management with DRME which have ameliorated 

the impairments instigated with CCl4. Similar observations were confirmed by Sahreen et 

al. (2014a) while evaluating protective effects of C. opaca in pulmonary damage and 

fibrosis instigated by CCl4.  

Reactive radicals are a potent cause of inductions to degenerate tissue 

biomolecules e.g. lipids, proteins and DNA. It was well documented in a number of 

research investigations that membrane lipids were more susceptible to reactive species of 

CCl4 which instigate excessive generation of lipid radicals ultimately cause lipid 

peroxidation. DRME administrations halt the lipid peroxidation mechanism dose 

dependently which was at its highest peak in the lung tissue affected with CCl4. Our 

findings are in the same line as were reported by other researchers (Ganie et al., 2011). 

Pulmonary DNA was also among the targets of CCl4 mediated radical hazards due to 

invasion of reactive radicals into the nucleus (Marnett, 2000). In DNA assessments it was 

examined that like liver and kidney, pulmonary DNA was also ruthlessly impaired by the 

reactive species of CCl4. It was observed that D. roxburghiana was very effective to 

recover the injuries instigated by CCl4. In another study conducted on rat lung, similar 

outcomes on pulmonary DNA were gained by treatment with plant extracts (Khan, 

2012a).  
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Pulmonary proteins are very important to clearly demonstrate the hazards 

presented by CCl4 in mice lungs. It was observed that D. roxburghiana has a durable 

curative potential for proteins in CCl4 intoxicated mice that was demonstrated by the 

recuperated levels of damaged pulmonary proteins. Ahmad et al. (2013) reported similar 

observations while signifying the positive consequences of Oxalis corniculata in lungs to 

overcome the CCl4 mediated dangers. GSH is another significant antioxidant component 

in cells and its level is measured basically to monitor the radical quenching potential of 

the cells. Higher contents of GSH are appreciably worthy to scavenge the reactive radical 

and serve the purpose of prominent indicator of stress by CCl4 when reduced to lower 

limits. 

Regarding histopathological architecture of lungs, structural analysis of cellular 

components was of great importance because there was strong correlation between 

structural damage and pulmonary dysfunction. It was observed that CCl4 intoxication 

induce interruption of alveolar septa, narrowing of lumen of alveolar sacs, overloading of 

blood capillaries and contraction of alveolar walls along with augmented number of 

fibroblast which was accountable for collagen fiber deposition. D. roxburghiana 

administrations were of high influences on these impairments and were proven as benign 

and effective for the management of pulmonary damage in mice. Similar judgments were 

justified by other researchers (Ferrari et al., 2013; Ibrahim and Al-Shathly, 2014) for 

exploration of potentially positive outcomes of plants against pulmonary harms.  

5.8.4. Cardiotoxicity assessments 

It is well documented that heart tissue was also at high risk of reactive radical 

species which instigate destructions due to their interactions with cytochrome P450 

enzymes. As cited in the literature that beside liver, kidney, and lungs, CCl4 was also a 

very potent cardiotoxin that exerts its pathological consequences by initiating oxidative 

trauma in cardiac tissue (Eshaghi et al., 2012). For this perseverance, influences of D. 

roxburghiana were also assessed on cardiac tissue of mice to demonstrate the deadly 

consequences of CCl4 intoxication in heart. 

To judge the cardiac grievances, level of serum cardiac enzymes creatine kinase 

(CK) and creatine kinase-MB (CKMB) were monitored owing to their worth as standard 

markers signified by WHO for cardiac damages (Adams et al., 1993). It was 
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hypothesized that oxygenated reactive species instigate peroxidation of membrane bound 

lipids which cause disruption of cardiac cells, ultimately result into leakage of cardiac 

enzymes into serum (Han et al., 1997). It was demonstrated in a number of research 

investigations that raised levels of cardiac enzymes signify the myocyte dilemmas (Zhou 

et al., 2008; Rajadurai and Prince, 2007). CCl4 mediated oxidative stress was responsible 

for the boosted concentrations of cardiac marker enzymes in serum but was appreciably 

and significantly reduced with the administration of DRME. This analysis supports the 

protective consequences of D. roxburghiana in the control and prevention of heart 

injuries in mice. Our research followed the same line as narrated by other researchers 

(Al- Rasheed et al., 2014).  

Cardiac antioxidant enzymes are also important indicators to monitor the 

biochemical alterations which reflect as a clue for the measurements of the cardiac 

injuries. In this study we have checked the levels of antioxidant defensive enzymes bound 

in the heart tissue e.g. CAT, POD, SOD, GST, GR and γ-GT. Reduced levels of these 

antioxidant enzymes were highly correlated with the lethal effects of CCl4 toxicity in 

heart tissue because of the imbalance prompted by overproduction of oxidant mediated 

by toxin. This imbalanced hassle was monitored by the administration of DRME and it 

was observed that plant extracts have the potential to ameliorate the oxidative stress and 

related toxicological profile. Similar improvements were studied by the treatments with 

Carissa opaca and Cornus mas in management of oxidative hazard instigated by CCl4 in 

cardiac tissue (Sahreen et al., 2014b; Eshaghi et al., 2012).  

Biomolecular profile was also inspected to get a clue about adverse effects of 

toxin and potentially curative consequences of our selected plant under observation. It 

was traced that lipid peroxidation was major damage instigated by toxin owing to 

increased permeability of membrane in mice (Kaczor et al., 2007). To trace the DNA 

damage by reactive radicals, cardiac tissue was examined to follow the patterns of DNA 

through fragmentation and ladder assay. These peroxidation and DNA breakage injuries 

were mediated by the administration of D. roxburghiana and were proven as potentially 

worthy candidate to impede the lipid peroxidation and DNA based damage. Cardiac 

tissue protein levels were also distressed by the introduction of CCl4 but were improved 

by the administration of DRME. Similar reports were published by other researchers in 
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which plants were validated and endorsed for curative effects on biomolecular profile of 

cardiac tissue (Khan et al., 2011b). Depleted level of GSH was also a good sign to 

confirm the oxidative trauma initiated by CCl4 and it appeared that DRME was very 

effective for the predicament of oxidative stress management. Other investigators have 

also reported the same observations (Ebaid et al., 2013).    

Cardiac histopathological examination was an imperative parameter to witness the 

potential therapeutic effects of plant on structural and cellular components of heart tissue. 

Severe harms and pathologies were scrutinized which were directly correlated with CCl4 

toxicities e.g. myocardial atrophy and cytoplasmic vacuoles along with formation of 

nuclear degeneration in myocytes and disturbed striations. These anomalies were 

reversed to their normal state by DRME which has showed that plant extracts have a 

strong potential to scavenge radical thereby mitigating the oxidative hazard. Chang et al. 

(2014) also documented similar cardiac impairments triggered by CCl4 while evaluating 

the curative consequences of herbal supplements on heart losses. They found that plant 

extracts were good candidates to inhibit the toxin related injuries.  

5.8.5. Testicular toxicity assessment  

Beside a hepatotoxic entity, CCl4 was also hazardous for testicular tissues 

(Ahmed et al., 1987; Ohta et al., 1997). According to Tombolini and Cingolani (1996) 

CCl4 intake causes accumulation and deposition of CCl4 in human testicular tissue which 

may cause damage. Generation of oxidative reactive radicals e.g. trichloromethyl and 

trichloromethylperoxyl radical, through metabolism of CCl4 triggered severe pathological 

dilemma in rat testis (Khan and Ahmed, 2009). Keeping in view the destruction caused 

by CCl4 in testis, it was worthy to check the influence of D. roxburghiana for its positive 

consequences in testicular damage.  

CCl4 triggers anomalies on the biochemical and cellular level regarding testicular 

structural and functional integrity. Regarding biochemical levels, antioxidant enzymes 

were very sensitive and more vulnerable to reactive radical mediated stress. Levels of 

CAT, POD, SOD, GST, GR and γ-GT were crucially supportive to demonstrate the 

extent of damage triggered by CCl4. These enzymes were the preferable targets of the 

reactive radical which initiate chain reactions. Levels of antioxidant enzymes dropped off 

surprisingly in CCl4 affected mice testis and were very important signals of oxidative 
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damage. These levels were boosted to their regular ranges when mice were administered 

with DRME dose dependently.  These findings were in accordance with the findings of 

Al-Olayan et al. (2014) that demonstrated the protective role of Punica granatum against 

CCl4 induced intoxications in male animals. It was concluded that plant has strong 

curative properties against the CCl4 instigated injuries at tissue and biochemical levels in 

mice.  

Biomolecular profile was also examined to monitor the alterations and 

modifications related with toxin and selected plants. For this purpose, DNA, lipids and 

proteins were evaluated in various investigative systems. As mentioned previously that 

lipids were the main marker targets for oxidation mediated by CCl4 instigated reactive 

radicals. Activation of cytochrome P450 led to the excessive manufacture of CCl4 

radicals e.g. trichloromethyl and trichloromethylperoxyl radicals which have strong 

affinity for fatty acids of lipids to form fatty radicals and initiate the fatty acid oxidation 

in membranal lipids which trigger sever danger in tissues (Weber et al., 2003). Keeping 

in view this whole mechanism, it was concluded that CCl4 mediated reactive radicals 

were the leading ground facts of lipid peroxidation in membranal lipids. It was observed 

that DRME has a potent curative potential to halt the lipid peroxidation in mice testicular 

tissue. Similar results were documented by Danladi et al. (2013) for analysis of protective 

consequences of Nigella sativa against impairments initiated by CCl4 in testis.  

DNA and protein damages were also monitored in various groups and it was 

observed that CCl4 instigated deadly effects in mice testicular tissue. Levels of proteins 

were reduced in intoxicated groups whereas plant has ameliorated the lethal effects and 

improved the levels of proteins to their normal limits. DNA damage percentage was 

observed in fragmentation assay along with DNA ladder assay. High fragmentation 

percentage and broken DNA were revealed by the toxin treated group. It was certified 

that plant extracts have the capabilities to halt these lethal consequences and also have 

tendencies to improve the DNA present in testicular tissue. Sahreen et al. (2013b) also 

investigated the protective effects of Rumex hastatus in hepatic and testicular toxicity and 

they concluded that plant extracts were endowed with good antiradical potential. Levels 

of GSH were also examined to evaluate protective potential of the plant. It was shown 

that levels of GSH reduced dramatically in toxin affected mice whereas with 
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administration of DRME it was increased to appreciable concentration. This was a 

supportive hint for the curative potential of plant. Similar observations were explored by 

Hefnawy and Ramadan (2013).  

Regarding histological pathologies, structural deformities were seen which were 

directly correlated with toxic outcomes of the poison used to develop testicular damage in 

animals. Degenerated sperm and Leydig cells were clearly visible in CCl4 targeted groups 

along with abnormal seminiferous tubules and basement membranes. These deformities 

were reversed when mice were administered with DRME to evaluate the potential 

restorative activity in testicular tissues. Similar reports were observed by Sakr and Nooh 

(2013) who evaluated the protective effect of Ocimum basilicum against testicular 

damage induced by carcinogenic chemicals.  
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CONCLUSION  

 Regarding phytochemical characterization of C. opaca, it was concluded that 

plant extracts contain significant secondary metabolites when analyzed by NMR 

spectroscopy. All these findings validated the ethnobotanical use of plant material 

which was attributed to the active moieties of C. opaca.  

 LC/MS/MS was also practiced for the determination of active constituents 

without separating them. It was confirmed that plant extract contain significant 

flavonoids along with other secondary constituents.   

 The isolated active constituents were strong antioxidant and antimicrobial agents 

when tested in various in vitro biological systems.  

 GCMS was undertaken to determine the chemical constituents of extracts from 

both plants. It was demonstrated that plants were richly supplied with important 

chemical components which could serve the purpose of therapeutic and medicinal 

approaches. 

 Preliminary phytochemical screening of various extracts of D. roxburghiana 

validated that the plant contained many significant active constituents e.g. 

flavonoids, alkaloids, terpenoids, coumarins, tannins, cardiac glycosides, 

saponins, phlobatannins etc. that authenticate the plant as a good candidate with 

strong pharmacological characteristics.  

 Regarding antioxidant potential of the D. roxburghiana, it was demonstrated that 

plant extracts contained chemicals with substantial potency to quench radicals and 

these ultimately can act as a potent remedy for the management of radical 

mediated stress and health maladies.  

 While exploring antimicrobial proficiencies of D. roxburghiana, it is worth citing 

here that plant was appreciably endowed with appreciable inhibitory strength 

against microbial candidates and can be considered as antimicrobial mediator to 

combat infectious diseases. 

 Concerning cancer chemopreventive and antiproliferative prospective of D. 

roxburghiana, it was concluded that plant extracts shown anticancer potential and 

can serve as anticancer representatives to overthrow cancerous activities.     
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 In relation to in vivo studies of D. roxburghiana demonstrated on mice, it was 

discovered that plant has a curative role against serological, histopathological, 

biochemical and biomolecular anomalies triggered with CCl4 intoxications in 

hepatic, renal, cardiac, pulmonary and testicular toxicities. Plant extracts can 

regulate the normal levels of enzymatic and non-enzymatic constituents by 

repressing the radical mediated activities in all organs. The effects of toxin on 

DNA, lipids and proteins were ameliorated appreciably by administration of plant 

extracts. Plant has dramatically overhauled the impairments prompted by toxin on 

histological architecture. Serological assessments were also auxiliary 

demonstrations to authenticate therapeutic aptitudes of plant.  

 Hence the consent of current scenario authenticates the phytochemical 

characterization of C. opaca and pharmacological potential of D. roxburghiana. 

 

FUTURE PEERSPECTIVES  

Present scenario certified plant extracts as potent therapeutic sources to develop 

natural product oriented drugs to combat threatening malaises e.g. cancer and reactive 

radical mediated trauma prevailed in developing countries. Strong pharmacological 

potential of D. roxburghiana suggested its further high throughput screenings in various 

clinical trials to validate its use for management of various human maladies. Keeping in 

view the importance of constituents obtained through chemical characterization of C. 

opaca, we recommend the further in vivo screening of these compounds in various animal 

models to evaluate the preclinical efficacy followed by essential clinical trials to certify 

their usage for management of related ailments.  
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APPENDICES 

APPENDIX I 

 

 

Figure 7.1: 2-[(1-methyl-1H-1,2,3,4-tetrazol-5-yl)-thio]-acetic acid. 

 

Figure 7.2: Diethyl-[1-[(trimethylsilyl)-methylene]-propyl]-(Z)-Borane. 
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Figure 7.3: 2,3-dihydro- Benzofuran. 

 

 

 

Figure 7.4: 3-(2-hydroxyphenyl)-(E)-2-propenoic acid. 

 

Figure 7.5: Geranic acid. 
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Figure 7.6: Neric acid. 

 

 

Figure 7.7: Nerolic acid. 

 

Figure 7.8: Docosane. 
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Figure 7.9: 2,2,4,9,11,11-hexamethyl-dodecane. 

 

 

Figure 7.10: Nonacosane. 

 

Figure 7.11: (S)-(-)-2-[(methylthio)-methyl]-2'-(4 -morpholinylmethyl)-1,1'-binaphthyl. 
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Figure 7.12: 3,7-dimethyl-methylester-2,6-octa-dienoic acid. 

 

 

 

Figure 7.13: Ethyl geranate. 

 

Figure 7.14: 1,7-dimethyl-4,4a,5,6 tetrahydropyrido-1H-[1,2-b]-pyridazin-2(3H)-one. 
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Figure 7.15: 2,6-dimethyl-3-(methoxymethyl)-p-benzoquinone. 

 

 

Figure 7.16: 9-hydroxy-1-methyl-1,2,3,4-tetrahydro-8-hpyrido-(1,2-a)-pyrazin-8-one. 

 

Figure 7.17: 1,4-dimethoxy-2,3,6-trimethyl-benzene. 
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Figure 7.18: 7-epi-trans-sesquisabinene-hydrate. 

 

Figure 7.19: Geranyl-a-terpinene. 

 

Figure 7.20: 3-bromo-hexane. 
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Figure 7.21: 2-formyl-4,6-dichlorophenyl-ester-valeric acid. 

 

 

Figure 7.22: 2,4-Methylene-D-epirhamnitol. 

 

Figure 7.23: 2,4:3,5-dimethylene-l-iditol. 
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Figure 7.24: Neophytadiene.  

 

Figure 7.25: 3,7,11,15-tetramethyl-2-hexadecen-1-ol. 

 

Figure 7.26: Phytol-acetate. 
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Figure 7.27: Methylester-hexadecanoic acid. 

 

Figure 7.28: 14-methyl-methylester-pentadecanoic acid. 

 

Figure 7.29: 3-(4-Hydroxy-3,5-dimethoxyphenyl)-2-methylpropan-1-ol. 
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Figure 7.30: Dimethyl 3,6-dimethyl-1,4-dihydro pyridazine-4,5-dicarboxylate. 

 

Figure 7.31: (Z)-3-[(2-methylcyclohexylidene)-methyl]-3-pentanol. 

 

Figure 7.32: 2-Isopropyl-6,6-dimethyl-1-oxaspiro-[2.5]-octane-4,8-dione. 

 



Chapter 7                                                                                                             Appendices 

 

Phytochemical characterization of Carissa opaca and pharmacological studies of Dicliptera roxburgjhiana   255 
 

 

Figure 7.33: 1-Methyl-8-phenyl-3,4-dihydro-pyrrolo-[1,2-a]-pyrazine. 

 

 

Figure 7.34: 3,5-Dimethoxy-p-coumaric-alcohol. 

 

Figure 7.35: 10-Methyl-2(10H)-phenazinone. 
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Figure 7.36: Methyl-ester 9-octadecenoic acid. 

 

Figure 7.37: Methyl-ester 8-octadecenoic acid. 

 

Figure 7.38: 3,16-diol-ursane. 
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Figure 7.39: 2-Isopropyl-5,5-dimethyl-1,3-dioxane-2-ethanol. 

 

Figure 7.40: 9H,10H-4b,9a-([1,2]-benzenemethano)-indeno-[1,2-a]-indene. 

 

Figure 7.41: Bromide of 21. 
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Figure 7.42: Thebenidine. 

 

Figure 7.43: 6-(2,4-dichlorophenyl)-3-cyano-4-(N-phenylpiperazino)-2H-pyran-2-one. 

 

Figure 7.44: (2S,3R,4E)-5-Benzenesulfonyl-2,3 isopropyl-idenedioxypent-4-en-1-yl 

tosylate. 
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Figure 7.45: 2-[2-[(p-Chlorophenyl)oxy]-5-methylphenyl]-1-methoxy-1,2-diphenyl-

ethene. 

 

 

Figure 7.46: E-11-Hexadecenal. 

 

Figure 7.47: 5-hydroxy-2-decenoic acid lactone. 
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Figure 7.48: 13-Octadecenal. 

 

Figure 7.49: 1-cyclopentyl-4-(3cyclopentylpropyl)-dodecane. 

 

Figure 7.50: (3a)-Stigmast-5-en-3-ol. 
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Figure 7.51: 14,15-epoxy-3,11-dihydroxy-(3á, 5á,11à,15á)- Bufa-20,22-dienolide. 

 

Figure 7.52: 11a-hydrozyresibufogenin. 

 

Figure 7.53: Di-(2-propylpentyl)-ester-phthalic acid. 
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Figure 7.54: Di-(2-ethylhexyl)-phthalate. 

 

Figure 7.55: Mono-(2-ethylhexyl)-ester1,2-Benzenedicarboxylic acid. 

 

 

Figure 7.56: 12-Methyl-E,E-2,13-octadecadien-1-ol. 
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Figure 7.57: E,E,Z-1,3,12-Nonadecatriene-5,14-diol. 

 

Figure 7.58: 6-Octadecenoic acid. 

 

 

Figure 7.59: 3a,18,20-triol-20-Xi-Lanosta-7,9 (11)-diene. 



Chapter 7                                                                                                             Appendices 

 

Phytochemical characterization of Carissa opaca and pharmacological studies of Dicliptera roxburgjhiana   264 
 

 

Figure 7.60: 2-(3,4-dimethoxy-phenyl)-5,7-dihydroxy-4H-1-Benzopyran-4-one. 

 

Figure 7.61: N-(5,6,7,9-tetrahydro-1,2,3,10-tetra methoxy-9-oxobenzo[a]heptalen-7-yl)-

(S)-Acetamide. 

 

Figure 7.62: 2,3-bis [(trimethylsilyl)oxy]propyl ester, (Z,Z,Z) 9,12,15-octadecatrie noic 

acid. 
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Figure 7.63: 3-(acetyloxy)-7,12-dioxo-methylester-(3a,5a)-cholan-24-oic acid. 

 

Figure 7.64: 2-methyl-Z,Z-3,13-octadecadienol. 

 

Figure 7.65: Z-2-octadecen-1-ol acetate. 
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Figure 7.66: (3a,24R)-ergost-5-en-3-ol. 

 

 

Figure 7.67: Campesterol. 

 

Figure 7.68: 2,6,10,15,19, 23-hexamethyl-2,6,10,14,18,22-tetracosahexaene. 
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Figure 7.69: Gynolutone. 

 

Figure 7.70: Progesterone. 

 

Figure 7.71: Pregn-4-ene-3,20-dione. 
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Figure 7.72: 2-acetoxy-7-methylene-1,1,4atrime thyl-8-(2-methoxycarbonylethyl)-1, 

2,3,4,4a,5,6,7,8,8a,9-dodecahydrophenanthren-9-one. 

 

Figure 7.73: 8-cyanomethyl-2-methoxy-7-methoxycarbonyl-1,1,7-trimethyl-2,4a-ox 

ymethano-1,2,3,4,4a,4b, 5,6,7, 8,8a, 9-do decahydrophenanthren-9-one. 
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Figure 7.74: 17a-acetoxy-1',1'-dicarboethoxy1a, 2a-dihydro-17a-methyl-3'H-cyclo 

prop[1,2]-5a-androst-1-en-3-one. 

 

Figure 7.75: 3-Oxoallobetulane. 

 

 

Figure 7.76: (-)-Corlumine. 
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Figure 7.77: N-methyldeacetylcolchicine. 

 

Figure 7.78: 1-phenyl-2,3,4,5-tetrakis (trifluoromethyl) pyrrole. 

 

Figure 7.79: 8,9:14,15-dibenzo-2,4,6,16, 18,20 docosa-hexaene -10,12-diynedial.  
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APPENDIX II 

 

 

Figure 7.80: 1-[1-(3-cyclohexylpropyl)-undecyl]-decahydro-naphthalene. 

 

Figure 7.81: (1a,5a,6a,7a)-6,7-(Z,E)-dipropenyl-3-oxabicyclo[3.2.0]heptane. 

 

Figure 7.82: 2-ethyl-4,5-dimethyl-phenol. 
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Figure 7.83: 2,3,4,6-tetramethyl-phenol. 

 

Figure 7.84: 2-chloro-2,3,3-trimethyl-bicyclo [2.2.1]-heptane. 

 

Figure 7.85: 2-tert-butyl-4-isopropyl-5-methylphenol. 
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Figure 7.86: Cis-sabinenehydrate. 

 

Figure 7.87: Camphene. 

 

Figure 7.88: Tetrahydro-2-methoxy-3-[13C]-pyran. 



Chapter 7                                                                                                             Appendices 

 

Phytochemical characterization of Carissa opaca and pharmacological studies of Dicliptera roxburgjhiana   274 
 

 

Figure 7.89: 3-[(1-methylethyl)-thio]-1-propene. 

 

Figure 7.90: 1-(2-Methyl-propenyl)-indan-2-ylamine. 

 

Figure 7.91: Loliolide. 
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Figure 7.92: [2-(2',6',6'-Trimethyl-1',2'-epoxycyclohexyl-1-propen-1-yl]-acetate. 

 

Figure 7.93: 2,2,6,7-tetramethyl-7-hydroxy- bicycle-[4.3.0]-nonane. 

 

Figure 7.94: 3,7,11,15-tetramethyl-2-hexadecen-1-ol. 
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Figure 7.95: Neophytadiene. 

 

Figure 7.96: Phytol acetate. 

 

Figure 7.97: Methyl ester-hexadecanoic acid. 
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Figure 7.98: 2,3-dihydroxypropyl ester-hexadecanoic acid. 

 

Figure 7.99: 14-methyl-methylester-pentadecanoic acid. 

 

Figure 7.100: Pentadecanoic acid. 
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Figure 7.101: Hexadecanoic acid. 

 

Figure 7.102: (1-bromoethyl)-benzene. 

 

Figure 7.103: Methylenebis-silane. 
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Figure 7.104: 9,10-dichloro-methylester-octadecanoic acid. 

 

Figure 7.105: Methylester-9-octadecenoic acid (Z). 

 

Figure 7.106: 14-methyl-methylester-pentadecanoic acid. 
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Figure 7.107: Methyl 13,14-dideutero-octadecanoate. 

 

Figure 7.108: (2S)-methylbutanoic acid. 

 

Figure 7.109: Methyl ester-cis-13-octadecenoic acid. 
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Figure 7.110: 5,6-dideuterio-8-trans-methylhydrindan-2-one. 

 

Figure 7.111: (E)-1-(Methoxymethoxy)-1-tetradecen-3-ol. 

 

Figure 7.112: 1-(cyclohexylmethyl)-3-methyl-trans-cyclohexane. 
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Figure 7.113: 3b,4,5,6,7,7a-hexahydrobenzo-[b]-fluoranthene. 

 

 

Figure 7.114: 2-amino-4-(4-Bromophenyl)-7,9-dim ethyl-4hhpyrano[2’,3’:4,5]thieno 

[2,3 -b]pyridine-3-carbonitrile. 

 

Figure 7.115: Ergost-22-en-3-ol. 
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Figure 7.116: Methyl ester-eicosanoic acid. 

 

Figure 7.117: 14-methyl-, methyl ester-pentadecanoic acid. 

 

Figure 7.118: Methyl ester-tetracosanoic acid. 
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Figure 7.119: 16-Hydroxymethyleneandrost-5-en-3-ol-17-one. 

 

Figure 7.120: 2-amino-1-(2,6-diflouro-phenyl)-4-(-5 ethyl-thiophene-2-yl)-5-oxo-

1,4,5,6,7, 8-hexahydro-quinoline-3-carbonitrile. 

 

Figure 7.121: 2,2,2-trifluoroethyl ester -1,2,3,4-tetra hydro-4-(4-ethoxyphenyl)-6-

methyl-2-oxo- Pyrimidine-5-carboxylic acid. 
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Figure 7.122: 2,2'-dithiobis(N,N-dimethyl)-ethanamine. 

 

Figure 7.123: 2-hydroxy-1-(hydroxyl methyl)ethylester-hexadecanoic acid. 

 

Figure 7.124: Glycerol-1-palmitate. 
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Figure 7.125: Di-(2-propylpentyl)-ester-phthalic acid. 

 

Figure 7.126: Lupeol. 

 

Figure 7.127: (3a)-lup-20(29)-en-3-ol. 
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Figure 7.128: (3a)-lup-20(29)-en-3-ol-acetate. 

 

Figure 7.129: 2,4-Octadienoic acid,9a-(acetyloxy)-1a,1b,4,4a,5,7a,7b,8,9,9a-decahydro-

4a,7b-dihydroxy-3- (hydroxymethyl)-1,1,6,8-tetramethyl-5-oxo-1Hcyclopropa [3,4]benz 

[1,2-e]azulen-9-ylester-[1aR [1aà,1bá, 4aá,7aà,7bà, 8à,9á (2Z,4E),9aà]. 

 

Figure 7.130: 2-benzyl-3-oxo-13-hydroxy-1,4,11,12 –tetraazatricyclo-[8.3.0.0 (4,8)]-

trideca -10(11),12-diene. 
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Figure 7.131: (+-)-endo-7-oxabicyclo[2.2.1]-hept-5-ene-2-carboxylic acid. 

Figure 7.132: 1,1'-[4-(3-phenylpropyl)-3-heptene-1,7-diyl]-bis-benzene. 

Figure 7.133: 2,3-dihydroxypropyl ester-9-octadecenoic acid (Z). 
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Figure 7.134: 3-hydroxypropyl ester-oleic acid. 

 

Figure 7.135: Pseudojervine. 

 

Figure 7.136: Angeloylzygadenine. 
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Figure 7.137: Methyl-18-fluoro-octadec-9-enoate. 

 

Figure 7.138: Bis(2-ethyl hexyl)ester-1,4-benzenedicarboxylic acid. 

 

Figure 7.139: 2-ethylhexyloctyl ester-terephthalic acid. 
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Figure 7.140: (3a,24S)-Stigmast-5-en-3-ol. 

 

Figure 7.141: 1-acetyl-5-ethyl-2-[3-(2hydroxyethyl) -1H-indol-2-yl]-a-methyl-

methylester 4-Piperidineacetic acid. 

 

 

Figure 7.142: 3-methoxy-7,11,18-triacetoxy3,9-Epo xypregn-16-en-20-one. 
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Figure 7.143: Trans-farnesol. 

 

Figure 7.144: 2,2,4-trimethyl-3-(3,8,12,16-tetrame thyl-heptadeca-3,7,1 1,15-tetraenyl) –

cyclohexanol. 

 

 

Figure 7.145: 4,4-dimethyl- (13a) 3a-Methoxy-3a,19-epoxyandr ost -5-en-7,17a-diol. 
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Figure 7.146: 3,8-dichloro-6-phenylindolo[2,3-a]-carbazole. 

 

Figure 7.147: (E) and (Z)-1,2-Bis(p-chlorophenyl)-1,2-diphenylethene. 

 

Figure 7.148: 2,3-dibenzoyl-1H-phenanthro[9,10-b]-pyrrole. 
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Figure 7.149: Methyl-sulfoxyphenyl-dimethylcyclophanene. 

 

Figure 7.150: 1-(Methylphenyl)-2,7-dimethyl anthracene. 

 

Figure 7.151: Ethanone, 2-(5H-indeno-[1,2 b]pyrid ineyli de ne)-1-phenyl-oxime. 
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RESEARCH ARTICLE Open Access

In vitro antioxidant potential of dicliptera
roxburghiana
Bushra Ahmad1, Muhammad Rashid Khan1*, Naseer Ali Shah1 and Rahmat Ali Khan2

Abstract

Background: Stress caused by free radicals accumulation result into many hazardous diseases. A number of
investigations are focusing to find out the plant oriented natural antioxidant moieties. The basic aim of this
research was to investigate the antioxidant potential, total Phenolic and flavonoids contents and photochemical
screening of the crude methanol extract and its derived various fractions Dicliptera roxburghiana of Acanthaceae
family.

Methods: Crude methanol extract of aerial parts of Dicliptera roxburghiana (DRME) was partitioned in to n-hexane
(DRHF), chloroform (DRCF), ethyl acetate (DREF), n-butanol (DRBF) and the remaining soluble portion as residual
aqueous fraction (DRAF). We evaluated the antioxidant activities of the extract and various fractions through
different analytical methods such as DPPH, superoxide anion, ABTS, H2O2, hydroxyl radical and phosphomolybdate
radical inhibition. In vitro lipid peroxidation and reducing power of the plant was also analyzed. Total flavonoid and
phenolic contents of the extract and all fractions were also quantified. Plant was also subjected for preliminary
phytochemical screening to confirm the presence or absence of various constituents in the plant.

Results: Phytochemical screening confirmed the presence of flavonoids, phenolics, tannins, alkaloids, saponins,
terpenoids and coumarines. Quantitative analysis revealed the maximum amount of total phenolic and flavonoid
contents in DRME while lowest in DRHF. Methanol extract, DREF, DRCF and DRBF exhibited promising antioxidant
potential for DPPH, ABTS, H2O2, phosphomolybdate, superoxide anion and hydroxyl radical scavenging capabilities,
while these were not appreciable for DRHF and DRAF. All fractions except DRHF and DRAF possess strong reducing
power ability and showed appreciable lipid peroxidation inhibition.

Conclusion: These research investigations revealed that Dicliptera roxburghiana is a potent source of natural
antioxidants. Hence the plant can be used for management of different stress and anxiety related ailments.

Keywords: Dicliptera roxburghiana, Lipid peroxidation, Total flavonoids, Antioxidants

Background
Biochemical and physiological course of action, taking
place nearly in all type of the living cells, result into pro-
duction of harmful free radicals and reactive oxygen spe-
cies [1]. These free radicals and reactive oxygen species
damage the bimolecular moieties such as DNA, proteins
and lipids; ultimately become leading source of different
chronic serious ailments like cancer, aging, diabetes, ath-
erosclerosis etc. [2]. To overcome this hazard nature has
provided us a defense shield in the form of dietary anti-
oxidants from plants. Medicinal plants play a crucial role

for the management of various ailments [3-8]. Plants are
richly supplied with vitamins, flavonoids, coumarins,
phenolics, terpenoids, tannins and alkaloids etc. that are
strong antioxidants [9]. Hence, medicinal plants contain
many key compounds that can be used for the manage-
ment of oxidative stress induced diseases [10,11]. The
positive outcome by intake of antioxidant moieties of
plant origin have been publicized in a number of investi-
gational and epidemiological studies [12,13].
Dicliptera roxburghiana, belongs to the family

Acanthaceae, is a perennial herb with 2–7 dm long
stems. Leaves are green and are slightly paler on lower
surface with 1–3.5 cm long petioles. Flowers are ar-
ranged in axillary cymes and all bracts are short-villous
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