
 

 

Screening of selected plant species of Pakistan for their 

pharmacological activities 

 

 

 

 

 

 

 

 

by  

 

Maryam Jamil 

 

 

Department Of Biochemistry 

Faculty of Biological Sciences 

Quaid-i-Azam University 

Islamabad 

2010 

 

 



 

Screening of selected plant species of Pakistan for their 

pharmacological activities 

 

Thesis submitted to  

The Department of Biochemistry 

Quaid I Azam University Islamabad 

In the partial fulfillment of the requirements for the degree of doctorate of 

Philosophy 

in 

Biochemistry/Molecular Biology 

Submitted 

by  

Maryam Jamil 

 

 

 

 

 

 

Department of Biochemistry, 

Faculty of Biological Sciences  

Quaid-i-Azam University Islamabad  

2010 

 





 



 
 
 
 
 
 
 
 
 
 

Dedicated to my family 



List of Contents 

Titles Page 

Acknowledgements i 

List of abbreviations iii 

List of figures v 

List of tables vii 

Abstract ix 

Chapter 1 Introduction 1 

1.1 Chrozophora hierosolymitana Spreng 2 

1.2 Chrysanthemum leucanthemum 4 

1.3 Ephedra gerardiana Wall. ex Stapf 7 

1.4 Quercus dilatata 9 

1.5 Bioassay guided fractionation: 12 

1.6 Bioassays 14 

      1.6.1 Antimicrobial assay 14 

      1.6.2 Toxicity testing against brine shrimp 19 

      1.6.3 Potato disc antitumor assay 20 

      1.6.4 Phytotoxicity assay 23 

      1.6.5 Antioxidant assays 25 

1.7 Phytochemicals: 31 

      1.7.1 Primary metabolites  31 

      1.7.2 Secondary metabolites 31 

1.8 Separation and purification techniques: 37 

Chapter 2 Biological assays of crude plant extracts 46 

Materials and methods 47 

2.1 Plant material 47 

2.2 Extraction 47 

2.3 Antibacterial assay 48 

2.4 Antifungal assay  51 

2.5 Toxicity testing against brine shrimp 52 

2.6 Antitumor assay  54 



2.7 Radish seed bioassay  57 

2.8. DPPH radical scavenging assay 58 

2.9 Free radical induced oxidative DNA damage analysis 60 

2.10 Phytochemical analysis 62 

Results 64 

2.11 Antibacterial activity of crude plant extracts 64 

2.12 Antifungal assay 70 

2.13 Toxicity testing against brine shrimp  74 

2.14 Antitumor assay  75 

2.15 Radish seed bioassay  78 

2.16 DPPH free radical scavenging assay 85 

2.17 Free radical induced oxidative DNA damage analysis 88 

2.18 Phytochemical analysis 90 

Chapter 3 Fractionation by solvent partitioning 92 

Materials and methods 92 

3.1 Preparation of fractions 92 

3.2 Antibacterial assay  92 

3.3 DPPH radical scavenging assay 93 

3.4 Free radical induced oxidative DNA damage analysis 93 

3.5 Phytochemical Analysis 93 

Results 95 

3.6 Antibacterial activity of partitioned fractions 95 

3.7 DPPH free radical scavenging assay 98 

3.8 Free radical induced oxidative DNA damage analysis 100 

3.9 Phytochemical analysis 102 

Chapter 4 HPLC analysis of ethanol fraction 104 

Materials and methods 104 

4.1 HPLC analysis of ethanol fraction 104 

      4.1.1 Anaytical HPLC 104 



       4.1.2 Preparative HPLC 105 

4.2 Antibacterial assay  106 

4.3 DPPH radical scavenging assay 106 

4.4 Free radical induced oxidative DNA damage analysis 107 

4.5 Characterization of the purified active component 107 

Results 108 

4.6 HPLC Fractionation 108 

4.7 Antibacterial activity of the fractions 109 

4.8 DPPH free radical scavenging assay 110 

4.9 Free radical induced oxidative DNA damage analysis 113 

4.10 HPLC analysis of active fractions  114 

        4.10.1 AM2 Fraction 115 

        4.10.2 AM3 Fraction 115 

4.11 Antibacterial activity  116 

4.12 DPPH Free Radical Scavenging Assay 118 

4.13 Characterization of purified active component 120 

Chapter 5 Discussion 122 

References 134 

Appendix 161 

  

  

 

 



 i

ACKNOWLEDGEMENTS 

In the name of Allah, the most Beneficent, the most Merciful. All praises are for 

“Almighty Allah”. The most Benevolent, the only to be Praised, whose blessing and 

exaltations flourished my thoughts and enabled me to improve my knowledge up to this 

stage. I thank Allah that in spite of all problems, which I encountered during Ph D, 

enabled me to complete this dissertation. I offer my humble and sincerest words of thanks 

to His Holy Prophet Hazrat Muhammad (Peace Be Upon Him) who is forever a torch of 

knowledge and guidance for the humanity. 

I would like to take this opportunity to pay my debt of gratitude to all those who 

helped me in one form or another to make it possible to bring this study to a successful 

completion. I am thankful to Higher Education Commission of Pakistan for financing my 

research work. 

I wish to express my deepest regards to Professor Dr. Mir Ajab Khan, Dean, 

Faculty of Biological Sciences, Quaid-i-Azam University, Islamabad, for providing me 

the research facilities. 

I am deeply grateful to Professor Dr. Salman A. Malik, Chairman, Department of 

Biochemistry Quaid-i-Azam University, Islamabad, for providing access to facilities that 

ensured successful completion of this work. 

It is a matter of immense pleasure to me to express my sincerest feelings of 

gratitude to Professor Dr. Wasim Ahmad, Ex Chairman, Department of Biochemistry 

Quaid-i-Azam University, Islamabad, for the encouragement and the assistance in the 

shape of providing access to facilities available in the department for completion of my 

work. 

I take this opportunity to pay my reverent and profound gratitude to my 

honourable supervisor, Dr. Bushra Mirza, Associate Professor Quaid-i-Azam University, 

Islamabad for her dynamic supervision, able guidance, illustrious advice and 

encouragement during my study and research work present in this dissertation. I am 



 ii

particularly inspired by her affection and co-operative approach towards her students. 

Truly saying, I have no suitable words to express my wish.  

I am thankful to Mr. Ihsan ul Haq for his help and guidance in my research work. 

Very special thanks to my friends Naila Safdar, Dr. Abida Yamin and Dr. Samia 

Inayatullah for their love, care, understanding and encouraging behavior. Without them it 

was not possible for me to enjoy my stay in the university. 

I express my thanks to my lab fellows Rehana, Bushra, Farah, Samreen, Erum and 

Nabila for their caring and loving behavior. 

How can I ignore my appreciation and deep sense of gratitude from the citadel of 

my heart to my sweet and affectionate parents who remembered me in their prayers and 

let me spare to complete my studies for a long time. I owe to thank my loving brother 

Shoaib who helped me a lot in my computer work, without him it was not possible to 

complete my thesis. I am thankful to my sisters Shazia, Fozia and Sana who shared my 

responsibilities and did not burden me during my Ph D. 

Before biding farewell, I would also pay my thanks to all those researchers who 

sent me valuable research papers and articles to carry out my research work. I would also 

like to thank Mr. Mohammed Javed who helped me taking photographs and in editing 

them for my research results, to give the real picture of my research.  

                                                                                                                    Maryam Jamil 

 



 v

LIST OF FIGURES 

Figure Title Page

1.1 Chrozophora hierosolymitana 2 

1.2 Chrysanthemum leucanthemum                                                                 5 

1.3 Ephedra gerardiana                                                                                  7 

1.4 Quercus dilatata                                                                                         10 

1.5 Artemia nauplii brine shrimp                                                                    20 

1.6 Ti Plasmid                                                                                                  22 

1.7 Oxidative stress causing damage to body cells                                          26 

1.8 Reduction of 1,1-Diphenyl-2-picrylhydrazyl into 1,1-

Diphenylhydrazin 

28 

1.9 Restriction map of pBR322 (Fermentas) plasmid                                      30 

1.10 Analytical HPLC with isocratic mode                                                       42 

1.11 Preparative HPLC with isocratic mode                                                      42 

1.12 Analytical HPLC with gradient mode                                                       43 

2.1 Antibacterial activity of (A) Q. diltata against Staphylococcus aureus     64 

2.2 Antifungal activity of seven plant extracts against Alternaria sp.             71 

2.3 Effect of (A) Q. dilatata at different concentrations, on inhibition of 

tumor formation, along with control for comparison. 

76 

2.4 Average number of tumors at different concentrations of extracts            76 

2.5 Radish seed phytotoxicity in terms of root length of (A) Q. dilatata        79 

2.6  Effect of different concentrations (10,000 ppm, 1000 ppm, 100ppm 

and 10ppm) on root length 

80 

2.7 Effect of the plant extracts on seed germination as a function of 

incubation period of seeds at a. 7500 ppm b. 1000 ppm  

83 

2.8 Effect of (A) Q. dilatata at concentrations 25 ppm, 50 ppm and 100 

ppm on DPPH free radical scavenging along with control for 

comparison. 

86 

2.9 %age DPPH free radical scavenging activity of plant extracts at 

different concentrations (100 ppm, 50 ppm, and 25ppm) 

86 



 vi

2.10 Effect of the crude plant extracts on pBR322 Plasmid DNA                     89 

3.1 Scheme of fractions preparation                                                                94 

3.2 Antibacterial activity of partitioned fractions against S. aureus                95 

3.3 Effect of the ethanol fraction at concentrations 25 ppm, 50 ppm and 

100 ppm on DPPH free radical scavenging  

98 

3.4 %age DPPH free radical scavenging activity of partitioned fractions at 

different concentrations (100 ppm, 50 ppm, and 25 ppm)  

99 

3.5 Effect of the partition fractions on pBR322 Plasmid DNA                       101 

4.1 Chromatogram obtained for ethanol partitioned fraction to get seven 

fractions by using preparative HPLC.  

109 

4.2 Antibacterial activity of fractions against Salmonella setubal.  109 

4.3 Effect of AM2 fraction at concentrations 1 ppm, 5 ppm and 10 ppm on 

DPPH free radical scavenging.  

111 

4.4 %age DPPH free radical scavenging activity of partition fractions at 

different concentrations (10 ppm, 5 ppm, and 1ppm)  

111 

4.5 Effect of the fractions on pBR322 Plasmid DNA 114 

4.6 Chromatogram obtained for AM2 fraction to get four subfractions by 

using preparative HPLC. 

115 

4.7 Chromatogram obtained for AM3 fraction to get three subfractions by 

using preparative HPLC. 

116 

4.8 Antibacterial activity of subfractionsAM3b and AM3c against 

Salmonella setubal. 

117 

4.9 Effect of AM2b at concentrations 10 ppm on DPPH free radical 

scavenging. 

119 

4.10 Absorption spectra of AM2b, AM3b and AM3c 120 

4.11 Comparison of absorption spectrum of AM2b with that of standard 

compounds  

120 

4.12 Comparison of absorption spectrum of AM3b with that of standard 

compounds 

121 

4.13 Comparison of absorption spectrum of AM3c with that of standard 

compounds 

121 



 vii

LIST OF TABLES 

Table Title Page

2.1 List of plant species with respective plant extracts used for this study 48 

2.2 Dilution prepared for antibacterial assay 49 

2.3 Dilutions prepared for brine shrimp toxicity assay 53 

2.4 Dilutions prepared for antitumor  assay 55 

2.5 Dilutions prepared for radish seed bioassay 57 

2.6 Concentrations prepared for DPPH radical scavenging assay 59 

2.7 Concentrations preparation for OH induced DNA damage analysis 60 

2.8 Final concentrations prepared for OH induced DNA damage analysis 61 

2.9 Control reaction mixture preparation (15 µl) 61 

2.10 Activity of (A) Q. dilatata against six bacterial strains. 66 

2.11 Activity of (R) C. hierosolymitana against six bacterial strains 67 

2.12 Analysis of variance for factors affecting zone of inhibition 69 

2.13 MIC of (A) Q. dilatata against six bacterial strains 70 

2.14 Antifungal activity of crude plant extracts against seven fungal strains 72 

2.15 Analysis of variance for factors affecting fungal growth   74 

2.16 Illustration of percentage mortality of brine shrimps at different 

concentrations of extracts and respective ED50 value. 

75 

2.17 Percentage inhibition of tumor formation at different concentrations 77 

2.18 Analysis of variance of tumor inhibition of compounds  78 

2.19 Percentage root growth inhibition or stimulation on 5th day 80 

2.20 Analysis of variance for factors affecting radish seedling root length 81 

2.21 Analysis of variance for factors affecting radish seed germination   85 

2.22 IC50 value of plant extracts  87 

2.23 Analysis of variance DPPH scavenging of crude plant extracts. 88 

2.24 Phytochemical analysis of crude plant extracts. 91 

3.1 Activity of (A) partition fractions against six bacterial strains. 96 

3.2 Analysis of variance for factors affecting zone of inhibition 97 

3.3 Analysis of variance DPPH scavenging of partitioned fractions. 100 



 viii

3.4 Phytochemical analysis of partitioned fractions. 103 

4.1 Seven fractions obtained at different retention time. 108 

4.2 Antibacterial activity of fractions against six bacterial strains. 110 

4.3 IC50 value of fractions 112 

4.4 Analysis of variance DPPH scavenging of fractions. 113 

4.5 Four subfractions obtained at different retention time. 115 

4.6 Three subfractions obtained at different retention time. 116 

4.7 Antibacterial activity of subfractions against six bacterial strains. 117 

4.8 MIC of active subfraction against six bacterial strains 118 

4.9 %age DPPH free radical scavenging activity of subfractions at 10 ppm. 119 

 



 iii

 
LIST OF ABBREVIATONS 

 

A Extract of aerial parts 

ANOVA Analysis of variance 

ATCC American type culture collection 

BaCl2 Barium Chloride 

°C Degree Centigrade 

CFU Colony Forming Unit 

cm Centimeter 

DMSO Dimethyl sulfoxide 

DNA  Deoxyribonucleic acid 

DPPH 2,2-diphenyl1-picrylhydrazil 

ED Effective dose 

FeSO4 Ferrous Sulphate 

g Gram 

g/L Gram per litre 

g/mL Gram per mililitre 

H2O2 Hydrogen Peroxide 

HPLC High performance liquid chromatography 

I Iodine 

IC50 Concentration showing 50% inhibition 

KI Potassium Iodide 

L Extracts of leaves 

M Molar 

mg/mL Milligram per mililitre 

MIC Minimum inhibition concentration 

mm Millimeter 

mM Milimolar 

nm Nanometer 

OC Open circular 



 iv

pBR322 Plasmid BR322 

ppm Parts per million 

R Extract of roots 

S Extract of stem 

S.E Standard Error 

SC Supercoiled 

SDA Sabouraud dextrose agar 

SDS Sodium Dodecyl Sulphate 

TBE Tris Boric Acid EDTA 

UV Ultra Violet 

µg/mL Microgram per mililitre 

 



 ix

Abstract 

In this study four plants (Chrozophora hierosolymitana Spreng, Chrysanthemum 

leucanthemum L., Ephedra gerardiana Wall. ex Stapf and Quercus dilatata L.) collected 

from different regions of Pakistan were screened to identify any chemotherapeutic agents 

present in them. Seven crude extracts of these plants (leaf, stem and root extracts of C. 

hierosolymitana, aerial parts of C. leucanthemum, stem and root extracts of E. gerardiana 

and aerial parts of Q. dilatata) were examined for antimicrobial activity using agar 

diffusion method and agar tube dilution method, cytotoxicity using brine shrimp assay, 

antitumor activity using potato disc assay, phytotoxic activity using radish seed bioassay 

and antioxidant activity by using DPPH radical scavenging assay and free radical induced 

oxidative DNA damage assay. 

Two plant extracts of C. hierosolymitana and Q. dilatata showed antibacterial 

activity. Two plant extracts of E gerardiana and C. leucanthemum showed antifungal 

activity. Two plant extracts i.e., leaf extract of C. hierosolymitna and root extract of E. 

gerardiana showed significant brine shrimp cytotoxicity activity (IC50 171.55 to 523.8 

ppm). Six of the seven extracts exhibited tumor inhibition at all the three concentrations 

tested ranging from 10 to 80%. All extracts showed significant plant growth and seed 

germination inhibition at higher concentrations against radish seeds. Two extracts of C. 

hierosolymitana and Q. dilatata showed growth stimulating effects at lower 

concentrations. Two extracts of C hierosolymitana and Q. dilatata showed significant 

DPPH radical scavenging activity (IC50 10.52 to 45.9 ppm). Three of the seven extracts 

i.e., (R) E. gerardiana, (A) Q. dilatata and (A) C. leucanthemum showed DNA protection 

activity at 100 and 10 ppm while at 1000 ppm showed no DNA protection activity while 

rest of the four extracts showed DNA protection activity at all the three concentrations 

tested. Phytochemical tests showed presence of alkaloids, saponins, anthraquinones, 

terpenoids, flavonoids, flavones, tannins, phlobatannins and cardiac glycosides at varying 

levels in these extracts.  

The crude extract of the most active antibacterial plant extract (A) Q. dilatata was 

subjected to bio-guided fractionation. Six partitioned fractions of aerial parts of Q. 



 x

dilatata were tested for antibacterial and antioxidant activities. Phytochemical analysis of 

these partitioned fractions was also done. Ethanol fraction was selected on the basis of 

results of bioassays and phytochemical analysis. This fraction was analyzed by RP- 

HPLC and seven fractions were collected. Out of the seven fractions, AM2 showed 

antioxidant activity while AM3 showed antibacterial as well antioxidant activity. These 

two active fractions were again analyzed by RP- HPLC. The subfractions AM3b and 

AM3c showed antibacterial activity while AM2b showed antioxidant activity. Purified 

active subfractions were charaterized by comparing their absorption spectra with that of 

standard natural products isolated from the plants of same genus. The absorption spectra 

of the active fractions were different from that of the standard compounds previously 

isolated from the Quercus genus suggesting that these are newly isolated compounds 

from this genus.   
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Nature has been the source of medicinal agents for thousands of years and an 

impressive number of modern drugs have been isolated from natural sources, many 

based on their use in traditional medicines. The traditional medicinal methods, 

specially the use of medicinal plants, still play a vital role to cover the basic health 

needs in developing countries. Moreover, the use of herbal remedies has risen in the 

developed countries in the last few decades. In this connection, plants continue to be a 

rich source of therapeutic agents. The active constituents of many drugs are found in 

plants or are produced as secondary metabolites. Secondary metabolites are 

biosynthesized in plants for different purposes including growth regulation, inter and 

intra-specific interactions and defense against predators and infections. Many of these 

natural products have been shown to present interesting biological and 

pharmacological activities and are used as chemotherapeutic agents or serve as the 

starting point in the development of modern medicines (Verpoorte, 1998 and 2000). 

The remarkable contribution of plants to the drug industry has been possible, because 

of the large number of phytochemical and biological studies all over the world. In 

fact, plants produce a diverse range of bioactive molecules, making them a rich source 

of different types of medicines. Higher plants, as sources of medicinal compounds, 

have continued to play a dominant role in the maintenance of human health since 

ancient times (Farombi, 2003). Over 50% of all modern clinical drugs are of natural 

product origin (Stuffness and Douros, 1982).  

Pakistan has a strong tradition of herbal remedies and its rural population still 

depends mainly on indigenous system of medicine for their health related matters 

(Khattak et al., 1985). Pakistan is bestowed with a unique biodiversity, comprising of 

different climatic zones and a wide range of plant species. Pakistan has four 

phytogeographical regions, consisting of Irano-Turanian (46%), Sino-Himalayan 

(10%), Saharo-Sindian (9.5%), and Indian element (4.5%). The country has about 

6,000 species of wild plants of which about 400 to 600 are considered to be 

medicinally important (Hamayun et al., 2003).  

For the present study four plants were selected. The selection of these plants 

was based on the observation that these are being used by local healers intensively for 

treatment of various ailments. The details of these plants are as follows. 
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1.1 Chrozophora hierosolymitana Spreng 

Chrozophora hierosolymitana (Fig 1.1) is commonly known as Dyer's croton. 

Synonyms are Chrozophora tinctoria (L.) Raf, Chrozophora verbascifolia Baill 

(Nasir and Ali, 1972). Chrozophora is genus of the family Euphorbiaceae. The 

Euphorbiaceae (spurge family) is among the larger families of flowering plants with c. 

300 genera and 8000 species (Webster, 1994). Chrozophora is sole genus comprised 

in the subtribe Chrozophorinae. It comprises 11 or 12 species, which are monoecious 

herbs or undershrubs. They are found from Africa and the Mediterranean to Southeast 

Asia.  

 

 

 

 

 

 

 

 

                             Fig 1.1 Chrozophora hierosolymitana 

1.1.1 Distribution:  

Eleven species are from Africa and the Mediterranean. In Malaysia single 

species is found, probably accidentally introduced into Central Java (Welzen, 1999). 

This species is native to a number of countries in Africa, (Algeria, Egypt, Libya, 

Morocco, Tunisia and Yemen) temperate and tropical Asia (Kuwait, Saudi Arabia, 

Afghanistan, Iran, Iraq, Israel, Jordan, Lebanon, Syria, Turkey, Kazakhstan, 
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Turkmenistan, India and Pakistan), and Europe (Ukraine, Albania, Bulgaria, Greece, 

Italy, Malta, France, former Yugoslavia, Portugal and Spain) (Delazar et al., 2006).  

C. hierosolymitana is found in Pakistan in Thal, Las Bela, Ormara, Sitana, 

South Wazirastan, Between Saidu sharif and Madian, Between Madian and Kalam 

(Nasir and Ali, 1972). 

1.1.2 Morphology.  

The plant is mainly found as a shrub or herb formation; non-laticiferous and 

without coloured juice. Plants succulent, or non-succulent. Herbs annual. Mesophytic, 

or xerophytic. Leaves small to medium-sized; alternate; spiral, or distichous; 

herbaceous, or leathery, or fleshy; petiolate; non-sheathing; gland-dotted, or not 

gland-dotted; simple. Leaf blades entire, or dissected (lobed); pinnately veined, or 

palmately veined. Leaves stipulate. Stipules filiform; caducous, or persistent. Leaves 

without a persistent basal meristem. Urticating hairs present, or absent. Nodes tri-

lacunar, or unilacunar. Secondary thickening developing from a conventional cambial 

ring, or anomalous; from a single cambial ring. Fertile flowers functionally male, or 

functionally female. Unisexual flowers present. Plants monoecious. Male flowers 

without pistillodes. Entomophilous (Macfarlane et al., 2002). 

1.1.3 Phytochemical studies 

  Usman et al., (2007) reported the presence of carbohydrates, tannins, 

saponins, sterols in Chrozophora. Alkaloids, coumarins, chromones (Mohamed, 2001) 

xanthones (Agrawal and Singh, 1988), diterpenoids (Mohamed et al., 1994 and 1995) 

phenylpropanoid glycosides (Mohamed, 2001) and chrozophorin (Delazar et al., 2006) 

have previously been reported from few species of the genus Chrozophora. 

Chrozophora tinctoria is well known for producing dye substances (Başlar and Mert, 

1999) and flavonoids (Hashim et al., 1990). Phytochemical studies on C. 

hierosolymitana have not been previously done.  

1.1.4 Medicinal values 

Harraz and Abdel-Aziz (1994) reported the central analgesic effect of 

Chrozophora sp. Chrozophora species are used in traditional medicine for the 
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treatment of diverse ailments (Adam et al., 1999). Antifungal (Shahidi et al., 2004) 

and antiyeast (Shahidi, 2004) activities have been reported from the genus 

Chrozophora. The plant has been reported to serve as a remedy for intestinal pain, for 

conjunctivitis as well as cicatrizant (Tignokpa et al., 1986; Etkin, 1997). In Northern 

Nigeria, the plant is an astringent for diarrhea taken boiled with cereal foods and also 

to treat boils. It is chiefly used as a remedy for syphilis (Dalziel, 1955). C. tinctoria is 

used to treat warts, this plant has been used as an emetic, cathartic, and for the 

treatment of fever (Phytochemical and Ethnobotanical Databases, 2008). Medicinal 

value of C. hierosolymiatana has not been reported yet. 

1.1.7 Toxicity 

Chrozophora caused toxicity to wistar rats (Adam et al., 1999). Galal and 

Adam (1988) reported pathological effects of Chrozophora on goats and sheep. The 

main signs of Chrozophora poisoning in both species of ruminants were salivation, 

dyspnea, bloat, inappetence, dullness, diarrhea, paresis of the hind limbs, recumbency 

and lateral deviation of the head and neck. The main lesions were hemorrhage in the 

lungs, heart and kidneys, pulmonary cyanosis and edema, hepatic fatty change and 

depletion of glycogen, catarrhal enteritis, ascites, hydropericardium and serous 

atrophy of the cardiac fat and renal pelvis. An increase in the concentration of urea, 

ammonia and bilirubin and in the activity of GOT (glutamate oxaloacetate transa 

minase) and a decrease in total protein were detected in the serum. Hematological 

changes indicated the development of anemia. C. tinctoria is the poisonous plant 

found in cholistan (Khan http://www.weru.ksu.edu/symposium/proceedings/khan.pdf). 

Toxicity of C. hierosolymiatana has not been reported yet. 

1.1.8 Other Uses 

Red and blue dyes are obtained from the flowers, fruit and sap (Usher, 1974). 

1.2 Chrysanthemum leucanthemum L 

 Chrysanthemum leucanthemum (Fig 1.2) is commonly known as ox eye daisy. 

Synonym is Leucanthemum vulgare - Lam. Chrysanthemum is a genus of about 30 

species of perennial flowering plants in the family Asteraceae, native to Asia and 
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northeastern Europe. These are herbaceous perennial plants. The family Asteraceae or 

Compositae (known as the aster, daisy, or sunflower family) is the largest family of 

flowering plants, in terms of number of species. 

1.2.1 Distribution: 

These hardy plants are natives of China, Japan, northern Africa, and southern 

Europe. In Pakistan C. leucanthemum is common in gardens and found in hill station 

like Murree, Nathia gali, Dunga gali and Swat (Nasir and Ali, 1972). 

1.2.2 Morphology: 

Chrysanthemums are perennial or rarely annual herbs, with reddish tipped 

roots. Leaves alternate, entire, serrate, pinnatifid. Capitula radiate or discoid, 

pedunculate, solitary or 2-6 in lax corymbs, terminal. Involucre saucer-shaped, 3-4-

seriate, phyllaries herbaceous, outer narrowly and inner broadly membranous-

margined. Receptacle convex, distinctly alveolate, without paleae. Ray florets, when 

present, mostly uniseriate, female, fertile, with white, pink or occasionally yellow 

ligules. Disc florets and marginal florets, when ray florets absent, bisexual, with 5-

lobed, basally spongy and swollen in fruit, yellow, corolla tube.     

 

 

 

 

 

 

 

 

                            Fig 1.2 Chrysanthemum leucanthemum 
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1.2.3 Phytochemical studies: 

Search for the concerned active compounds has led to the isolation of several 

pyrethroids, sesquiterpenoids, flavonoids, coumarins, triterpenoids, steroids, phenolics, 

purines, lipids, aliphatic compounds and monoterpenoids from different plant parts of 

Chrysanthemum. Compounds isolated from Chrysanthemum plants are Pyrethroids 

(Essig and Zhao, 2001), Sesquiterpene lactones (Haruna et al., 1981), (+)-Sesamin 

(Yoshikawa et al., 2000), Sterols, Flavonoids (Wilkomirski and Dubielecka, 1996), 

Flavone, Flavanone (Hu et al., 1994) and Quinic acid (Chuda et al., 1996). 

1.2.4 Medicinal values 

The medicinal values of Chrysanthemum are different depending on the 

varieties. The white or yellow Chrysanthemum has been used for cold, headaches and 

inflamed eyes. The wild variety has been made into a decoction to treat retained 

menses, as a wash for infected and cancerous sores and as a fomentation for enlarged 

glands. Antivinous (alcohol detoxifying) properties were also ascribed to this plant 

(Smith and Stuart, 1973). Today wild Chrysanthemum is used as an antipyretic and 

anti-inflammatory herb and is prescribed to clear away heat, detoxicate, subdue 

swelling, dissolve lumps and treat respiratory infections (Dong et al., 1998). Hou and 

Jin (2005) reported the use of wild Chrysanthemum for dizziness, headaches, 

hypertension, fullness in the head and blood shot, swollen, and painful eyes due to 

hyperactivity of liver (Liver-fire). 

1.2.6 Toxicity 

  Chrysanthemum showed allelopathic effects on germination and growth of 

several herbaceous plants (Kil and Youb, 1987). Furthermore, it had antifeeding, 

phagostimulating and toxic activity (Haouas et al., 2008). According to one report 

Chrysanthemums are particularly noted for their allergenic effects (Bowles, 2003).   

 1.2.7 Other uses: 

Chrysanthemum plants have been shown to reduce indoor air pollution 

(Wolverton et al., 1983). 
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1.3 Ephedra gerardiana Wall. ex Stapf 

 Ephedra gerardiana (Fig 1.3) is commonly known as Ma Huang. Local Name 

is Soon and Someni. Synonyms are E. vulgaris Rich. and E. wallichii stapf. Ephedra 

is a genus of non flowering seed plants belonging to the family Ephedraceae (Jointfir ). 

It comprises only one genus, Ephedra, with 35-45 species which are mostly dioecious 

shrubs, climbers or small tree (Green et al., 1990). In Pakistan 9 species are found 

(Nasir and Ali, 1972). 

 

 

 

 

 

 

 

 

                                 Fig 1.3 Ephedra gerardiana 

1.3.1 Distribution 

The Ephedra sp. are xerophytes and in part also cold resistant. Most of the 

Ephedra species worldwide (Stevenson, 1993; Price, 1996) are shrubs adapted to 

semiarid and desert conditions (Pearson, 1929). The Eurasian distribution forms a 

broad belt from Canary Island and the Mediterranean through the arid subtropical 

regions of the inner Asia with outliers on the Arabian Gulf. In the New World, 

Ephedra is found in two areas; in the western USA and northern Mexico, and in South 

America; Ecuador to Patagonia and lowland Argentina (Green et al., 1990). 
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E. gerardiana is found in Pakistan in Urak, South Waziristan, Razmak, Chitral, 

Tirch Mir, Swat, Kalam, Gilgit, Baltistan, above Skardu, Shaksgan, Tog, Ladak, 

Zanskar, Char and Kashmir (Nasir and Ali, 1972). 

1.3.2 Morphology 

All species of Ephedra have rush like, equisetoid shoots, most are shrubs, 

some hanging or scandent. Many spread by means of rhizomes which grow from 

underground buds. In most species the leaves are opposite and decussate but in some 

they are in whorls of 3 or 4. Branching is basitonic, and the condensed whorls of 

lateral branches that result therefore lead to the shrubby habit of the plants. The leaves 

are minute scale and are often shed (Green et al., 1990).  

1.3.3 Phytochemical studies 

Ephedrine, the active alkaloid in Ephedra sinica, was first isolated, and 

characterized by a Japanese chemist, N.M. Nagai in 1887. The leaves and stems of 

Ephedra sinica contain many potentially active compounds such as tannins, saponin, 

falvone, and volatile oils, but it is the protoalkaloids (ephedrine, pseudoephedrine, 

norpseudoephedrine) which have been isolated (Chevallier, 1996). Miyazawa (1998) 

reported that the oil of E. sinica contained 146 volatile components of which 38.9% 

were terpenoids. The main constituents were -terpineol (13.0%), 

tetramethylpyrazine (3.9%), terpinen-4-ol (3.9%), linalol (3.2%), 2,3-dihydro-2-

methylbenzofuran (3.1%) and cis-p-menth-2-en-7-ol (3.1%). 

1.3.5 Medicinal values 

Plants of the Ephedra genus have traditionally been used by indigenous people 

for a variety of medicinal purposes, including treatment of asthma, hay fever, and the 

common cold (Abourashed et al., 2003). The shrub E. breana is used in decoction as 

diuretic, cholagogue, antiinflammatory and vulnerary. Other species of the same 

genus have been used to cure urinary infections (Ratera and Ratera, 1980). It is often 

taken to relieve chills, fevers, coughs and wheezing, and also is taken in powder form 

in combination with Rehmannia (Rhemannia glutinosa) to treat kidney yin deficiency 

(Chevallier, 1996). Ephedra is currently used as herbal medicine in Western countries 
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in a decoction, for asthma, hay fever, acute onset of colds/flu, to raise blood pressure, 

and possibly to initiate menstruation. It increases sweating, dilates bronchioles 

(antiasthmatic use), diuretic, central nervous system stimulant. Also it is used in 

tincture form to alleviate rheumatism and for aches and pains (Chevallier, 1996). 

Almost all commercial applications of Ephedra extracts derive from the ephedrine 

alkaloids found in the stems in many Eurasian species. The best-documented drug 

made from Ephedra is Ma-huang, used in Chinese medicine for 5000 yr as a 

treatment for fever, nasal congestion and asthma (Zhu, 1998). Ma-huang is also an 

effective respiratory sedative and cough remedy. Ma-huang was traditionally obtained 

from the dried stems of species found in the drier regions of China, North West India, 

and Pakistan (Qazilbach, 1971; White et al., 1997; Zhu, 1998). Ephedroxane, an anti-

inflammatory drug is related in structure to ephedrine (Konno et al., 1979).  

1.3.6 Toxicity 

Adverse central nervous system effects associated with ephedrine toxicity 

include anxiety, insomnia, restlessness, psychosis and seizures. These effects are 

especially common when multiple stimulants are involved. Additional signs of 

ephedrine toxicity include nausea, vomiting, headache, flushing, paresthesias, 

difficulty in micturation and precordial pain (Morton, 1977). It has also been 

suggested that sympathomimetic drugs may precipitate thyroid storm in individuals 

with thyrotoxicosis (Wilson, 1993).  

1.3.7 Other uses 

It is used locally for fuel (Gamble, 1972). This herb is a good ground cover 

plant for dry soils (Brickell, 1990). 

1.4 Quercus dilatata L 

Quercus dilatata (Fig 1.4) is commonly known as holly oak. Local name is 

Barungi. Synonym is Q. leucorticophora. Quercus is a plant genus of the family 

Fagaceae. The Fagaceae (beech family) is the small family of monoecious trees and 

shrubs comprising 6-8 genera and about 800 species (Shah et al., 2005). It comprises 

400-450 species, which are monoecious, evergreen or deciduous trees, rarely shrubs 
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1.4.1 Distribution 

Over 400 species of Quercus are distributed in America, temperate Europe, 

Asia, and sub-tropical Africa. In Pakitan this evergreen tree is found in the Himalayas 

mountains specifically in Dir, Chitral, Swat, Hazara, Tirah, Kurram Agency, Murree 

Hills, and Azad Kashmir (Nasir and Ali, 1972).  

1.4.2 Morphology 

Tree up to 20 m tall. Leaves elliptic-ovate to broadly lanceolate, coriaceous, 4-

12 x l.6-5.5 cm, entire to spiny toothed, acute or obtuse; nerves 9-12 pairs, forked at 

the extremities, both surfaces green, glabrous, glaucous, base often oblique; petiole 

0.3-l cm long, glabrous. Male flowers in lax catkins, up to 5 cm long; bract lanceolate, 

c. l.5 mm long, shorter than the perianth, tomentose; stamens 4-8, sub-sessile; anthers 

glabrous. Styles 3-5. Cupule 2-2.4 cm broad, covering half the nut, pubescent. Nut 

ovoid, brownish, glabrescent, tipped with an umbo.  

 

 

 

 

 

 

 

                                  Fig 1.4 Quercus dilatata 
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1.4.4 Phytochemical studies 

The chemical composition of heartwood from the Spanish oaks includes a 

wide range of volatile compound families i.e., volatile phenols, phenolic aldehydes, 

furanic compounds, lactones, phenyl ketones (Cadahia et al., 2007). Yuan and Sun 

(1998) isolated four compounds from Quercus sp and identified as friedelin, glutinol, 

lupeo and beta-sitosterol. Fourteen glycosides and acylated triterpene saponin have 

been isolated from leaves of another species of Quercus (Romussi et al., 2006). 

Quercus species consist of phenolic compounds (Ohemeng et al., 1993) such 

flavonoids and tannins (Zhentian et al., 1999; Meng et al., 2001; Hideyuki et al., 

2002). Five yellow compounds isolated from Quercus dentata are Kaempferol 3-O-β-

D-glucopyranoside, quercetin 3-O-β-D-glucopyranoside, Kaempferol 3-O-(6-trans-p-

coumaroyl)-β-D-glucopyranoside, Kaempferol 3-O-(2-6-di-trans-p-coumaroyl)-β-D-

glucopyranoside and Kaempferol 3-O-(2-4-di-acetyl-3-cis-p-coumaroyl-6-trans-p-

coumaroyl)-β-D-glucopyranoside (Meng et al., 2001). The constituents of galls 

comprise a large amount of tannins, gallic acid, syringic acid, ellagic acid, sitosterol, 

amentoflavone, hexamethyl ether, isocryptomerin, methyl betulate, methyl oleanate 

and hexagalloyl glucose (Hwang et al., 2000; Dar et al., 1976; Ikram and Nowshad, 

1977). 

1.4.5 Medicinal values 

This herb is used to treat diarrhea, dysentery and bleeding and if used 

externally, the bark or leaves are boiled and then applied to bruises, swollen tissues, 

wounds that are bleeding, and varicose veins. (http://www.ayurveda-herbal-

remedy.com/herbal-encyclopedia/ayurveda-encyclopedia-o.html). It is used as an 

astringent and antidiarrhoeal (Gorunović and Lukić, 2001). The stem bark is used to 

clean foul sores. The seeds are used in the treatment of diarrhoea, menorrhagia and 

gastrointestinal hypertrophy. The cupule (seed cup) is astringent (Duke and Ayensu, 

1985). In Pakistan, this herb is used localy as astringent and diuretic, used in diarrhea, 

indigestion and asthma. It has been reported that different species of Quercus possess 

antibacterial actiivty (Güllüce et al., 2004; Andrensek et al., 2004), antioxidant 

activity (Al-Mustafa and Al-Thunibat, 2008; Chevolleau et al., 1993, McCune and 

Johns, 2002) and gastroprotective effect (Gharzouli et al., 1999). Any galls produced 

on the tree are strongly astringent and can be used in the treatment of haemorrhages, 
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chronic diarrhoea, dysentery etc (Grieve, 1984). The galls of Quercus are used for the 

treatment of wounds or burns associated with bacterial infections (Umachigi et al., 

2008). The galls of Q. infectoria have a great medicinal value and have 

pharmacologically been deciphered to be astringent, antidiabetic, antitremorine, local 

anaesthetic, antipyretic and antiparkinsonian (Hwang et al., 2000; Dar et al., 1976; 

Dar and Ikram, 1979).  

1.4.6 Toxicity 

There is no toxicity data for Quercus species in humans. Two outbreaks of oak 

poisoning in cattle in South Africa have been reported, with clinical signs that 

included severe weakness with a swaying gait, diarrhea and dehydration. Upon post 

mortem examination of three animals there was a non-suppurative interstitial nephritis 

accompanied by edema and ulceration of the cecum and colon (Neser et al., 1982). 

1.4.7 Other uses 

A mulch of the leaves repels slugs, grubs etc, though fresh leaves should not 

be used as these can inhibit plant growth. Oak galls are excrescences that are 

sometimes produced in great numbers on the tree and are caused by the activity of the 

larvae of different insects. The insects live inside these galls, obtaining their nutrient 

therein. When the insect pupates and leaves, the gall can be used as a rich source of 

tannin that can also be used as a dyestuff (Grieve, 1984). A black dye is obtained from 

the seed cups. Wood used for boat building and construction (Wilson, 1917). The 

wood is also used for fuel and charcoal (Bean, 1981). 

1.5 Bioassay guided fractionation 

 Different approaches to drug discovery using higher plants can be 

distinguished: random selection followed by chemical screening; random selection 

followed by one or more biological assays; follow-up of biological activity reports 

(e.g., ecology based); follow-up of ethnomedical (traditional medicine) use of plants. 

The latter approach includes plants used in organized traditional medical systems; 

herbalism, folklore and shamanism; the use of databases (Fabricant and Farnsworth, 



Chapter 1                                                                                                      Introduction 
 

 13

2001). The objective is the targeted isolation of new bioactive plant products, i.e., lead 

substances with novel structures and novel mechanisms of action.  

Bioassay-guided isolation integrates the processes of separation of compounds 

in a mixture, using various analytical methods, with results obtained from biological 

testing. The process begins with testing an extract to confirm its activity, followed by 

crude separation of the compounds in the matrix and testing the crude fractions. 

Further fractionation is carried out on the fractions that are determined to be active, at 

a certain concentration threshold, whereas the inactive fractions are set aside or 

discarded. The process of fractionation and biological testing is repeated until pure 

compound(s) are obtained. Structural identification of the pure compound then 

follows. This methodology precludes overlooking novel compounds that are often 

missed in studies that only identify those compounds with which the investigator is 

familiar. Moreover, the possibility of discovering an unknown molecular site of action 

is maximized (Duke et al., 2000). 

There are several reports of successful isolation of active components by using 

bioassay guided fractionation. Some of these studies are reported here. Malheiros et 

al., (2005) determined antifungal activity of drimane sesquiterpenes from Drimys 

brasiliensis using bioassay-guided fractionation. The bioassay-guided fractionation of 

the antifungal dichloromethane extract from the roots of Vernonanthura tweedieana 

(Baker) H. Rob., using an agar overlay bioautographic method, allowed the isolation 

of one active sesquiterpene (Portillo et al., 2005). Zhang et al., (2007) isolated the 

components having antifertility actiivty of castorbean (Ricinus communis L.) seed 

extracts using bioassay-guided fractionation. In order to isolate and identify the active 

principles possibly responsible for the antimitotic activity of the extract from roots of 

Harpalyce brasiliana using sea urchin egg development, a bioassay-guided fraction 

was performed and six bioactive compoundds were isolated (Militão et al., 2007). 

Using a bioassay-guided fractionation technique, Unno et al., (2004) isolated two 

active compounds (Xanthine oxidase inhibitors) from the aqueous extracts of the 

Lagerstroemia speciosa leaves, namely valoneic acid dilactone (VAD) and ellagic 

acid (EA). 
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1.6 Bioassays 

A combination of chemical screening with biological screening is the fastest 

way to arrive at new medicinal compounds from plants. For this purpose, relatively 

simple biological or pharmacological tests are available in order to localize the 

specific activities in the plant extracts or in the numerous fractions resulting from the 

different purification steps which lead from the plant to the pure active constituents. 

These tests are very sensitive because the active substances are present in the plants at 

very low concentrations (Hostettmann and Marston, 2002). A biological assay is a 

procedure for determining the concentration, purity, and/or biological activity of a 

substance (e.g., vitamin, hormone, plant growth factor, antibiotic, enzyme or any 

other chemical) by measuring its effect on an organism, tissue, cell, enzyme or 

receptor preparation compared to a standard preparation (Linton, 1983). Bioassays 

offer a special advantage in the standardization and quality control of heterogeneous 

botanical products. These products are mixtures of bioactive components. Most often 

a desired biological response is due to not one but a mixture of bioactive components 

the relative proportions of single bioactive compounds can vary from batch to batch 

while the bioactivity still remains within tolerable limits. Thus, physical or chemical 

analysis of a single component in such mixtures is not completely satisfactory. The 

use of bioassays is adoptable to the purpose of standardization or quality control of 

bioactive components in such heterogeneous botanicals and to aid “drug discovery” 

work with botanicals (McLaughlin et al., 1998). 

 In evaluating the pharmacological activities of a sample, to reach to an 

appropriate conclusion, the use of a number of bioassays and careful comparison of 

all the data is required (Linton, 1983). In this present study, the biological assays used 

to evaluate the biological activities of methanol extracts of the above mentioned 

plants were antibacterial assay, antifungal assay, brine shrimp lethality test, crown 

gall antitumor assay, radish seeds phytotoxic assay, DPPH scavenging assay and 

DNA protection assay. 

1.6.1 Antimicrobial assay 

Development of multi-drug resistance in pathogenic microbes and parasites 

and non-availability of safe antifungal drugs for systemic mycoses necessitates a 
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search for new antimicrobial substances from other sources, including plants. 

Traditionally used medicinal plants produce a variety of compounds of known 

therapeutic properties (Chopra et al., 1992; Bruneton, 1995). The substances that can 

inhibit pathogens and have little toxicity to host cells are considered candidates for 

developing new antimicrobial drugs. Many infectious diseases are known to be treated 

with herbal remedies throughout the history of mankind. Even today, plant materials 

continue to play a major role in primary health care as therapeutic remedies in many 

developing countries (Zakaria, 1991). There is a continuous and urgent need to 

discover new antimicrobial compounds with diverse chemical structures and novel 

mechanisms of action for new and re-emerging infectious diseases (Rojas et al., 2003). 

Therefore, researchers are increasingly turning their attention to folk medicine 

looking for new leads to develop better drugs against microbial infections (Srinivasan 

et al., 2001; Benkeblia, 2004). 

The fungal and bacterial strains used in this study were chosen primarily based 

on their importance as opportunistic human pathogens. 

Bacterial strains 

Staphylococcus aureus 

  Staphylococcus aureus is a spherical facultatively anaerobic, gram-positive 

coccus, frequently found in the nose and skin of a person. S. aureus can cause a range 

of illnesses from minor skin infections, such as pimples, impetigo (may also be 

caused by Streptococcus pyogenes), boils, cellulitis folliculitis, furuncles, carbuncles, 

scalded skin syndrome and abscesses, to life-threatening diseases such as pneumonia, 

meningitis, osteomyelitis endocarditis, Toxic shock syndrome (TSS), and septicemia. 

Escherichia coli 

Escherichia coli is a facultative anaerobic, gram negative bacterium that is 

commonly found in the lower intestine of warm-blooded animals. Virulent strains of 

E. coli can cause gastroenteritis, urinary tract infections, and neonatal meningitis. 
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Micrococcus leuteus 

Micrococcus leuteus is an obligate aerobe, gram positive, spherical, 

saprotrophic bacterium and is found in soil, dust, water and air, and as part of the 

normal flora of the mammalian skin. The bacterium also colonizes the human mouth, 

mucosae, oropharynx and upper respiratory tract. It is non-pathogenic and is usually 

regarded as a contaminant, it should be considered as an emerging nosocomial 

pathogen in immunocompromised patients. 

Bordetella bronchiseptica 

Bordetella bronchiseptica is a gram-negative bacterium that colonizes the 

respiratory tracts of mammals. B. bronchiseptica causes an uncommon infection in 

humans that generally produce a "whooping cough" like syndrome in 

immunocompetent individuals. However, B. bronchiseptica has been associated with 

endocarditis, peritonitis, meningitis and wound infections. In some cases, a direct 

connection to animals is obvious. B. bronchiseptica is being isolated increasingly 

from immunocompromised hosts with respiratory tract infections ranging from 

sinusitis to pneumonia/pleuritis.  

Bacillus subtilis 

Bacillus subtilis is a rod-shaped gram-positive bacterium commonly found in 

soil. B. subtilis has the ability to form a tough, protective endospore, allowing the 

organism to tolerate extreme environmental conditions. 

Salmonella setubal 

Salmonella is a Gram-negative facultative rod-shaped bacterium. Salmonellae 

live in the intestinal tracts of warm and cold blooded animals. Some species are 

ubiquitous. Other species are specifically adapted to a particular host. In humans, 

Salmonella are the cause of two diseases called salmonellosis: enteric fever (typhoid), 

resulting from bacterial invasion of the bloodstream, and acute gastroenteritis, 

resulting from a foodborne infection/intoxication.  
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Fungal species 

Aspergillus niger: 

Aspergillus niger is less likely to cause human disease than some other 

Aspergillus species, but if large amounts of spores are inhaled, a serious lung disease, 

aspergillosis can occur. A. niger is one of the most common causes of otomycosis 

(fungal ear infections), which can cause pain, temporary hearing loss and, in severe 

cases, damage to the ear canal and tympanic membrane. 

Aspergillus flavus: 

Aspergillus flavus is a fungus. It is a common mold in the environment. It is a 

human pathogen, associated with aspergillosis of the lungs and sometimes causing 

corneal, otomycotic, and nasoorbital infections. Many strains produce significant 

quantities of aflatoxin (Klich, 2007), a carcinogenic and acutely toxic compound. A. 

flavus spores are allergenic. A. flavus may invade arteries of the lung or brain and 

cause infarction. 

Aspergillus fumigatus 

Commonly found on soil, grains, fruits, and vegetables. It grows with 

temperatures higher than 40C. Aspergillus fumigatus causes both invasive and allergic 

aspergillosis in immune compromised patients. It also causes skin, pulmonary and ear 

infection (Hawksworth et al., 1995).  

Fusarium solani 

Fusarium solani (seed born pathogen) is commonly considered as 

contaminant, but disease has been reported in individuals. This species is quite easily 

recognized based upon colonies are woolly to cottony with cream to white aerial 

mycelium, long monophialides, and microconidia in false heads only. Fusarium 

solani is the most common Fusarium species recovered in humans and animals. It is 

an etiologic agent in cutaneous infections, burn patients, mycetoma, onychomycosis, 

sinusitis, pulmonary disease, endocarditis and septic arthritis (Summerbell and 

Schroers, 2002). 
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Fusarium moniliforme 

  Fusarium moniliforme differs from the F. solani by forming microconidia in 

chains, Fusarium moniliforme has been reported as an agent of cutaneous disease in 

man (Collins and Rinaldi, 1977). 

Mucor species. 

Mucor species naturally occur in soil, dead plant material, fruits and fruit 

juice. It is also found in leather, meat, dairy products, animal hair, and jute. This 

species may cause mucorosis in immune compromised individuals. The sites of 

infection are the lung, nasal and sinus passage (Crissy et al., 1995).  

Alternaria 

Alternaria is a cosmopolitan dematiaceous (phaeoid) fungus. They are also 

common allergens in humans, growing indoors and causing hay fever or 

hypersensitivity reactions that sometimes lead to asthma. Alternaria spp. has emerged 

as opportunistic pathogens particularly in patients with immunosuppression, such as 

the bone marrow transplant patients (Morrison and Weisdorf, 1993; Vartivarian et al., 

1993). They are one of the causative agents of phaeohyphomycosis. Cases of 

onychomycosis, sinusitis, ulcerated cutaneous infections, and keratitis, as well as 

visceral infections and osteomyelitis due to Alternaria have been reported (Manning 

et al., 1991 and Schell, 2000). In immunocompetent patients, Alternaria colonizes the 

paranasal sinuses, leading to chronic hypertrophic sinusitis. In immunocompromised 

patients the colonization may end up with development of invasive disease 

(Vennewald et al., 1999). 

Methodology 

There are numerous methods for detecting antifungal and antibacterial 

activities. The currently available methods are:  

1) Agar diffusion method (Perez et al., 1990). 

2) Agar dilution method (Choudhary et al., 1995). 
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3) Bioautographic method (Janaki and Vijayasekaram, 1998). 

1) Agar diffusion method 

 This is the method that had been utilized in the present study for determining 

antibacterial activities of the plant extracts. In this method, wells are cut in seeded 

agar and the test sample is then introduced directly into these wells. This technique 

can also be done by placing disks of an absorbent material that have been soaked with 

the antibiotic of interest directly onto the agar surface. The antibiotic will 

subsequently diffuse out of the disc into the agar. This version of agar diffusion is 

known as the Kirby-Bauer disc-diffusion assay. After incubation the diameter of the 

clear zones around each well is measured and compared against zone of inhibition 

produced by solution of known concentration of standard antibiotics. Five or six 

samples may be tested simultaneously by the diffusion method. 

2) Agar dilution method 

This is the method that had been utilized in the present study for determining 

antifungal activities of the plant extracts. In agar dilution method, medium is 

inoculated with the test organisms and the samples to be tested are mixed with the 

inoculated medium. The material is incubated and growth of the microorganisms is 

viewed and compared with a control culture, which does not contain the same sample.  

3) Bioautographic procedure 

The bioautographic procedure for screening of antimicrobial activity involves 

localizing the antibacterial activity on a chromatogram. The antimicrobial agent is 

transferred from the TLC plate or paper chromatogram to an inoculated agar plate by 

diffusion and the zones of inhibition are visualized. 

1.6.2 Toxicity testing against brine shrimp 

The shrimp lethality assay was proposed by Michael et al., (1956), and later 

developed by Vanhaecke et al., (1981) and Sleet and Brendel, (1983). It is based on 

the ability to kill laboratory-cultured Artemia nauplii brine shrimp (Fig 1.5). The 

assay is considered a useful tool for preliminary assessment of toxicity (Solís et al., 
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1993), and it has been used for the detection of fungal toxins (Harwig and Scott, 

1971), plant extract toxicity (McLauglin et al., 1991), heavy metals (Martínez et al., 

1999) and pesticides (Barahona and Sánchez-Fortún, 1999) and newly synthesized 

compounds (Ansari et al., 2006; Ahmad et al., 2007 and Ahmad et al., 2008). 

 

 

 

 

Fig 1.5 Artemia nauplii brine shrimp 

http://www.bridgerlandaudubon.org/images/brineshrimp-usgs-naupli1.jpg 

Bioactive compounds are almost always toxic in high doses. Pharmacology is simply 

toxicology at a lower dose, and toxicology is simply pharmacology at a higher dose. 

Thus, in vivo lethality in a simple zoologic organism can be used for screening and 

fractionation in the discovery and monitoring of bioactive natural products 

(McLaughlin and Rogers, 1998). The eggs of brine shrimp, Artemia salina (Leach), 

are readily available in pet shops at low cost and remain viable for years in the dry 

state. Upon being placed in sea water, the eggs hatch within 48 hours to provide large 

numbers of larvae (nauplii) for experimental use. A number of other studies have 

demonstrated the use of the brine shrimp assay to screen plants popularly used as 

pesticides (Fatope et al., 1993), plants having ethnomedical uses related to cancer 

(Mongelli et al., 1996), and tropical plants used medicinally (together with screening 

for larvicidal, fungicidal, and molluscicidal activity by Cepleanu et al., (1994). 

1.6.3 Potato disc antitumor assay: 

 The Potato Disc Antitumor Assay is a simple, inexpensive and fast screen for 

antitumor agents. It has been used to identify the antitumor activity of plant extracts 

(Wedge and Camper, 1999). The inhibition of A. tumefaciens-induced tumors (or 

Crown Gall) in potato disc tissue is an assay based on antimitotic activity and can 
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detect a broad range of known and novel antitumor effects (McLaughlin and Rogers, 

1998). 

Crown gall disease 

  Crown Gall is a neoplastic plant disease caused by A. tumefaciens (Lippincott 

and Lippincott, 1975; Kahl and Schell, 1982). Crown Gall Disease is a disease in 

which a mass of tissue bulging from stems and roots of woody and herbaceous plants 

is produced. These masses (tumors) may be spongy or hard, and may or may not have 

a deleterious effect on the plant. The tumors produced are histologically similar to 

those tumors found in humans and animals (Agrios, 1997). 

Arobacterium tumefaciens 

The soil bacterium A. tumefaciens, is a plant pathogen responsible for tumor 

induction on dicotyledonous plants due to its ability to transfer DNA to the plant cell. 

During infection of plant material with A. tumefaciens, a tumor-producing plasmid 

(Ti-plasmid), found in the bacterial DNA, is incorporated into the plant’s 

chromosomal DNA. When plant tissue is wounded it releases phenols, etc., which 

activate the Ti plasmid in A. tumefaciens. The Ti-plasmid causes the plant’s cells to 

multiply rapidly without going through apoptosis, resulting in tumor formation similar 

in nucleic acid content and histology to human and animal cancers (Agrios, 1997). 

Ti-plasmid 

A. tumefaciens has the exceptional ability to transfer a particular DNA 

segment (T-DNA) of the tumor-inducing (Ti) plasmid (Fig 1.6) into the nucleus of 

infected cells where it is then stably integrated into the host genome and transcribed, 

causing the crown gall disease (Nester et al., 1984; Binns and Thomashaw, 1988). 

Sequences of Ti plasmid: 

Virulence region 

 Right and left border sequences 

Origin of replication 
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Opine catabolism 

T DNA 

 

 

 

 

 

 

 

                                           Fig 1.6 Ti Plasmid (Ziemienowicz, 2001) 

Vir genes: 

The vir genes are located on a 35 kb region of the plasmid that lies outside of 

the T –DNA region. Proteins which are encoded by the virulence (vir) region of the Ti 

plasmid regulate the T-DNA modification and transfer. Phenolic compounds that are 

derived from a wounded plant cell induce expression of the vir region genes 

(Ziemienowicz, 2001). 

Right and left border sequences 

T-region is flanked by two almost perfect, 25base-pair, direct repeats or border 

sequences. This strongly suggested that the repeats are important in the integration 

mechanism (Simpson et al., 1982 and Yadav et al., 1982). Virulence proteins 

recognise 25bp imperfect direct repeats (the border sequences) that define the T-DNA 

(Ziemienowicz, 2001). 
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T DNA 

T-DNA contains two types of genes: the oncogenic genes, encoding for 

enzymes involved in the synthesis of auxins and cytokinins and responsible for tumor 

formation; and the genes encoding synthesis of opines. These compounds, produced 

by condensation between amino acids and sugars, are synthesized and excreted by the 

crown gall cells and consumed by A. tumefaciens as carbon and nitrogen sources.  

Crown gall tumor potato disc assay 

This assay is based on the use of A. tumefaciens as a tumerogenic agent who is 

utilized to induce tumors or crown galls on the potato disc surface used as a specimen 

for tumor production. Overgrown tumors produced lack starch in them. This lacking 

of starch and tumor formation is identified by staining of A. tumefaciens treated potato 

discs. There are possible criteria for determining tumors. Criteria include the isolated 

buff-coloured lumps, distinctly bordered lumps in streaks, raised streaks without clear 

lumps and only lumps appearing on the top surface of the potato discs as acceptable 

tumors (Ferrigni et al., 1982). This assay system is thus utilized to examine the 

purified compounds for their effect on the initiation of crown gall tumors (Galsky et 

al., 1980).  

 McLaughlin (1991) concluded that the Crown Gall tumor (potato disc) assay 

could be used as a fairly rapid, inexpensive and reliable prescreen for antitumor 

activity. The validity of this bioassay is predicted on the observation that certain 

tumorigenic mechanisms are similar in plants and animals (Becker, 1975; Braun, 

1972; Karpas, 1982). It has been shown that the inhibition of Crown Gall tumor 

initiation on potato discs and subsequent growth showed good correlation with 

compounds and extracts active in the 3PS leukemic mouse assay (Galsky et al., 1980; 

Galsky et al., 1981). 

1.6.4 Phytotoxicity assay 

Due to lack of mobility, plants must rely on both physical and chemical 

defense mechanisms such as producing various toxic metabolites to survive the 

predatory attacks of other organisms such as insects, bacteria, and fungi, and to 
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adequately compete with other plant species for light and nutritional resources. The 

defense chemicals or secondary metabolites of plants can serve several types of 

functions. They can be antimicrobial to bacteria, fungi and viruses (Oh et al., 1967; 

Hubbell et al., 1988) some are also herbicidal (Whittaker and Feeny 1971; Tsao and 

Eto, 1996) and some possess other types of biological activities.  

The ability of plant to affect the germination or growth of other plants has 

been known for centuries (Putnam, 1994). The term allelopathy was first introduced 

by Molisch in 1937 and refers to chemical interactions among plants, including those 

mediated by microorganisms. This definition, although broad, is reasonable as 

considerable research has recently indicated the involvement of microorganisms and 

lower plants in the production of phytochemically-active compounds (Inderjit and 

Weiner, 2001; Putnam, 1986). Allelopathy is an important mechanism of plant 

interference, mediated by the addition of plant produced secondary products to the 

rhizosphere. Chemicals with allelopathic potential are present in nearly all plants and 

their respective tissues, including leaves, stems, roots, flowers, seeds, bark and buds. 

Under the appropriate environmental conditions, these phytotoxins may be released 

into the environment in sufficient quantities to affect the growth of neighboring plants 

(Weston, 1996).  

Allelopathic interactions in soil environments depend greatly on the turn over 

rate of allelochemicals in the soil rhizosphere and their interaction with clay, organic 

matter and other factors which change the physico-chemical and biotic characteristics 

of the soil (Blum, 1995; Blum and Shafer, 1998). Various laboratory screening 

techniques have been developed to measure and quantify allelopathy without the 

interference of resource competition (Leather and Einhellig, 1986; Navarez and 

Olofsdotter, 1996; Kawaguchi et al., 1997). Large screenings of germplasm 

collections require reliable test species. Traditionally, easily grown, sensitive and 

reliable species such as Lemna minor, lettuce (Lactuca sativa) and radish (Raphanus 

sativus) seeds have been used as test plants in allelopathy studies (Putnam et al., 

1983; Einhellig et al., 1985; Leather and Einhellig, 1985). 
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Radish seed bioassay  

Radish (Raphanus sativus L.) seeds have been used in general toxicity studies 

because of their sensitivity to phytotoxic compounds (Einhellig and Rasmussen, 

1978) and are a standard assay in allelopathic studies (Patterson, 1986). The radish 

seed bioassay consists of exposing seeds to plant extracts in petri plates and toxicity is 

evaluated after five days. It is an easy, low cast and safe assay and does not require 

any special equipment. These features make this a very helpful bench-top assay for 

the phytochemistry laboratory. This assay has a wide application in research towards 

the discovery of active principles present in plants (Arzu and Camper, 2002). 

1.6.5 Antioxidant assays 

Various assays have been used to test antioxidant activity but the most widely 

used methods are those that involve generation of free radical species which are then 

neutralized by antioxidant compounds (Arnao et al., 2001). 

Free radicals 

Radicals are chemical species with one or more unpaired electrons, and free 

radicals are radicals that have moved out of the immediate molecular environment of 

their generation. Free radical is defined as an atom or molecule having at least one 

unpaired electron. Free radicals generally abstract electrons from other molecules, 

thereby including a chain reaction of electron abstraction and radical formation in the 

biological systems (Arnao et al., 2001).  

Oxidants 

Various reactive oxygen species (ROS) encompass a spectrum of diverse 

chemical species including superoxide anions, hydrogen peroxide, hydroxyl radicals, 

nitric oxide, peroxynitrite, and others. These oxidants can play a variety of roles in 

both animals and plants in vivo. For instance, some of the ROS are involved in 

cellular signaling, cell growth regulation, specific cellular physiology, and energy 

production (Halliwell, 1999). 



Chapter 1                                                                                                      Introduction 
 

 26

Oxidative stress 

Normally, there is a balance between the quantity of free radicals generated in 

the body and the antioxidant defense systems which scavenge/quench these free 

radicals by antioxidant enzymes and non-enzymatic compounds (Halliwell, 1996) 

preventing them from causing deleterious effects in the body (Nose, 2000). The 

antioxidant defense systems in the body can only protect the body when the quantity 

of free radicals is within the normal physiological level. But when this balance is 

shifted towards more free radicals, increasing their burden in the body either due to 

environmental conditions or infections, it leads to oxidative stress (Fig 1.7) (Finkel 

and Holbrook, 2000). Aftermath of oxidative free radicals damage to living system 

such as attacking cells, breaking cellular membranes and reacting with the nucleic 

acids, proteins, and enzymes present in the cells and causing damage to them are 

collectively known as oxidative stress (Vrchovska et al., 2006). 

 

 

 

 

 

 

 

 

 Fig 1.7 Oxidative stress causing damage to body cells.  

http://www.cstl.nist.gov/div831/DNATechologies/DNA_Damage_Repair.htm 

Free radicals and oxidants can trigger lipid peroxidation, as well as the 

oxidation of proteins and DNA, may bring about mutations (Ellnaim et al., 2003) and 

cause extensive damage to body cells. Oxidative stress resulted from an imbalance of 
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oxidizing species and natural antioxidants in the body has been thought to have 

contributed to aging (Finkel and Holbrook, 2000), cell apoptosis, and severe diseases 

such as cancer (Senthil et al., 2004), atherosclerosis (Upston et al., 2003), Parkinson’s 

disease, Alzheimer’s disease, and even cardiovascular disorders (Giasson et al., 2002). 

Arbillaga et al., (2007) studied oxidative DNA damage induced by Ochratoxin A in 

the HK-2 human kidney cell line. Their results suggested that oxidative stress 

precedes cytotoxicity and genotoxicity (DNA damage), and plays an important role in 

nephrotoxicity and carcinogenicity. It has been estimated that free radical-induced 

DNA damage in humans is at biologically relevant levels, with approximately 104 

DNA bases being oxidatively modified per cell per day (Loft et al., 1992). The 

magnitude of DNA base oxidation is proportional to the change in metabolic rate and 

thus is expected to increase in situations with increased oxygen consumption such as 

smoking and exercise (Loft et al., 1994). 

Endogenous sources of oxidants 

There are several endogenous sources of oxidants in the body: reduction of 

molecular oxygen in mitochondria during cellular respiration takes place in sequential 

steps, yielding the radical by-products superoxide O2•-, hydroxyl HO•, and hydrogen 

peroxide H2O2; degradation of fatty acids and other molecules in peroxisomes 

produce H2O2; phagocytosis results in an oxidative burst of nitric oxide (NO•), which 

also reacts with superoxide to produce the oxidizing and nitrating species 

peroxynitrite (ONOO-) (Frei, 1994). 

Antioxidants 

The term ‘antioxidant’ refers to the activity of numerous vitamins, minerals 

and other phytochemicals to protect against
 
the damage caused by reactive oxygen 

species (ROS). Several studies have demonstrated that plants produce potent 

antioxidants and represent an important source of natural antioxidants (Santos-Gomes 

et al., 2003; Couladis et al., 2003; Es-Safi et al., 2005). Epidemiological studies and 

intervention trials on prevention of cancer and cardiovascular disease in people taking 

antioxidant supplements are suggestive that dietary intake of antioxidants can help 

scavenge free radicals and oxidants and protect the body against diseases (Frei, 1994). 

The role of antioxidant compounds in mitigating oxidative damage to biological 
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systems has been reported by several workers (Yokozawa et al., 2000; Wang et al., 

2003; Perez et al., 2004). 

Pro-oxidant activities 

Antioxidants that are reducing agents can also act as pro-oxidants. For 

example, vitamin C has antioxidant activity when it reduces oxidizing substances such 

as hydrogen peroxide, however, it can also reduce metal ions which leads to the 

generation of free radicals through the fenton reaction (Stohs and Bagchi, 1995). 

2 Fe3+ + Ascorbate → 2 Fe2+ + Dehydroascorbate 

2 Fe2+ + 2 H2O2 → 2 Fe3+ + 2 OH· + 2 OH− 

DPPH radical scavenging assay 

The DPPH radical scavenging method is a standard procedure applied to the 

evaluation of anti-radical activity (Sanchez-Moreno et al., 1998). 

Antioxidants react with 1,1-Diphenyl-2-picrylhydrazyl, a meta stable radical 

having highest absorbance at 517nm. When it accepts an electron on hydrogen radical 

to become more stable, the absorbance vanishes away. When a solution of DPPH is 

mixed with that of a substance that can donate a hydrogen atom, then this gives rise to 

the reduced form i.e., 1,1-Diphenylhydrazine (Fig 1.8) with the loss of this violet 

colour although there would be expected to be a residual pale yellow color from the 

picryl group still present (Molyneux, 2004).  

                            

1,1-Diphenyl-2-picrylhydrazyl (DPPH)                                      1,1-Diphenylhydrazine   

Fig 1.8 Reduction of 1,1-Diphenyl-2-picrylhydrazyl into 1,1-Diphenylhydrazine 

     Antioxidant 
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This simple method can be applied either when the antioxidant is in its pure form, or 

in a mixture (e.g., a plant extract) (Blois, 1958; Shi and Niki, 1998). 

Free radical induced oxidative DNA damage assay 

Free radical induced plasmid pBR322 break system is used to evaluate the 

prooxidant and antioxidant effects of plant extracts on DNA. This assay is based on 

the principle of Fenton reaction (Tian and Hua, 2005). The plasmid used for this assay 

is pBR322. 

Principle 

Fenton's reagent is a solution of hydrogen peroxide and an iron catalyst that is 

used to oxidize contaminants or waste waters (Meneghini, 1997). In a Fenton reaction, 

Fe2+ reacts with H2O2, resulting in the production of hydroxyl radical, which is 

considered to be the most harmful radical to biomolecules (Meneghini, 1997). Ferrous 

Ion (II) is oxidized by hydrogen peroxide to ferric ion (III), a hydroxyl radical and a 

hydroxyl anion. Iron (III) is then reduced back to iron (II), a peroxide radical and a 

proton by the same hydrogen peroxide (disproportionation). 

(1) Fe2+ + H2O2 → Fe3+ + OH· + OH− 

(2) Fe3+ + H2O2 → Fe2+ + OOH· + H+ 

In the net reaction the presence of iron is truly catalytic and two molecules of 

hydrogen peroxide are converted into two hydroxyl radicals and water. The generated 

radicals then engage in secondary reactions. Iron (II) sulfate is a typical iron 

compound in Fenton's reagent. Fenton's reagent oxidative attack by OH radical on the 

deoxyribose moiety may lead to the release of free bases from DNA generating strand 

breaks with various sugar modifications and simple abasic (AP) sites. In fact, one of 

the major types of damage generated by ROS is AP site, a site where a DNA base is 

lost (Evans et al., 2004). With the attack of •OH generated from the Fenton reaction, 

supercoiled plasmid DNA is broken into three forms, including supercoiled (SC), 

open circular (OC) and linear form (linear). The degree of antioxidant or prooxidant 

effect of the test samples is presented by the ratio of SC percentage of test samples to 

that of the control, in an agarose gel electrophoresis assay (Tian and Hua, 2005).  
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pBR322 

pBR322 (Fig 1.9) is a plasmid and one of the most commonly used E. coli 

cloning vectors. pBR322 used in OH radical induced oxidative DNA damage analysis 

was imported from M/S Fermentas. pBR322 was the first artificial plasmid created by 

Mexicans in 1977 and was named eponymously after the scientist duo. p stands for 

plasmid, BR for Bolivar and Rodriguez. 

Its properties are descried in the following points.  

 pBR322 is 4.36 kb in length (Watson, 1988) 

 It contains a replicon region rep responsible for the replication of plasmid. 

 It contains the ampR gene, encoding the ampicillin resistance protein and the tetR 

gene, encoding the tetracycline resistance protein.  

 The plasmid has unique restriction sites for more than forty restriction enzymes. 

 It contains rop gene coding for the Rop protein, to decrease copy number of 

plasmid after transformation. 

 

 

 

 

 

 

 

 

 

                        Fig 1.9: Restriction map of pBR322 (Fermentas) plasmid 
                        (www.fermentas.com/.../nucleicacids/mappbr322.htm ) 
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Assay procedure 

 Active oxygen species, byproducts of many metabolic processes of body are 

reported to be the possible reason for the oxidative DNA damage (which is noted to 

be responsible for the activation of proto-oncogene) (Kim et al., 2000). OH radical 

induced oxidative DNA damage analysis has been used to identify potent scavengers 

of active oxygen species (Tian and Hua, 2005). Source of DNA taken in this assay a 

super-coiled (SC) double stranded circular DNA pBR322. Any possible active oxygen 

specie (OH radical, super oxide radical etc.) could result in single strand cleavage of 

DNA which is observable as OC relaxed form. The topology of these cleaved forms 

of pBR322 is observable on the gel running pattern, as they show running pattern of 

OC< relaxed < SC in order of their movement from the well (Choi et al., 2001). 

1.7 Phytochemicals: 

Phytochemicals are the individual chemicals which can be isolated from 

plants. In common usage today, many phytochemicals are associated with health 

benefits. They have a long history, which continues today, as medicines (Rouhi. 

2003). Many, though not all, of these materials are classified as secondary 

metabolites. Every plant is a chemical factory for complex substances which exceeds 

any human capability. Plants provide us with an enormous array of chemicals 

essential to industry and to our daily lives. Many of the chemicals are linked to the 

ingenious strategies that plants have developed to help them flourish and survive. 

Scientists divide these compounds into two categories:  

1.7.1 Primary metabolites  

Primary Metabolites are found in all plant cells. These include sugars 

(carbohydrates), fats, oils and proteins, which are involved in the fundamental 

biochemical reactions common to all life. 

1.7.2 Secondary metabolites 

Secondary metabolites are molecules that are not necessary for the growth and 

reproduction of a plant. Secondary metabolites tend to be more specialised, and are 

usually peculiar to only one plant or species. Their biological function is not always 
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obvious, but they are not formed without a reason. They are important for the survival 

and propagation of the plant. Throughout history secondary metabolites of plants have 

been utilized by humanity. Some secondary metabolites are designed to attract 

creatures that can pollinate their flowers or distribute their seeds; others protect the 

plant from the sun’s radiation, or serve as ‘chemical signals’ that enable the plant to 

respond to ‘environmental clues’. Others are defensive compounds, designed to deter 

or kill disease-causing organisms, potential predators or competitors (Huxley, 1992). 

Some may serve some role in herbivore deterrence due to astringency or they may act 

as phytoalexins, killing bacteria that the plant recognizes as a threat.  Secondary 

compounds are often involved in key interactions between plants and their abiotic and 

biotic environments that influence those (Facchini et al., 2000). Oddly enough, it’s 

among the plant chemicals that are generally poisonous to mammals, that so many of 

our medicines are found. Examples of such drugs in common use today include 

morphine and digitalis. These are both secondary metabolites, and still isolated from 

plant sources.  

Classes of Secondary metabolites 

There are three major classes of secondary metabolite: alkaloids, phenols and 

terpenoids.  

1 Alkaloids   

Alkaloids are an important group of plant chemicals, of which nearly 10 000 

have now been isolated. Alkaloids are nitrogen containing compounds widely 

distributed in different plant groups. Nearly all alkaloids are alkaline, and most are 

optically active. Alkaloids are classically defined as being as plant derived, 

pharmacologically active, basic compounds derived from amino acids that contain 

one or more heterocyclic nitrogen atoms.     

People have been using alkaloids in the form of plant extracts for poisons, 

narcotics, stimulants and medicines for several years. Rasperine is a hypertensive 

agent, atropin is a smooth muscle relaxant, vinblastine is one of the antitumor 

alkaloid, cocaine is a local anesthetic and a potent central nervous system stimulant, 

and strychnine is a nervous stimulant (Cseke et al., 2006). One alkaloid that is a 
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powerful insecticide is nicotine. Alkaloids are common antibacterial, antimalarial, 

cytotoxic and anticancerous agents (Wirasathien et al., 2006).  

Alkaloids in plants serve as chemoprotective antiherbivory agents or as growth 

regulators, such as the well known plant hormone, indole-3-acetic acid, IAA 

(Buchanan et al., 2000).   

2 Phenols  

The vast majority of plant based aromatic natural products are phenols. 

Phenols constitute a large class of compounds in which a hydroxyl group (-OH group) 

is bound to an aromatic ring. Numerous classes of these compounds exist, including 

simple phenols, phenylpropenoids, flavonoids, tannins and quinones. 

Simple Phenols: 

Most of the simple phenols are monomeric components of polyphenols and 

acids that make most of plant tissues, including lignin and melanin. Hydroquinone, 

catechol, orcinol and other simple phenols are found in relatively low concentrations 

(Buckingham, 2005).  

Phenylpropenoids: 

Phenylpropenoids contains a three-carbon side chain attached to a phenol. 

Common examples include the hydroxycoumarins, phenylpropenes, and various types 

of hydroxycinnamic acids, including the caffeic and coumaric acids and coumarin. 

Coumarin: 

Coumarin is common to numerous plants and is the sweet smelling volatile 

material that is released from the newly mowed hay. Coumarin has been used in the 

treatment of lymphedema (Farinola and Piller, 2005). Coumarin found to have multi-

biological activities such as anti-HIV, anti-tumor, anti-hypertension, anti-arrhythmia, 

anti-osteoporosis, pain relief, preventing asthma and antisepsis. 

(http://www.raysahelian.com/coumarin.html). 
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Flavonoids: 

Flavonoids are the best known group of polyphenols. Different classes of 

flavonoids include the chalcones, flavones, flavonols, flavonones, anthocyanins and 

isoflavones. They show anti-allergic, anti-inflammatory (Yamamoto and Gaynor, 

2001), anti-microbial (Cushnie and Lamb, 2005) and anti-cancer activity, antiallergic, 

antineoplastic, antiviral, anti-thrombotic antioxidant and vasodilatory activities 

(Miller, 1996). 

Tannins: 

Tannins are water-soluble oligomers, rich in phenolic groups, capable of 

binding or precipitating water-soluble proteins (Hagerman and Butler, 1989). Plant 

tissues that are high in tannin content have a highly bitter taste and are avoided by 

most feeders.  

Tannins have shown potential antiviral (Lin et al., 2004) and antibacterial 

(Akiyama et al., 2001). Tannins the main components of many plant extracts, act as 

free radical scavengers (Bekerecioglu et al., 1998; Marja et al., 1999; Pulido et al., 

2000. and Andrea et al., 1998). In the past few years tannins have also been studied 

for their potential effects against cancer through different mechanisms (Bhagavathi, 

1999). Few accounts with respect to the use of condensed tannins originate from 

China, where plant extracts containing these tannins as their major constituents are 

also applied as medicinal agents for the treatment of burns (Yang et al., 1982; Shi, 

1983). Some tannic acids interfere with the digestive processes of insects, and it’s 

possible that they also inhibit microbial growth. Their astringent taste is repellent to 

insects and higher animals alike.  

Tannins may be divided into two groups: 

Condensed Tannins (Phlobatannins): Non-hydrolysable tannins on heating with 

hydrochloric acid yield phlobaphenes like phloroglucinol. 

Uses Astringents, treatment of ulcers, diarrhoea, and in tanning industry.  
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Hydrolysable Tannins: Hydrolysable tannins on heating with hydrochloric or 

sulphuric acids yield gallic or ellagic acids. 

Uses Astringent, wound healing antiseptics and constituent of triphala churna. 

(http://www.pharmaxchange.info) 

Anthraquinones:  

The anthraquinones are phenolic compounds that typically form strongly 

colored pigments covering the entire visible spectrum. Anthraquinones are 

antibacterial, antifungal and cytotoxic agents (Kanokmedhakul et al., 2005). 

3 Terpenoids  

Terpenoids are the largest class of secondary metabolites: over 22,000 have 

been described (Connolly and Hill, 1992). They occur notably in leaf glandular 

trichomes, in bud exudates and bark resins. Chemically, they are mainly cyclic 

unsaturated hydrocarbons, with varying degrees of oxygenation (alcoholic, ketonic, 

etc.) in the substituent groups attached to the basic carbon skeleton.  They are 

subdivided according to the number of five-carbon (C5) units that are present. 

Hemiterpenes: C5, Monoterpenes: C10, Sesquiterpenes: C15, Diterpenes: C20, 

Sesterterpenes: C25, Triterpenes: C30, Tetraterpenes (Carotenoids): C40 

The function of terpenes in plants is generally considered to be both ecological and 

physiological.  

Allelopathy: Many of them inhibit the growth of competing plants. 

Insecticidal: Some are known to be insecticidal. 

Help in pollination: Some are found to attract insect pollinator. 

Phytohormones: Some important phytohormones are terpenes. Abscissic acid is one 

of the sesquiterpenes (Srivastava, 2002). The diterpene gibberellic acid is also one of 

the major plant hormone. More than 130 gibberellins were identified (Silverstone and 

Sun, 2000).  
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Antimalarial and antibacterial: Terpenoids are antimalarial and antibacterial agents 

(Kanokmedhakul et al., 2005). 

Triterpenoids 

The largest single class of terpenoids is triterpenoids. There are important 

groups of triterpenoids, including common triterpenoid, steroids, saponins, cardiac 

glycosides. and resins and latexes. 

Steroids:  

Particularly all plant steroids are sterols. There is evidence that some of the 

phytosterols are effective against cardiovascular disease (Kris-Etherton et al., 2002). 

Saponins: 

Saponins are high molecular weight triterpene glycosides. Saponins have the 

insecticidal, antibiotic, fungicidal properties (Sparg et al., 2004). Saponins from 

ginseng are believed to be responsible for its immunostimulant and antinociceptive 

(pain relieving) properties (Naj et al., 2000). 

Cardiac glycosides 

Cardiac glycosides have the cytotoxic properties and the Na__K_-ATPase 

inhibitory properties (Joseph et al., 2005). 

Resins and latexes: 

Resins and latexes are also mixtures of terpenoids and other complex 

substances, and they too have a protective function in the plants that produce them. 

The resin in the hemp plant (Cannabis sativa) helps protect its vulnerable parts from 

drying out in hot weather. Latexes are fluids, which many plant anatomists believe are 

the by-products of chemical reactions in the plant. Latexes are secreted into special 

cells to stop them interfering with normal cell functions, but they may well deter 

predators too.  
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1.8 Separation and purification techniques: 

Having obtained an extract which contains as much as possible of the 

compounds of interest and as little as possible of any interfering substances, some 

additional separation or sample preparation step is usually necessary. This step serves 

to obtain the desired compound(s) in purified form so that they can be used for further 

measurements. Following are the most useful techniques for this purpose. 

1 Solvent partition: 

  Crude extracts contain compounds of widely varying polarities and can not be 

directly suitable for chromatography. Therefore, the crude extracts are fractionated 

into different portions each consisting of compounds of almost similar polarity. One 

of the most widely used instrument for separating certain classes of secondary 

metabolites, is the separatory funnel. Wun et al., (1980) used solvent partitioning 

procedure for the separation of chlorophylls from their degradation products and 

carotenoid pigments.  

2 Chromatography: 

Chromatography is a physical method of separation in which the components 

to be separated are distributed between two phases i.e., stationary and mobile phase 

(Ettre, 1993). Chromatography is the most useful technique for the separation of 

phytochemicals. Chromatography may be preparative or analytical. Preparative 

chromatography is used to separate the components of a mixture for further use. 

Analytical chromatography normally is used to measure the relative proportions of 

different components in a mixture and operates with smaller amounts of material.  

Principles of chromatographic separations: 

 Principle of chromatography is based on establishment of equilibrium between 

a stationary phase and a mobile phase. A small volume of sample is placed at the top 

of the column, which is filled with the stationary phase. Mobile phase solvent is added 

to the column and is allowed to slowly elute from the bottom of the column. The 

individual components in a mixture interact with the stationary phase to different 

degrees. The rate of migration of the solute depends upon the rate of interaction of the 
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solute with the two phases. Solutes having strong interaction with stationary phase 

will be retained more strongly by the stationary phase than those with weak 

interaction. Thus the latter will move along the column and be eluted more rapidly. In 

modern chromatography, a flow cell and detector is placed at the end of the column to 

automatically measure the eluted compounds and print out a chromatogram of the 

peaks for the separated substances (Christian 2004).   

Techniques by chromatographic bed shape 

i) Column chromatography 

In column chromatography, the stationary bed is within a tube. The stationary 

phase may fill the whole inside volume of the tube (packed column) or be 

concentrated on or along the inside tube wall leaving an open path for the mobile 

phase in the middle part of the tube (open tubular column) (Ettre, 1993). 

Flash column chromatography 

In flash column chromatography, the solvent is driven through the column by 

applying positive pressure. This allows most separations to be performed in less than 

20 minutes, with improved separations compared to the old method. 

ii) Planar chromatography 

Planar chromatography is a separation technique in which the stationary phase 

is present as or on a plane. The plane can be a paper coated by stationary phase (paper 

chromatography) or a layer of solid particles spread on a support such as a glass plate 

(thin layer chromatography). Different compounds in the sample mixture travel 

different distances according to their interaction with the stationary phase as 

compared to the mobile phase. The specific Retardation factor (Rf) of each chemical 

can be used for the identification of an unknown substance. 

a) Paper chromatography 

In paper chromatography the paper is made of cellulose, a polar substance, and 

the compounds within the mixture travel farther if they are non-polar. More polar 
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substances bond with the cellulose paper more quickly, and therefore do not travel as 

far. 

b) Thin layer chromatography 

Thin layer chromatography (TLC) is similar to paper chromatography. It 

involves a stationary phase of a thin layer of adsorbent like silica gel, alumina, or 

cellulose on a flat, inert substrate. Compared to paper, it has the advantage of faster 

runs, better separations, and the choice between different adsorbents.  

Techniques by physical state of mobile phase 

i) Gas chromatography 

In gas chromatography, the mobile phase is a carrier gas such as helium (inert) 

or nitrogen (unreactive). The stationary phase is a microscopic layer of liquid or 

polymer on an inert solid support. Gas chromatography is always carried out in a 

column.  

 ii) Liquid chromatography 

Liquid chromatography (LC) is a separation technique in which the mobile 

phase is a liquid. Liquid chromatography can be carried out either in a column or a 

plane. Liquid chromatography utilizing very small packing particles and a relatively 

high pressure is referred to as high performance liquid chromatography (HPLC). 

iii) Supercritical fluid chromatography 

In supercritical fluid chromatography, the mobile phase is a supercritical fluid. 

SFC has a position intermediate between GC and HPLC because supercritical fluids 

have properties between those of gases and liquids. Substances become supercritical 

when both their pressure and temperature exceed the supercritical values (Tc and Pc). 

For CO2, these values are 31˚C and 73 atm respectively.     
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Techniques by separation mechanism 

Ion exchange chromatography 

Ion exchange chromatography is based on ion exchange mechanism to 

separate analytes. Ion exchange chromatography uses a charged stationary phase to 

separate charged compounds including amino acids, peptides, and proteins. 

Depending upon the conditions, solutes are either cations or anions. They are 

separated depending on the differences in their ionic charges or the magnitude of their 

ionic charges. 

Size exclusion chromatography 

Size exclusion chromatography (SEC) separates molecules according to their 

size. Smaller molecules are able to enter the pores of the media and, therefore, take 

longer to elute, whereas larger molecules are excluded from the pores and elute faster.  

Gravity liquid chromatography 

This is the oldest and most simple form of chromatography. Most often 

normal phase materials (silica, alumina) and large particle size (60-200µm) are used.  

Low and median pressure liquid chromatography 

 LPLC operates at pressure from <1 to 6 atm and uses simple membrane 

pumps. The particle size is similar to that of the flash chromatography. MPLC used 

more sophisticated apparatus and smaller particles. Pressure typically varies from 3-

50 atm. 

High pressure liquid chromatography (HPLC): 

High pressure liquid chromatography is the most powerful liquid 

chromatographic technique currently available. HPLC also stand for High 

performance Liquid Chromatography. In HPLC columns solid phase with small 

particles with a narrow size distribution are used. Due to the small particle size flow 

resistance is large which requires high pressure (100-300 atm). HPLC utilizes a 

column that holds chromatographic packing material (stationary phase), a pump that 
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moves the mobile phase(s) through the column, and a detector that shows the 

retention times of the molecules. Retention time varies depending on the interactions 

between the stationary phase, the molecules being analyzed, and the solvent(s) used. 

Types of HPLC 

Normal phase chromatography 

In normal phase HPLC (NP-HPLC), polar stationary phase and a non-polar, 

non-aqueous mobile phase are used. It works effectively for separating compounds 

readily soluble in non-polar solvents. Adsorption strengths increase with increased 

analyte polarity, and the interaction between the polar analyte and the polar stationary 

phase (relative to the mobile phase) increases the elution time. 

Reverse Phase chromatography 

In reversed phase HPLC (RP-HPLC) non-polar stationary phase and an 

aqueous, moderately polar mobile phase are used. Most commonly used stationary 

phase is silica treated with RMe2SiCl, where R is a straight chain alkyl group such as 

C18H37 or C8H17. With these stationary phases, retention time is longer for molecules 

which are more non-polar, while polar molecules elute more readily.  

Elution Modes 

Two basic elution modes are used in HPLC.  

Isocratic elution  

The first is called isocratic elution. In this mode, the mobile phase, either a 

pure solvent or a mixture, remains the same throughout the run. A separation in which 

the mobile phase composition remains constant throughout the procedure is termed 

isocratic (meaning constant composition) (Fig 1.10 and 1.11). 
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                    Fig1.10 Analytical HPLC with isocratic mode 

      www.waters.com/waters/nav.htm?locale=en_US 

 

 

 

 

 

 

 

 

               Fig 1.11 Preparative HPLC with isocratic mode 

   www.waters.com/waters/nav.htm?locale=en_US 

Gradient elution  

A separation in which the mobile phase composition is changed during the 

separation process is described as a gradient elution (Snyder and Dolan 2006) (Fig 1.12). 

The two components of the mobile phase are typically termed "A" and "B"; A is the 

"weak" solvent which allows the solute to elute only slowly, while B is the "strong" 

solvent which rapidly elutes the solutes from the column.  
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      Fig 1.12 Analytical HPLC with gradient mode 

    www.waters.com/waters/nav.htm?locale=en_US 

Componenets of HPLC 

HPLC system consists of the following basic components: 

Column 

Analytical and preparative HPLC columns are packed with a variety of 

stationary phases, providing variability in the separation process. 

Solvent reservoir 

Solvent reservoirs hold the solvents used to make up the mobile phase. 

Reservoirs are usually the glass bottles or flasks into which feed lines to the pump are 

inserted.   

Injector 

 In HPLC, sample is introduced into the column through injector. The most 

widely used type of injector is fixed-loop injector.  
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Pump 

 The HPLC pump is operated in either an isocratic or gradient mode. In 

isocratic mode, the mobile phase, either a pure solvent or a mixture, remains the same 

throughout the run. While in gradient mode, the mobile phase composition is changed 

during the separation process. 

Detectors 

 The detector for an HPLC is positioned immediately posterior to the 

stationary phase and it detects the compounds as they elute from the column and 

subsequently signals a peak on the chromatogram. There are many types of detectors 

that can be used with HPLC. Some of the more common detectors include: Refractive 

Index (RI), Ultra-Violet (UV), Diode Array Detector (DAD), Fluorescent, 

Radiochemical, Electrochemical, Near-Infra Red (Near-IR), Mass Spectroscopy (MS), 

Nuclear Magnetic Resonance (NMR), and Light Scattering (LS).  

Diode Array Detector (DAD) 

The most widely used detector for liquid chromatography is UV spectroscopy. 

Diode Array Detector (DAD) is an UV detector which can record UV spectra on line 

in less than 1 sec. The absorbance is measured by a large number of photodiodes, 

each being responsible for a small section of the spectrum. By combining the signals 

of all the diodes the spectrum can be constructed. Modern diode array detectors can 

record good spectra of peaks as small as 0.001AU. The spectra are useful for 

compounds identification and for checking peak purity. 

Objectives of the present study 

The major objective of the present study was isolation and characterization of 

pharmacologically active components from the crude plant extracts using bioassay 

guided fractionation. Different techniques used to achieve the objective of present 

study were pre screening bioassays, solvent partitioning, analytical scale HPLC, 

preparative scale HPLC and spectrophotometry. Screening of selected plant species 

was done by using different bioassays available. The active crude plant extract was 
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fractionated first by solvent partitioning and then by HPLC. Characterization of active 

fractions was done by using spectrophotometer.  
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Medicinal plants have been used for centuries as remedies for human diseases 

because they contain bioactive components of therapeutic value (Nostro et al., 2000). 

The systematic screening of plant species for biological activities and discovering 

new bioactive compounds must be done. For this purpose plant extracts can be 

screened by using several bench top assays such as antibacterial assay, antifungal 

assay, brine shrimp lethality test, crown gall antitumor assay, radish seeds phytotoxic 

assay, DPPH scavenging assay and DNA protection assay.  

Antimicrobials of plant origin are not associated with many side effects and 

have an enormous therapeutic potential to heal many infectious diseases (Iwu et al., 

1999). Therefore, antimicrobial assays are used to screen plants for antimicrobial 

activity.  

The brine shrimp lethality assay is considered a useful tool for preliminary 

screening of plant extracts for toxicity. While screening of plant extracts by using 

crown gall antitumor assay can offer numerous advantages as alternatives to extensive 

animal testing in the search for new anticancer drugs. By using radish seed phytotoxic 

assay new natural herbicides and plant growth regulators from plants can be 

discovered, since these natural products would likely be highly biodegradable, hence 

pose less risk to the environment.  

Reactive oxygen species (ROS), e.g., superoxide radicals, hydroxyl radicals, 

and hydrogen peroxide are the main cause of radical-mediated conditions including 

aging cancer, and cardiovascular disease (Wang, 2004). The search for potent natural 

antioxidants, especially from plant sources has become an important research issue at 

a world-wide level. DPPH scavenging assay and DNA protection assay are used to 

evaluate antioxidant activity of plant extracts. 

Phytochemical analysis of plant extract is necessary to identify the class of 

secondary metabolites present in the plant extracts that could be responsible for 

different biological activities of plant extracts. 
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MATERIALS AND METHODS 

The present research work was carried out in the Molecular Biology 

Laboratory, Department of Biochemistry, Quaid-i-Azam University, Islamabad. A 

brief account of materials as well as procedures used in it is described below. 

2.1 Plant material 

For the present study 4 plant species of medicinal significance (Table 2.1) 

were collected in summer from different places of Pakistan. These were identified by 

Dr. Mir Ajab Khan (Taxonomist), Department of Plant Sciences, Faculty of 

Biological Sciences, Quaid-i-Azam University Islamabad by following Flora of 

Pakistan. The voucher specimens were deposited at the Herbarium of Department of 

Plant Sciences, Quaid-I-Azam University Islamabad.  

2.2 Extraction 

Fresh plant material was taken and kept under shade till drying. Seven plant 

extracts (Table 2.1) from four plant species were prepared according to maceration 

procedure. Plant material was macerated in methanol for 2 weeks at room temperature, 

filtered and concentrated in rotary evaporator at 40C under low pressure. After 

concentrating plant extracts, the extracts were stored at –20ºC. 

 

Plant species Family name 

Season and 

place of 

collection 

Climatic 

conditions Methanolic extracts 
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 Table 2.1 List of plant species with respective plant extracts used for this study 

2.3 Antibacterial assay  

Antibacterial assay was carried out as reported earlier (Ansari et al., 2005). 

Materials required 

Chrozophora 

hierosolymitana 
Euphorbiaceae

Chowk Sarwar 

Shaheed, Thal 

The climate is 

arid (desert) 

subtropical with 

very hot 

summers and 

mild winters 

(L) C. hierosolymitana 

(extract of leaves of C. 

hierosolymitana) 

(R) C. hierosolymitana 

(extract of root of C. 

hierosolymitana 

(S) C. hierosolymitana 

(extract of stem of C. 

hierosolymitana) 

Chrysanthemum 

leucanthemum 
Astraceae 

Mahu dand 

lake, Kalam 

valley 

The region is 

mountainous 

and the hilly 

agricultural 

with extremely 

cold in winter 

and pleasent in 

summer 

(A) C. leucanthemum 

(extract of aerial parts 

of C. leucanthemum) 

Ephedra 

gerardiana 
Ephedraceae 

Upper Mahu 

dand lake, 

Kalam valley 

(S) E. gerardiana 

(extract of stem of E. 

gerardiana) 

(R) E. gerardiana 

(extract of root of E. 

gerardiana) 

Quercus dilatata Fegaceae Madian 

The climate is 

temperate 

( mountainous 

region) with 

coldest winter 

and warm 

summer 

(A) Q. dilatata (extract 

of aerial parts of Q. 

dilatata) 
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Test samples, nutrient agar. (20 g/L), McFarland Barim sulfate turbidity 

standard of 0.5, cultures of bacterial strains, centrifuge machine, sterile normal saline 

solution (0.9% NaCl w/v), sterile cork borer, micropipette, petri dishes (14cm), 

organic solvent (DMSO), thermometer, incubator, standard antibiotics 

(Roxithromycin and Cefixime-USP), spirit lamp.  

Preparation of samples 

 To prepare sample for antibacterial assay 250mg of the each extract was 

dissolved in 10ml of DMSO to get 25mg/ml concentration. This stock solution was 

used for further dilutions with DMSO as shown in table 2.2. Solution of 

Roxithromycin and Cefixime-USP, 2mg/ml in DMSO, were prepared for positive 

control. Pure DMSO was used as negative control. 

Table No. 2.2      Dilution prepared for antibacterial assay 

 

 

 

 

 

 

Preparation of media for bacteria 

1.  Nutrient broth medium (Appendix I) was prepared by dissolving 8.0gm/L 

nutrient broth in distilled water; pH was adjusted at 7.0 and was autoclaved. 

2. Nutrient agar medium (Appendix II) was prepared by dissolving 20gm/L of 

nutrient agar in distilled water; pH was adjusted to 7.0 and was autoclaved. 

McFarland 0.5 BaSO4 turbidity standard 

Concentration 

(mg/ml) 

Stock Solution 

(ml) 

DMSO  

(ml) 

Final 

volume (ml) 

25.00 1.00 0.00 1.0 

20.00 0.80 0.20 1.0 

15.00 0.60 0.40 1.0 

10.00 0.40 0.60 1.0 

07.00 0.28 0.72 1.0 

05.00 0.20 0.80 1.0 

02.00 0.08 0.92 1.0 

01.00 0.04 0.96 1.0 



Chapter 2                                                        Biological assays of crude plant extracts                         

 50

The standard was prepared by adding 0.5ml of 0.048M BaCl2 to 99.5ml 0.36N 

H2SO4. Barium sulfate turbidity standard (4 to 6ml) was taken in screw capped test 

tube and was used to compare the turbidity (Koneman, 1988). 

Microorganisms used 

Six strains of bacteria were used. Three were gram positive, which were 

Staphylococcus aureus (ATCC 6538), Bacillus subtilis (ATCC 6633) and 

Micrococcus luteus (ATCC 10240) and three were gram negative, which were 

Escherichia coli (ATCC 15224), Salmonella setubal (ATCC 19196) and Bordetella 

bronchiseptica (ATCC 4617). Single colony plates of nutrient agar medium for these 

organisms were maintained at 4°C. 

Preparation of inocula 

Autoclaved nutrient broth in test tubes was inoculated with single colony from 

culture plate of organisms and incubated for 24 hours at 37°C. The turbidity of 24 

hours culture was corrected by adding sterile physiological saline until a McFarland 

0.5 BaSO4 turbidity standard [108 colony forming unit (CFU) per mL] was maintained. 

Then this inoculum was used for seeding the nutrient agar. 

Preparation of seeded agar plates 

 Nutrient agar medium was prepared by suspending Nutrient agar (MERCK) 

20gm in 1 liter distilled water; pH was adjusted at 7.0 and was autoclaved. It was 

allowed to cool down to 45°C. Then it was seeded with 10mL of prepared inocula to 

have 106 CFU per ml. Petri plates (14 cm) were prepared by pouring 75 ml of seeded 

nutrient agar and allowed to solidify. Eleven wells per plate were made with sterile 

cork borer (8mm). 

Pouring of test solutions, incubation and measurement of zone of inhibition 

Using Micropipette, 100μl of test solutions was poured in respective wells. 

Eight concentrations of the extract, two solutions for positive control (Roxithromycin 

and Cefixime-USP, one for each) and one for negative control (DMSO) were applied 

to each petri plate. These plates were incubated at 37°C. After 24 hrs of incubation the 
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diameter of the clear zones, showing no bacterial growth, around each well was 

measured. Triplicate plates were prepared for each extract. Mean clear zone of these 

plates was calculated with standard deviation. 

Antibacterial activity of all dilutions of each extracts was determined against 

six bacterial strains. 

2.3.1 Determination of MIC 

The minimum inhibitory concentration (MIC) was determined by agar well 

diffusion (Rios et al., 1988) method. Serial dilutions of each extract (1mg/ml) in 

DMSO were prepared to obtain a 0.1–0.9mg/ml concentration range. A 100 µL of 

each dilution of the extracts was introduced into wells in nutrient agar plates pre 

inoculated with test bacterial strains. The extracts were allowed to diffuse at room 

temperature before incubation at 37 ºC for 24 h. 

2.4 Antifungal assay  

The agar tube dilution method was used for antifungal activity of plant extract 

as reported by Choudhary et al. (1995).  

Microorganisms used 

Seven strains of fungus were used which were Mucor species, Aspergillus 

nigar, Aspergillus flavus, Aspergillus fumigatus, Fusarium moniliforme, Alternaria 

species and Fusarium solani. The fungus was maintained on Sabouraud dextrose agar 

medium at 4°C. 

Preparation of samples 

 The initial concentration i.e., 24mg/mL of each sample for antifungal assay 

was prepared. 66.6μL of this stock solution was used for each test tube containing 

4mL media. Solutions of terbinafine, 12mg/mL in DMSO, were prepared for positive 

control. Pure DMSO was used as negative control. 

Preparation of media for fungus 



Chapter 2                                                        Biological assays of crude plant extracts                         

 52

  Sabouraud dextrose agar (Appendix III) was prepared by dissolving 

6.5gm/100mL in distilled water; pH was adjusted at 5.6. The contents were dissolved 

and dispensed as 4mL volume into screw capped tubes and were autoclaved at 121°C 

for 20 minutes.  

Loading of sample: 

Tubes were allowed to cool to 45 °C and non-solidified SDA was loaded with 

66.6 μL of compound pipette from the stock solution. This gave the final 

concentration of 400 and 200 μg /mL of the crude extract and pure compound 

respectively in media. Tubes were then allowed to solidify in slanting position at 

room temperature. Tubes were prepared in triplicate for each fungus species.  

Inoculation of fungus, incubation and measurement of growth inhibition 

Each tube was inoculated with 4mm diameter piece of inoculums, removed 

from a seven days old culture of fungus. Other media supplemented with DMSO and 

reference antifungal drugs were used as negative and positive control respectively. 

The tubes were incubated at 27-29 °C for 7-10 days. Cultures were examined twice 

weekly during the incubation. Growth in the media was determined by measuring 

linear growth (mm) and growth inhibition was calculated with reference to negative 

control. 

Percentage inhibition of fungal growth = 100- Linear growth in test (mm)      ×100 
                                                                          Linear growth in control (mm) 

2.5 Toxicity testing against brine shrimp  

The method used for brine shrimp lethality bioassay was as reported by 

Mclaughlin (1990).  

Sample preparation  

Samples were prepared by dissolving 20 mg each of the extract in methanol 

(solvent) to make 2mL (10,000ppm) stock solution. From the stock solution further 

concentrations (10,000 ppm, 1000 ppm, and 100 ppm) were made as given in Table 

2.3.  
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Positive control 

As a positive control, MS-222 (tricaine methane sulfonate, Aquatic Eco-

Systems, Inc.), a common fish anesthesizer, was used at concentrations of 1000, 100 

and 10 ppm. 

Table No. 2.3: Dilutions prepared for brine shrimp toxicity assay 

Concentration 

(ppm) 

Stock solution 

(mL) 

Solvent 

(mL) 

Final volume 

(mL) 

10,000 2.00 0.00 2.00 

1000 0.2 1.8 2.00 

100 0.02 1.98 2.00 

Preparation of artificial seawater 

Artificial seawater was prepared by dissolving 28gm commercial sea salt 

(Harvest Co. H. K.) in 1 liter distilled water with continuous stirring. It was aerated 

for two hours by vigorous shaking on magnetic stirrer. 

Hatching shrimps 

Brine shrimp (Artemia salina) eggs (Sera, Heidelberg, Germany) were hatched 

in shallow rectangular dish (22x32 cm) filled with prepared seawater. A plastic 

divider with 2mm holes was clamped in the dish to make two unequal compartments. 

The eggs (about 25mg) were sprinkled in the larger compartment which was darkened 

(covered with aluminum foil), while the smaller compartment was illuminated. After 

24 hours of starting hatching, phototropic nauplii (brine shrimp larvae) were collected 

by pipette from the lightened side having been separated by the divider from their 

shells. 
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Bioassay 

Vials were used for this bioassay. A volume of 0.5mL of the each 

concentration was taken in the vial. Solvent was allowed to evaporate overnight. 

Residue was re-solublized in 2mL of seawater. Ten shrimps were transferred to each 

vial using pasteur pipette, and the volume was raised up to 5mL. It made the 

concentration of each vial 1000ppm, 100ppm, 10ppm, respectively. Three replicates 

were prepared for each concentration. Negative control was prepared by taking 0.5mL 

of solvent (methanol) in vial and methanol was vacuum evaporated. The nauplii can 

be counted macroscopically in the stem of pipette against a light background. The 

vials were maintained under illumination at room temperature 25°C to 28°C. 

Survivors were counted with the aid of 3x magnifying glass after 24 hours.  

ED50 Determination: 

The resulting data was analyzed by probit analysis (Finny, 1971) for the 

determination of ED50 value for the extract. 

2.6 Antitumor Assay  

The potato disc method was used for antitumor activity of plant extract as 

reported by Ferrigini et al., (1982). 

Preparation of bacterial culture 

Luria broth medium (Appendix IV) was prepared by dissolving 25gm/L in 

50mL distilled water; pH was adjusted at 7.0 and was autoclaved in 100mL flask. A 

total of 10μL of 50mg/mL rifampicin from the stock solution was added. In the final 

volume concentration of rifampicin was 10μg/mL. Single colony from culture plate of 

Agrobacterium tumefaciens (At10) was inoculated and culture was grown for 48 

hours at 28°C in shaking incubator. 
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Sample preparation  

Sample was prepared by dissolving 10 mg of methanolic plant extract in 1mL 

of DMSO (10 mg/mL or 10,000 ppm) to make stock solution. From the stock solution 

further dilutions (1000 ppm, 100 ppm) were made as given in Table 2.4. 

Table No. 2.4: Dilutions prepared for antitumor assay 

Concentration 

(ppm) 

Stock solution 

(mL) 

Solvent 

(mL) 

Final volume 

(mL) 

10,000 1.00 0.00 1.00 

1000 0.1 0.9 1.00 

100 0.01 0.99 1.00 

Preparation of inoculum  

To prepare final concentration of 10 ppm, 100 ppm and 1000 ppm, 1.5 mL of 

inoculum was prepared from initial stocks by adding 0.15 mL of each of the stock 

solution in three autoclaved test tubes. Add 0.75 mL of autoclaved distilled water and 

0.60 mL of bacterial culture 

Preparation of control solutions 

In this experiment we used two controls: 

1.    Negative control 

Negative control was prepared by taking 0.15 mL of DMSO in test tube and 

adding 0.60 mL of bacterial culture and 0.75 mL of autoclaved distilled water in it. 

2.   Blank 

Blank as prepared by taking 0.15 mL of DMSO in test tube and adding 1.35 

mL of autoclaved distilled water in it. 

All of the solutions were prepared in Laminar flow hood by considering all 

precautionary measures to avoid contamination. 
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Preparation of agar plates 

Plane agar medium was prepared by dissolving 15 gm/L of plane agar in 

distilled water and was autoclaved. For one plant extract 6 petri plates were used. 

Three plates for each concentration (1000 ppm, 100 ppm, 10 ppm) and three plates for 

three control. 25 mL of 1.5% autoclaved agar solution was poured in each petri plate 

and allowed to solidify. 

Preparation of potato discs 

Surface sterilization of red skinned potato was done in 0.1% mercuric chloride 

solution in 1L beaker for 10 minutes. The red skinned potato was then rinsed thrice 

with autoclaved, distilled water and dried. Cylinders of potato were made with the 

help of sterilized borer. These cylinders were washed in autoclaved distilled water in 

another petri plate. Both ends of these cylinders were cut about 1cm with the help of 

sterilized blade and were discarded. The 5 mm thick discs of these potato cylinders 

were made in petri plates. Discs were washed with autoclaved distilled water and 

placed on solidified agar plates (10 discs per plate). 50μL of inoculum was added on 

the surface of each disc of respective concentration as well as controls. The inoculum 

was allowed to diffuse for 10-20 minutes. The petri plates were wrapped with 

parafilm to make the plates air tight. These petri plates were placed in an incubator at 

28°C for 21 days. The experiment was done in triplicate. 

Staining procedure 

Lugol’s solution was prepared in distilled water (10% KI, 5% Iodine). The 

discs were covered with lugol’s solution for staining purpose and were allowed for 15 

minutes to diffuse. The discs were examined under dissecting microscope with side 

illumination of light. Destained portion of discs were actually tumors. Number of 

tumors per disc was counted. Percentage inhibition for each concentration was 

determined by using the following formula.  

Percentage of inhibition = 100- No of tumor with sample    × 100 
                                                   No of tumor with control 

Twenty percent tumor inhibition was considered significant. 
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2.7 Radish seed Bioassay  

The method for radish seed bioassay was followed as reported by Arzu and 

Camper (2002). 

Preparation of samples 

For radish (Raphanus sativus L.) seed germination, two different parameters 

were determined, namely root length and percent of seed germination. Two different 

concentrations were used for each parameter. 500 mg of the extract was dissolved in 

50 mL of solvent (methanol) to get 10,000 ppm concentration. This stock solution 

was used for further two dilutions with methanol as shown in Table 2.5. Pure 

methanol was used as negative control. 

            Table No. 2.5: Dilutions prepared for radish seed bioassay 

 

 

 

 

 

Surface sterilization of radish seeds 

Surface sterilization of seeds was done in 0.1% mercuric chloride solution in 

1L beaker for 2-3 minutes. Seeds were then rinsed thrice with autoclaved distilled 

water and dried with sterilized blotting paper. 

Bioassay 

In the first experiment for the effect of test extract on radish seedling root 

length, four different concentrations (10,000 ppm, 10,00 ppm, 100 ppm and 10 ppm) 

were used. A volume of 5 ml of each concentration was added to sterilize 10 cm petri 

plates containing a sterilized filter paper (whatman#1). Methanol was evaporated. 

Concentration    

(ppm) 

Stock Solution 

(mL) 

Methanol 

(mL) 

Final volume 

(mL) 

10,000 30.0 00.00 30.0 

75,00 22.5 07.50 30.0 

1,000 03.0 27.00 30.0 

100 0.30 29.70 30.0 

10 0.03 29.97 30.0 
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Then 5 ml autoclaved distilled water was added to each plate. Three replicates were 

prepared for each concentration. For control 5 mL of methanol was added to sterilized 

10 cm petri plates containing a sterilized filter paper (whatman#1).  

 Sterilized twenty radish seeds were placed in each plate. The petri plates were 

incubated in dark at 25°C. Root length was measured with the help of scale after 1, 3 

and 5 days. The experiment was repeated thrice. 

In the second experiment for the effect of test extract on radish seedling 

germination, two different concentrations (7,500 ppm and 1,000 ppm) were used. A 

volume of 5 mL of each concentration was added to sterilized 10 cm petri plates 

containing a sterilized filter paper (whatman#1). Methanol was evaporated. Then 5mL 

autoclaved distilled water was added to each plate. Three replicates were prepared for 

each concentration.  Sterilized 100 radish seeds were placed in each plate. The petri 

plates were incubated in the dark at room temperature, 25±2°C. Germination was 

recorded every day from the 1st to the 5th day. The germinated seeds were removed 

from the plates and counted. The experiment was repeated thrice. The results were 

statistically analyzed using ANOVA and Duncan’s Multiple Range Test.  

2.8. DPPH radical scavenging assay 

DPPH radical scavenging activity of plant extracts was determined according 

to the method reported by Kulisic et al., (2004) with minor modification as follows. 

Sample preparation 

A 1,500 ppm stock solution of each test compound was prepared by dissolving 

1.5 mg of test compound in 1ml of methanol. Two more stock solutions of 750 ppm 

and 325 ppm were prepared from already prepared stock solution of 1,500 ppm (Table 

2.6). 

Negative control: Methanol was used as a negative control. 
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         Table 2.6: Concentrations prepared for DPPH radical scavenging assay 

Concentration 

(ppm) 

Stock Solution 

(mL) 

Methanol 

(mL) 

Final volume 

(uL) 

1,500 600 0 600 

750 300 300 600 

325 150 450 600 

Preparation of DPPH solution 

DPPH solution was prepared by dissolving 32 mg of solid DPPH in 1L of 82% 

methanol and vigorously shaken to completely dissolve crystals. DPPH solution was 

freshly prepared for the assay. It was stored in dark in 4°C refrigerator. 

Assay procedure  

In caped vials 200 µL of each stock solution and methanol in case of negative 

control was mixed with 2.8 mL of 3.2% DPPH. Each concentration was assayed in 

triplicate. Stock solutions of 1500 ppm, 750 ppm and 325 ppm generated final 

concentrations of 100 ppm, 50ppm, and 25 ppm in the reaction mixture respectively. 

Vials were capped and reaction mixture was incubated for 30min at room temperature 

under dark.  

After incubation the reduction in the number of DPPH free radicals was 

measured using a spectrophotometer. The absorbance wavelength was adjusted at 

517nm. Each of the reaction mixture of compound was taken in cuvette and 

absorbance was noted through spectrophotometer. Water was taken as a blank for 

spectrophotometer absorbance readings. Data was displayed on the monitor attached 

with spectrophotometer. 

 The percent scavenging of DPPH free radical for each concentration of compound 

was calculated from the following equation: 

      % scavenging =     absorbance of control- absorbance of test sample      x 100 
                                                            Absorbance of control 
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2.9 Free radical induced oxidative DNA damage analysis 

Determination of antioxidant and prooxidant activity of crude plant extracts 

was conducted according to the reported method (Tian and Hua, 2005) with minor 

modifications.  

Preparation of samples 

Samples were prepared by dissolving 3 mg of the test compound in 1ml of 

methanol. Concentration of this stock solution was 3000 ppm. From this stock 

solution further dilutions (300 ppm, 30 ppm) were prepared (Table 2.7).  

Table 2.7 Concentrations preparation for OH induced DNA damage analysis 

Concentration 

(ppm) 

Stock 

Solution 

(mL) 

Methanol 

(mL) 

Final 

volume 

(uL) 

3,000 500 0 500 

300 50 450 500 

30 5 495 500 

Assay procedure 

A concentration of 2mM FeSO4 was prepared by dissolving 56mg of FeSO4.7 

H2O in 100 ml of distilled water. 30% H2O2 was prepared from 35% H2O2 Plasmid 

DNA, pBR322 was purchased from Fermentas, Germany. Plasmid DNA pBR322 of 

concentration 0.5 µg/µL was diluted two folds (0.5 µg/3µL) using 50 mM phosphate 

buffer (pH 7.4). The reaction was conducted in microeppendroff tubes in a total 

volume of 15 µl. Three microliters of diluted plasmid DNA was transferred to the 

microeppendroff tube followed by 5 µL of stock solution of the test compound at 

three different concentrations. 3000 ppm, 300 ppm, and 30 ppm stock solutions 

generated 1000 ppm, 100 ppm and 10 ppm concentrations in the final reaction 

mixture. Three microliters of 2 mM FeSO4 and 4 µL of 30% H2O2 were added 

successively (Table 2.8).  
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Table 2.8 Final concentrations prepared for OH induced DNA damage analysis 

Stock 

concentration 

(ppm) 

Stock 

solution 

(µl) 

Plasmid pBR322 

Diluted (µl) 

FeSO4 

(µl) 

H2O2 

(µl) 

Final 

concentration 

(ppm) 

3000 5 3 3 4 1000 

300 5 3 3 4 100 

30 5 3 3 4 10 

Treatment pBR322DNA with FeSO4 and H2O2 was used as a positive control (Table 

2.9). 

Table 2.9 Control reaction mixture preparation (15 µl)  

Control 
PO4.buffer 

Plasmid pBR322 

Diluted 
FeSO4 H2O2 

(µl) (µl) (µl) (µl) 

control (X) 5 3 3 4 

negative 

control 

12 3 -  

The reaction mixture was incubated in dark at 37oC for one hour. After 

incubation plasmid DNA was run on 1% agrose gel. Agrose (1g) was taken in 250mL 

flask and then dissolved in 100 ml of 1X TBE buffer (Tris boric acid EDTA) and 

heated in microwave oven to get a homogeneous mixture. After slight cooling to 

bearable temperature, 20 μL of staining agent ethidium bromide was added to agrose. 

After gentle shaking the agrose was poured in the gel tray, and allowed to solidify for 

30 minutes. After solidification the 1X TBE (gel running buffer) was poured to such a 

level that both of the electrodes submerged in buffer. After incubation 3μL of 

bromophenol blue (loading dye) was added to each reaction mixture and then the 

samples were loaded on 0.9% agrose gel wells containing TBE buffer and ethidium 

bromide. Each reaction mixture with controls was run horizontally in TBE buffer at 

100 Volts for 1 hour in an electrophoresis apparatus. The gels were photographed 

under UV light. For each run, a molecular marker (1 Kb ladder), a negative control, 
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hydrogen peroxide treatment, FeSO4 (II) treatment and a positive control were loaded, 

as well as various antioxidant treatments. 

2.10 Phytochemical Analysis 

Qualitative phytochemical analysis of plant extracts was carried out by using 

standard procedures to identify the constituents as described by Edeoga et al. (2005) 

and Parekh and Chanda, (2007). 

Alkaloids: To identify presence of alkaloids 1% HCl was added to the plant extract 

and then warmed and filtered. To 1 ml filtrate 6 drops of Mayor’s 

reagents/Dragendroff reagent were added separately. Creamish precipitate/ orange 

precipitate indicated the presence of respective alkaloids. 

Saponins:  (Frothing test): To detect saponins, the plant extract was boiled in 

distilled water. After cooling it was shaken vigorously to produce stable persistent 

froth. 

Anthraquinones: To check presence of anthraquinones the plant extract was boiled 

with 1% HCl and filtered. To filtrate, benzene was added and was shaken well. The 

benzene layer was removed and 10% NH4OH was added. Formation of pink, violet or 

red colour indicated the presence of anthraquinones. 

Couramins: For couramins analysis, moistened plant extract was taken in a test tube 

and covered with a filter paper moistened with 0.1 N NaOH. The test tube was placed, 

for few minutes, in boiling water. Then the filter paper was removed and examined in 

UV light for yellow florescence to indicate the presence of coumarins.  

Terpenoids: (Liebermann-Burchard reaction): To identify presence of terpenoids 

the plant extracxt was dissolved in chloroform and filtered. To filtrate, equal volume 

of acetic acid and a drop of conc. H2SO4 were added. Blue-green ring indicated the 

presence of terpenoids. 

Flavonoids, Flavones: To detect flavanoids and flavones, the extract was washed 

with petroleum ether. The defatted residue was dissolved in 80% of ethanol and 

filtered. The filtrate was used for the following test; 
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a) About 3 ml of the filtrate was mixed with 4ml of 1% AlCl3 in MeOH in a test 

tube. Formation of yellow colour indicated the presence of flavanols, flavones. 

b)  About 3 ml of the filtrate was mixed with 4ml of 1% KOH. A dark yellow 

colour indicated the presence of flavonoids. 

Tannins: To test tannins plant extract was boiled in distilled water and filterd. Then 

1% FeCl3 was added to the filtrate. Brownish green or a blue-black colouration 

indicated the presence of tannins.  

Phlobatannins: Deposition of a red precipitate when an aqueous extract of each plant 

sample was boiled with 1% aqueous hydrochloric acid was taken as evidence for the 

presence of phlobatinnins. 

Cardiac Glycosides: (Keller – Kiliani Test): To detect cardiac glycosides glacial 

acetic acid and 1% FeCl3 was added to plant extract. Then it was underlayed with 

1mL of conc. H2SO4. Green-blue color indicated the presence of cardiac glycosides. 
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RESULTS 

2.11 Antibacterial activity of crude plant extracts 

Antibacterial activity of all the seven crude plant extracts was carried out 

against six bacterial strains. Three were gram positive, Staphylococcus aureus (ATCC 

6538), Bacillus subtilis (ATCC 6633) and Micrococcus luteus (ATCC 10240) and 

three were gram negative, Escherichia coli (ATCC 15224) and Salmonella setubal 

(ATCC 19196), Bordetella bronchiseptica (ATCC 4617). Zones of inhibition were 

measured (fig. 2.1). All dilutions were made in dimethyl sulphoxide (DMSO). This 

solvent has no inhibitory effects on growth of bacteria. Eight concentrations (max. 

25mg/ml and min. 1mg/ml) of each extract were tested against the six bacterial strains.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.1 Antibacterial activity of (A) Q. diltata against Staphylococcus aureus. 
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 Our results showed that only two ((R) C. hierosolymitana (A) and Q. dilatata) 

out of the seven plant extracts showed antibacterial activity. Methanol extract of (A) 

Q. dilatata was effective against all the bacterial strains tested at all the concentrations 

(Table 2.10). Mean zone of inhibition against Escherichia coli was between 9.30-17 

mm, against S. aureus it was between 9.7-19.8 mg/mL, against Bacillus subtillis, it 

was between 9.7-18.0 mm, against Micrococcus leuteus, it was between 10.2-17 mm, 

against B. bronchiseptica it was between 11.2-22.7 mm (Fig 2.1) and against S. 

setubal it was between 9.3-17.1 mm at concentrations 1mg/ml to 25 mg/ml.  Methanol 

extract of (R) C. hierosolymitana showed activity against three bacterial strains at the 

concentrations 5-25 mg/mL (Table 2.11). Mean zone of inhibition against 

Micrococcus luteus was between 9.27-15.3 mm, against B. bronchiseptica, it was 

between 9.5-15.7 mm and against S. setubal it was between 11.5-17.2 mm at 

concentrations 1mg/ml to 25 mg/ml 

Criteria 

Diameter                      Activity                                                                              

9-12 mm                       Non significant                                                                      

13-15 mm                      Low                                                                                          

16-18 mm                      Good                                                                                  

Above 18 mm                Significant 
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Table 2.10 Activity of (A) Q. dilatata against six bacterial strains (N=3). 

 

** Letters ranging from d to w indicate respective Least Significant Difference rank orders of mean 

values.    Values with similar letters are not significantly different from each other at p > 0.05 

 

 Zone of inhibition (mm)± S.E 

Conc E.  coli S. aur B. sub M. leu B. Bro S. setubal 

1 9.3±0.333 9.7±0.33 9.7±0.33 10.2±0.34 11.2±0.17 9.3±0.33 

2 11.1±0.1 11.3±0.67 11.3±0.88 11.5±0.53 12.8±0.44 11.5±0.76 

5 12.4±0.21 13.3±0.67 13.5±0.79 
12.9opqrst 

±0.95 

15.7efghij 

±1.03 

13opqrs 

±0.78 

7 13.6±0.09 15.2±0.83 13.7±0.33 
13.6lmnopqrs 

±0.83 

16.8defgh 

±1.2 

13.6lmnopqrs

±0.8 

10 14.7±0.15 16.2±0.83 14.5±0.47 
14.9ghijklmno 

±0.95 
18cd ±1.73 

14.2ijklmnopq 

±0.77 

15 15.4±0.15 17.2±0.8 15.7±0.67 
15.2efghijklm 

±0.83 
19.8bc ±1.17 

15.1fghijklmn 

±0.87 

20 16.3±0.15 18.9±1.1 17.2±0.83 
16.4defgh 

±0.75 
21.5ab ±1.47 

16.2defghi 

±0.97 

25 17±0.26 19.8±1.2 18±1 17def ±0.82 22.7a ±1.73 
17.1def 

±1.05 

R 15.3±0.88 27.1±0.93 11.7±0.33 11.5±0.29 33±1 11.7±0.57 

C 35.2±0.44 38.6±3.4 33.3±0.33 31.8±1.32 20.3±0.33 32.5±0.79 

 
 
E. coli:- 

 
 
Escherichia coli 

 
 
B. sub:-

 
 
Bacillus subtillus

 
 
B. bron:-

 
 
Bordetella bronchiseptica

S. aur:- Staphylococcus 
aureus 

M. lut:- Micrococcus luteus S. set:- Salmonella setuball 

Cef.  Cefixime Rox.  Roxithromycin Conc Concentrations
*The data represents the mean values of three replicates         ±  represents standard deviation 
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Table 2.11 Activity of (R) C. hierosolymitana against six bacterial strains 

 
 
** Letters ranging from d to w indicate respective Least Significant Difference rank orders of mean 
values.    Values with similar letters are not significantly different from each other at p > 0.05 

 

Conc. 

Zone of inhibition (mm) 

M. leu S. aur B. sub E. coli B. Bro S. set 

1 

- - - - - - 

2 

- - - - - - 

5 

9.27 w 

±0.27 

- - - 9.5vw 

±0.29 

11.5stuv 

±0.09 

7 

10.6uvw 

±0.32 

- - - 10.8tuvw 

±0.17 

13.1nopqrs 

±0.07 

10 

12.4qrstu 

±0.35 

- - - 12.1rstu 

±0.09 

13.9klmnopqr 

±0.07 

15 

12.7pqrst 

±0.32 

- - - 13.17mnopqrs 

±0.17 

14.6hijklmnop 

±0.06 

20 

14.1jklmnopqr 

±0.2 

- - - 14.7hijklmnop 

±0.3 

16.3defgh 

±0.17 

25 

15.3efghijkl 

±0.17 

- - - 15.7efghijk 

±0.33 

17.2de 

±0.03 

R* 
11.5±0.29 27.1±0.93 11.7±0.33

15.3±0.88 
33±1 

11.7±0.57 

   C** 

31.8±1.32 38.6±3.4 33.3±0.33
35.2±0.44 

20.3±0.33 

32.5±0.79 

E. coli:- Escherichia coli B. 
sub:- 

Bacillus subtillus B. bron:- Bordetella 
bronchiseptica 

S. aur:- Staphylococcus 
aureus 

M. lut:- Micrococcus luteus S. set:- Salmonella setuball 

Cef.  Cefixime Rox.   Roxithromycin Conc Concentrations 
*The data represents the mean values of three replicates         ±  represents standard deviation 
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Statistical analysis    

Factors affecting zone of inhibition 

This analysis was conducted in factorial design (2 X 8 X6X 3) to study effect of two 

plant extracts, concentrations, bacterial strains and their interactions.  

Effect of plant extracts: 

 Significant effect at P<0.05 of the plant extracts was observed on zone of 

inhibition (Table 2.11). (A) Q. dilatata showed higher antibacterial activity than (R) C. 

hierosolymitana. 

Effect of concentrations: 

Effect of concentrations remained significant at P<0.05 (Table 2.12). At the 

concentration of 25mg/mL highest zone of inhibition was observed. 

Effect of bacterial strains: 

 Effect of the bacterial strains remained significant at P<0.05. Highest 

sensitivity was shown by B. bronchiseptica. 

Effect of interaction of plant extracts and concentration: 

 Effect of interaction of two factors i.e. concentration and the plant extracts was 

highly significant at P<0.05. (A) Q. dilatata showed highest antibacterial activity at 

concentration of 25mg/mL. 

Effect of interaction of plant extracts and bacterial strains: 

 Effect of interaction of two factors i.e. the plant extracts and the bacterial 

strains remained significant (P<0.05). B. bronchiseptica showed highest sensitivity 

when treated with (A) Q. dilatata.  
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Effect of interaction of concentrations and bacterial strains: 

Effect of interaction of the other two factors i.e. concentrations and bacterial 

strain was highly significant at P<0.05. At the concentration of 25mg/mL largest zone 

of inhibition was observed against B. bronchiseptica. 

Effect of interaction of plant extracts, concentrations and bacterial strains: 

Interaction effect of the plant extract, concentration and the bacterial strain 

was highly significant at P<0.05. (A) Q. dilatata showed the largest zone of inhibition 

at 25mg/mL against B. bronchiseptica (Table 2.10). With the decrease in 

concentration of (A) Q. dilatata, zone of inhibition decreased significantly. (R) C. 

hierosolymitana showed least zone of inhibition against M. leuteus at concentration of 

5mg/mL (Table 2.11). 

Table 2.12: Analysis of variance for factors affecting zone of inhibition                                          

                                                                   Sum of         Mean          F              P                  

Source of variation                          df      Squares        Square       Value        Value                 

------------------------------------------------------------------------------------------------------

Plant extracts                                   1        267.876       267.876    159.8464   0.0000 

Concentrations                                 5        387.323       77.465     46.2245      0.0000        

Plant extracts × Concentrations       5        2.621           0.524         0.3128                     

Bacterial strains                                2        85.750       42.875        25.5843    0.0000    

Plant extracts × Bacterial strains      2       165.703       82.851        49.4389    0.0000 

Concentrations× Bacterial strains    10      11.010           1.101         0.6570                  

Plant extracts × Concentrations      10       4.762            0.476          0.2841                        

×Bacterial strains                                                                                                               

Error                                                72       120.660       1.676                                               

-------------------------------------------------------------------------------------------------------   

Total                                                107      1045.705                                                             

-------------------------------------------------------------------------------------------------------  

Coefficient of Variation: 8.78%
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2.11.2 Minimum inhibition concentration 

The lowest concentrations, which shows zone of inhibition against bacteria 

was taken as minimum inhibitory concentration (MIC). MIC value of both the 

extracts which showed antibacterial activity was determined. MIC values are shown 

in Table 2.13. 

Table 2.13 MIC of (A) Q. dilatata against six bacterial strains 

 

2.12 Antifungal assay 

All of the seven crude methanol extracts were tested against seven fungal 

strains which were Mucor species (0300), Aspergillus nigar (0198), Aspergillus flavus 

(0064), Aspergillus fumigatus (66), Fusarium moniliforme (0056), Alternaria species 

(0297) and Fusarium solani. Linear growth inhibition was observed. All the plant 

extracts showed low antifungal activity against all the seven fungal strains (Table 

2.14). Antifungal drug terbinafine showed 100% inhibition of linear growth of fungal 

strains (Fig 2.3).  

Percentage inhibition of fungal growth = 100- Linear growth in test (mm)   ×100                         

Linear growth in control (mm) 

 

 

 

Plant extracts 

Minimum inhibition concentration (mg/mL) 

M. leu S. aur B. sub E. coli B. bro S. set 

(A) Q. dilatata 0.4 0.5 0.3 0.2 0.3 0.5 

(R) C. 

hierosolymitana    

4 - - - 4 3 
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Fig 2.2 Antifungal activity of seven plant extracts against Alternaria sp. 1 is (S) E. 

gerardiana, 2 is (R) C. hierosolymitana, 3 is (A) C. leucanthemum, 4 is (S) C. 

hierosolymitana, 5 is (L) C. hierosolymitana, 6 is (A) Q. dilatata, 7 is (R) E. 

gerardiana. 

Criteria for significance: 

Below 40 % Inhibition = Low Activity                                                                                  

40-60 % Inhibition = Moderate Activity                                                                               

60-70 % Inhibition = Good Activity                                                                                         

70 % and above     = Significant Activiy
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Table: 2.14 Antifungal activity of crude plant extracts against seven fungal strains 

Plant extracts 

Percentage inhibition in linear growth 

A. niger A. fum A. flavus F. moni F. solani Mucor sp. Alte sp. 

(L) C. hierosolymitana 

22.08fghijklm 

±2.2 

2.89qr

±2.61 

32.73cdef

±1 

23.48efghijklm 

±2 

18.33ghijklmno

±3.3 

7.14opqr

±3.3 

28.26cdefghi

±5.6 

(S) C. hierosolymitana 

9.09nopqr 

±1.5 

13.77jklmnopqr

±1.92 

27.27cdefghi

±3.1 

16.67hijklmnop 

±7.6 

6.67opqr

±1.7 

14.29jklmnopqr

±7.4 

38.04c

±5.6 

(R) C. hierosolymitana 

34.63cde 

±1.9 

13.04klmnopqr

±3.3 

27.27cdefghi

±4.2 

30.3cdefg

±3.8 

6.67opqr 

±1.7 

7.14opqr

±4.6 

25defghijk

±8.6 

(A) C. leucanthemum 

28.57cdefgh 

±1.5 

28.26cdefgh

±2.5 

27.27cdefghi

±4.8 

34.09cdef

±4.7 

18.33ghijklmno

±9.3 

14.29jklmnopqr

±3.6 

34.78cde

±3.7 

(S) E. gerardiana 

28.57cdefgh 

±0.75 

25.36defghij

±0.7 

20ghijklmn

±8.3 

14.39jklmonopq 

±7.2 

8.33nopqr

±10 

28.57cdefgh

±4.6 

2.17r

±3.7 

(R) E. gerardiana 

22.08fghijklm 

±1.3 

23.91efghijkl

±2.2 

53.94b

±4.4 

19.69ghijklmn 

±4.6 

5pqr 

±2.9 

15.71ijklmnop

±0.8 

36.96cd

±2.2 

(A) Q. dilatata 

22.08fghijklm 

±1.3 

2.17r

±4.5 

27.27cdefghi

±4.5 

25.76defghij

±11 

11.67mnopqr

±4.4 

3.33qr

±1.3 

11.96lmnopqr

±4.9 

Terbinafine 100a±0 100a ±0 100a ±0 100a ±0 100a ±0 100a ±0 100a ±0 
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Statistical analysis   

Factors affecting percentage inhibition of fungal growth 

This study was conducted in factorial experiment (8 X 7 X3) seven plant extracts with 

positive control, fungal strains and their interactions.  

Effect of plant extracts and antifungal drug: 

Significant effect at P<0.05 of the plant extract was observed on percentage of 

inhibition of fungal growth (Table 2.15). Antifungal drug terbinafine (+ve control) 

showed highest antifungal activity. Two plant extracts (R) E gerardiana and (A) C 

leucanthemum showed highest antifungal activity after the positive control. 

Effect of fungal strains: 

Effect of the fungal strain remained significant at P<0.05 see table 3.6. 

Highest percentage of inhibition was observed against A. flavus i.e. A. flavus was 

most sensitive. 

Effect of interaction of plant extracts and fungal strains: 

Effect of interaction of the plant extract and the fungal strain remained 

significant at P<0.05 (Table 2.15). Terbinafine (positive control) showed 100% 

inhibition against all the fungal strains tested. Among all the plant extracts (R) E. 

gerardiana showed highest percentage of inhibition against A. flavus (Table 2.14). 
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Table 2.15  Analysis of variance for factors affecting fungal growth                                                 

                                                           Sum of         Mean               F               P                   

Source of variation                   df      Squares         Square           Value        Value                    

----------------------------------------------------------------------------------------------------       

Plant extracts                              7    118607.214     16943.888    296.4074   0.0000           

Fungal strains                             6      6003.865         1000.644     17.5047     0.0000          

Plant extracts× Fungal strains   42     10043.085         239.121       4.1831     0.0000               

Error                                         112      6402.390          57.164                                               

------------------------------------------------------------------------------------------------------   

Total                                          167    141056.553                                                                

-----------------------------------------------------------------------------------------------------

Coefficient of Variation: 24.92% 

2.13 Toxicity testing against brine shrimp  

The seven methanol extracts were tested against brine shrimp for brine shrimp 

lethality assay. Three of the seven extracts (L) C. hierosolymitana, (R) E. gerardiana, 

and (A) C. leucanthemum exhibited potent cytotoxicity in brine shrimp cytotoxicity 

assay. ED50 in these extracts was quite good ranging from 171.55 to 1078 ppm (Table 

2.16). While rest of the other plant extracts had ED50 more than 1000 ppm.  

Results for percentage mortality of brine shrimp indicate that highest 

percentage mortality was observed at 1000 ppm by most of the extracts tested. 

However, at 100 ppm only two extract (L) C. hierosolymitana and (R) E. gerardiana 

presented significant mortality rate (30% and 40% respectively).  
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Table 2.16. Illustration of percentage mortality of brine shrimps at different 

concentrations of the extracts and respective ED50 value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.14 Antitumor Assay  

An Agrobacterium tumefaciens (At10) strain was used for antitumor assay. 

Tumor formation was observed after 21 day’s incubation period (Fig 2.3). Average 

number of tumors at different concentrations of the methanol extracts is shown in Fig 

2.4. Five of the seven extracts exhibited tumor inhibition at all the three 

Methanol extracts 

Percentage mortality of brine 

shrimps at concentrations 
ED50 (ppm)

1000 ppm 100 ppm 10 ppm 

(L) C. hierosolymitana 80% 30 % 20% 171.55 ppm

(R) C. hierosolymitana 33.3% 26.6% 20% >1000 ppm

(S) C. hierosolymitana 36.6% 20% 20% >1000 ppm

(A) C. leucanthemum 50% 0% 0% 1078 ppm 

(S) E. gerardiana 30% 17% 10% >1000 ppm

(R) E. gerardiana 53.3% 40% 13.3% 523.8 ppm 

(A) Q. dilatata 40% 20% 10% >1000 ppm

MS 222 (Positive control) 100% 100% 100% 4.47 ppm 
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concentrations tested. While (A) C. leucanthemum and (R) E. gerardiana showed 

significant inhibition at two concentrations tested i.e., 1000 and 100 ppm. Tumor 

inhibition was observed in concentration dependant mode. Extract of aerial parts of Q. 

dilatata presented highest percentage of tumor inhibition at all concentrations (Table 

2.17).  

 

 

 

 

Fig 2.3: Effect of (A) Q. dilatata at different concentrations, on inhibition of 

tumor formation, along with control for comparison. 

 

 

 

 

 

 

 

 

Fig 2.4 Average number of tumors at different concentrations of the extracts. 

Values with similar letters are not significantly different from each other at p > 

0.05 
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Table 2.17 Percentage inhibition of tumor formation at different concentrations 

 

 

 

 

 

 

 

 

 

Statistical analysis  

Factors affecting tumor formation: 

This analysis was conducted in factorial design (7 X 4 X 3) to see the effect of 

different plant extracts and concentrations. 

Effect of plant extracts: 

 Significant effect of plant extracts was observed on tumor formation at P<0.05 

(Table 2.18). Most effective result was obtained in case of (A) Q. dilatata as least 

mean number of tumors were observed. While least inhibition was shown by (A) C. 

leucanthemum by showing the highest mean number of tumors formed (Fig 2.4). 

Methanol Extracts 

Percentage tumor inhibition at 

concentrations 
IC50(ppm) 

1000 ppm 100 ppm 10 ppm 

(L) C. hierosolymitana 55.43 47.83 41.30 181 

(S) C. hierosolymitana 58.82 49.41 17.65 246 

(R) C. hierosolymitana 61.96 45.65 35.87 147 

(A) C. leucanthemum 57.61 39.13 6.52 407 

(S) E. gerardiana 55.29 35.29 23.53 567 

(R) E. gerardiana 61.18 35.29 9.41 370 

(A) Q. dilatata 84.78 76.1 64.1 10.7 
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Effect of concentration: 

 Effect of concentration remained significant at P<0.05 (Table 2.18). At 1000 

ppm tumor inhibition remained significant as compared to control values.  

Effect of interaction of plant extracts and concentrations: 

 Effect of interaction of two factors i.e. concentration and plant extracts 

remains significant at P<0.05. Highest tumor inhibition was shown by (A) Q. dilatata 

at 1000 ppm. 

Table 2.18 Analysis of variance of tumor inhibition of compounds  

                                                             Sum of        Mean             F                  P               

Source of variation                     df     Squares       Square          Value         Value                 

--------------------------------------------------------------------------------------------------

Concentration                              3      1196.257       398.752     88.3623   0.0000              

Plant extracts                               6       113.500        18.917        4.1919    0.0005    

Concentration× Plant extracts    18       108.243         6.013        1.3326     0.1675            

Error                                           252      1137.200       4.513                                                     

---------------------------------------------------------------------------------------------------        

Total                                           279      2555.200                                                                                     

-----------------------------------------------------------------------------------------------------

Coefficient of Variation: 36.01% 

2.4.3 Antibacterial activity against A. tumefaciens 

Effect of the extracts on viability of A. tumefaciens was evaluated by using 

agar well diffusion method. No effect on viability of A. tumefaciens was observed in 

case of six extracts. However, (A) Q. dilatata was effective against A. tumefaciens 

and showed significant antibacterial activity (10.3 mm zone at 1000 ppm). 

2.15 Radish seed bioassay  

For radish (Raphanus sativus L.) seed germination, two different parameters 

were determined, namely root length and percent of seed germination. All the crude 



Chapter 2                                                        Biological assays of crude plant extracts                         

 79

plant extracts were tested against radish seed. Seedling root length and percent 

germination inhibition were observed.  

2.15.1 Radish seedling root length 

The effect of four different concentrations (10,000, 1000, 100 and 10 ppm) of 

the plant extracts was studied on root growth inhibition or stimulation of radish 

seedling (Fig 2.5). Radish seeds root length was measured after five day’s period of 

dark treatment. Etiolated seedlings having long radical of different lengths were 

measured; showing differences in time of germination of seedlings with their 

cotyledons attached. 

 

 

 

 

 

 

 

 

 

       Fig 2.5 Radish seed phytotoxicity in terms of root length of (A) Q. dilatata  

All the extracts inhibited root growth at 10,000 ppm. However two of the 

seven extracts i.e., (R) C. hierosolymitana and (A) Q. dilatata had growth stimulation 

effect at 100 and 10 ppm concentrations (Table 2.19 and Fig 2.6). At 100 and 10 ppm 

concentrations of these two extracts, root length of the radish seeds exceeds the length 

of radish seeds without any treatment.  
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Bioassay-guided isolation integrates the processes of separation of compounds 

in a mixture, using various analytical methods, with results obtained from biological 

testing. The process begins with testing an extract to confirm its activity, followed by 

crude separation of the compounds in the matrix and testing the fractions. Selected 

crude plant extracts contain compounds of different polarities, so these extracts first 

fractionate into different partitions by means of solvent partitioning procedure, each 

consisting of almost similar polarity.  

Further fractionation is carried out on the fractions that are determined to be 

active. For this purpose then different partitioned fractions are screened by using 

selected bioassays. The bioassays are selected on the basis of previous screening 

results.  

In this study the crude plant extract of (A) Q. dilatata was selected on the 

basis of antibacterial and antioxidant activities for further studies. Different 

partitioned fractions were screened for antibacterial and antioxidant activities.   

MATERIALS AND METHODS 

3.1 Preparation of fractions 

The crude extract of the most active antibacterial plant, (A) Q. dilatata was 

subjected to bio-guided fractionation by solubilisation in water and sequential 

partition with hexane (5×400 mL), ethyl acetate (5×400 mL), chloroform (3×400 mL), 

acetone (5×400 mL), ethanol (5×400 mL) and 50% methanol (3×400 mL) as indicated 

in fig. 3.1. Each fraction thus obtained, including the final hydromethanol fraction, 

was evaporated to dryness and subjected to bioassays (antibacterial and antioxidant).  

3.2 Antibacterial assay  

Antibacterial assay was carried out as reported earlier (Ansari et al., 2005) and 

described previously (Chapter 2, page no 60-63). For the each phase only one 

concentration i.e., 1mg/mL in dimethyl sulphoxide (DMSO) was tested against the six 

bacterial strains.  
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3.3 DPPH radical scavenging assay 

 DPPH radical scavenging activity of the partitioned fractions was determined 

according to the method reported by Kulisic et al., (2004) with minor modifications as 

described previously (Chapter 2, page no 71-72). 

3.4 Free radical induced oxidative DNA damage analysis 

Determination of antioxidant and prooxidant activity of the partitioned 

fractions was conducted according to the reported method (Tian and Hua, 2005) with 

minor modifications as described previously (Chapter 2, page no 72-74). 

3.5 Phytochemical Analysis 

Qualitative phytochemical analysis of the partitioned fractions was carried out 

by using standard procedures to identify the constituents as reported by Edeoga et al., 

(2005) and Parekh and Chanda (2007) as described previously (Chapter 2, page no 

75-76). 
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Fig 3.1 Scheme of fractions preparation 

Methanol extract 

Aqueous suspension of methanol extract 

Hexane Fraction Aqueous suspension 

Chloroform Fraction Aqueous suspension 

Ethyl acetate Fraction Aqueous suspension 

Acetone Fraction Precipitates 

Ethanol Fraction Precipitates 

50% methanol Fraction 

Washing with hexane 

Washing with ethyl acetate 

Washing with chloroform 

Added equal volume of acetone, centrifuge 

Dissolved in ethanol, centrifuge  

Dissolved in 50% methanol 

Supernatant 
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RESULTS 

3.6 Antibacterial activity of partitioned fractions 

Antibacterial activity of all the six phases of (A) Q. dilatata (hexane, ethyl 

acetate, chloroform, acetone, ethanol and 50% methanol) was carried out against six 

bacterial strains. Three were gram positive, Staphylococcus aureus (ATCC 6538), 

Bacillus subtilis (ATCC 6633) and Micrococcus leuteus (ATCC 10240) and three 

were gram negative, Escherichia coli (ATCC 15224) and Salmonella setubal (ATCC 

19196), Bordetella bronchiseptica (ATCC 4617). Zones of inhibition were measured 

(Fig. 4.1). Only one concentration of each phase i.e. 1mg/mL in dimethyl sulphoxide 

(DMSO) was tested against the six bacterial strains. This solvent has no inhibitory 

effects on growth of bacteria.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.2 Antibacterial activity of partition fractions against S. aureus 

Our results showed that four of the six partition fractions i.e. ethyl acetate, 

acetone, ethanol and 50 % methanol had antibacterial activity against all the bacterial 

strains tested (Table 3.1).   
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Table 3.1 Activity of partitioned fractions against six bacterial strains. 

Partitioned 

fractions 

Zone of inhibition (mm) 

E.  coli S. aurs B. sub M. leu B. bron S. set 

(A) Q. 

dilatata 

9.3l 

±0.333 

9.7kl ± 

0.33 

9.7kl 

±0.33 

10.2jkl 

±0.34 

11.2ghij 

±0.17 

9.3l 

±0.33 

 Hexane - - - - - - 

Ethyl acetate 
11.5fghi

±0.28 

11.2ghij

±0.2 

10.7hijk 

±0.3 

9.7kl

±0.3 

10.7hijk 

±0.3 

10kl

±0.5 

Chloroform - - - - - - 

Acetone 
12.5ef 

±0.3 

13.9d

±0.1 

13.5de

±0.28 

14d

±0.5 

13.7d 

±0.8 

12.3f

±0.3 

Ethanol 
16ab 

±0.6 

16.17ab

±0.17 

14.3cd

±0.7 

15.2bc 

±0.6 

16.17ab 

±0.6 

16.7a

±0.3 

50% 

methanol 

10.5ijk 

±0.3 

11.5fghi

±0.28 

11.7fghi

±0.2 

11.5fghi

±0.3 

12.5ef 

±0.5 

12fg

±0.28 

R 13.5±0.3 25.4±0.3 11.2±0.4 10.8±0.4 31.5±0.8 10.5±0.3

C 32.8±0.4 35.9±0.6 31.8±0.2 29.6±0.4
18.17± 

0.4 
29.5±0.5

 
** Letters ranging from a to k indicate respective Least Significant Difference rank orders of mean 
values.    Values with similar letters are not significantly different from each other at p > 0.05 

 

E. coli:- Escherichia coli B. 
sub:- 

Bacillus subtillus B. bron:- Bordetella 
bronchiseptica 

S. aur:- Staphylococcus 
aureus 

M. lut:- Micrococcus luteus S. set:- Salmonella setuball 

C  Cefixime R  Roxithromycin Conc Concentrations 
*The data represents the mean values of three replicates         ±  represents standard deviation 
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Statistical analysis: 

Factors affecting zone of inhibition 

This analysis was conducted in factorial design (5X 6 X 3).  

Effect of partitioned fractions: 

 Significant effect at P<0.05 of partition fractions was observed on zone of 

inhibition (Table 3.2). The ethanol fraction showed highest antibacterial activity 

followed by the acetone fraction while the plant extract of Q. dilatata showed lowest 

antibacterial activity. 

Effect of bacterial strains: 

 Effect of bacterial strains was non significant at P>0.05 on zone of inhibition.  

Effect of interaction of plant extracts and bacterial strains: 

 Effect of interaction of two factors i.e. plant extracts and bacterial strains 

remained significant (P<0.05) see table 3.2. Ethanol fraction showed highest zone of 

inhibition against S. setubal (Table 3.1). 

Table 3.2 Analysis of variance for factors affecting zone of inhibition 

                                                                       Sum of         Mean          F              P 

Source of variation                               df     Squares        Square       Value     Value 

----------------------------------------------------------------------------------------------------- 

Partition fractions                                  4         396.7          99.2          196.9       0.0000 

Bacterial strains                                     5          9.081         1.816          3.60       0.0064 

Partition fractions X Bacterial stains    20           30.4          1.5             3.0161   0.0005    

Error                                                      60          30.2          0.50 

------------------------------------------------------------------------------------------------------

Total                                                      89         466.5 

------------------------------------------------------------------------------------------------------- 

     Coefficient of Variation: 5.80% 
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3.7 DPPH Free Radical Scavenging Assay 

 The capacity to act as a scavenger of DPPH radical was investigated. 

Antioxidant activity assay was performed after 1 hour incubation with DPPH at room 

temperature. Readings were taken at 517 nm spectrophotometrically. In the presence 

of a free radical scavenger, the free electron becomes paired, resulting in the 

absorption loss and consecutive stoichiometric decolorization from deep violet color 

to yellow color (Fig 3.3). A well known antioxidant ascorbic acid was run as positive 

control. Average percentage scavanging of DPPH at different concentrations of the 

different partition fractions and ascorbic acid is shown in Fig 3.4.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 3.3 Effect of the ethanol fraction at concentrations 25 ppm, 50 ppm and 100 

ppm on DPPH free radical scavenging. 
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Fig 3.4 %age DPPH free radical scavenging activity of partitioned fractions at 

different concentrations (100 ppm, 50 ppm, and 25 ppm) values with similar 

letters do not show significant difference p > 0.05 

Statistical analysis: 

Factors affecting %age scavenging: 

This analysis was conducted in factorial design (6 X 3 X 3) to see the effect of 

different partition fractions and concentrations on percentage scavenging.  

Effect of concentration: 

 Effect of concentration remained significant at P<0.05 (Table 3.3). At 100 

ppm percentage scavenging remained significant as compared to control values. 

Effect of the partitioned fractions: 

 Significant effect (P<0.05) of the partitioned fractions was observed on 

percentage scavenging (Table 3.3). Most effective results were obtained in case of 
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ethanol followed by acetone and ethyl acetate fractions. Least scavenging is shown by 

chloroform fraction. 

Effect of the interaction of partitioned fractions and concentrations: 

 Effect of interaction of two factors i.e. concentration and partition fractions 

remained significant as P<0.05. Highest DPPH radical scavenging activity was shown 

by 100ppm of acetone and ethanol fractions. By statistical analysis it was concluded 

that least scavenging is by chloroform fraction at 25ppm (Fig 3.4).  

Table 3.3 Analysis of variance DPPH scavenging of partition fractions. 

                                                                     Sum of         Mean          F 

Source of variation                             df      Squares        Square       Value     Prob 

----------------------------------------------------------------------------------------------------- 

Partition fractions                                6     22045.543    3674.257    159.2822   0.0000 

Concentrations                                     2      1949.033      974.516     42.2461     0.0000 

Partition fractions X concentrations   12     1232.572      102.714      4.4528      0.0001 

Error                                                    42      968.839        23.068 

------------------------------------------------------------------------------------------------------- 

Total                                                    62     26195.986 

------------------------------------------------------------------------------------------------------- 

Coefficient of Variation: 6.61% 

3.8 Free radical induced oxidative DNA damage analysis 

Antioxidant and prooxidant effects of the partitioned fractions were investigated using 

a free radical-induced oxidative plasmid pBR322 DNA break system in vitro. The 

partitioned fractions were analyzed at three final concentrations i.e. 1000 ppm, 100 

ppm and 10ppm. The OH radical generated from Fenton reaction caused super coiled 

pBR322 plasmid DNA broken into three forms, including super coiled (SC), open 

circular (OC), and linear form (Linear).  Total plasmid DNA damage was observed in 

lane X under the treatment of OH radical generated from the Fenton reaction (positive 

control). Results of partition fractions were compared with the result of pBR322 

plasmid DNA negative control (lane P). The degree of DNA damage was observable 
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from the gel pattern as well as from the intensity of each of SC, OC and linear bands 

formed after each treatment. 

Three of the six partition fractions i.e., hexane, acetone and ethanol showed 

DNA protection activity at 100 and 10 ppm concentrations while at 1000 ppm 

concentration no DNA protection activity observed. Two partitioned fractions i.e., 

ethyl acetate and methanol showed DNA protection activity at 10 ppm and showed no 

DNA protection activity at 100 and 1000 ppm. The chloroform fraction showed DNA 

protection activity at all the three concentrations tested (Fig 3.5). 

a 

   L          P           X          1         2          3           4          5          6          7          8           

9 

 

 

 

L is 1 KB ladder, P plasmid, X is (positive control) pBR322 Plasmid treated with 
FeSO4 and H2O2. Lane 1-3 presents pBR322 Plasmid treated with hexane fraction at 
1000, 100 and 10 ppm. Lane 4-6 presents pBR322 Plasmid treated with ethyl acetate 
at 1000, 100 and 10 ppm. Lane 7-9 presents pBR322 Plasmid treated with chloroform 
at 1000, 100 and 10 ppm. 

b 

   L          P         X         1           2          3         4           5           6         7          8          9 

 

 

L is 1 KB ladder, P plasmid, X is (positive control) pBR322 Plasmid treated with 
FeSO4 and H2O2. Lane 1-3 presents pBR322 Plasmid treated with acetone fraction at 
1000, 100 and 10 ppm. Lane 4-6 presents pBR322 Plasmid treated with ethanol at 
1000, 100 and 10 ppm. Lane 7-9 presents pBR322 Plasmid treated with 50% methanol 
at 1000, 100 and 10 ppm. 

Fig 3.5 Effect of the partitioned fractions on pBR322 Plasmid DNA 
 



Chapter 4                                                                   HPLC analysis of ethanol fraction                               

 104

In bioassay-guided isolation further fractionation is usually carried out on the 

initial fractions that are determined to be active. The process of fractionation and 

biological testing is repeated until pure compounds are obtained. Characterization of 

the pure compound then follows. 

For optimization initially analytical scale HPLC is used and then preparative 

scale HPLC used to isolate purified compounds along with screening for bioactives.  

The present chapter describes results of bioassay guided fractionation of the 

most biologically active ethanol partitioned fraction of (A) Q. dilatata. Ethanol 

partitioned fraction was further fractionated by using preparative HPLC. The fractions 

obtained were screened for antibacterial and antioxidant activities. The active pure 

compounds were characterized by comparing absorption spectra with that of known 

standard compounds. 

MATERIAL AND METHODS 

4.1 HPLC analysis of Ethanol Fraction 

The highly active partitioned fraction (ethanol) was analyzed by HPLC system 

consisting of Agilent 1200 series preparative pump coupled with UV diode array 

detector. 

4.1.1 Anaytical HPLC 

Optimization of mobile phase and wave length for RP- HPLC analysis of 

ethanol fraction of (A) Q. dilatata was done using Zorbax SB-C18 analytical column 

(4.6 X 150mm, 5µm particle size, Agilent, Germany). 

Sample preparation: 

Sample was prepared in methanol at concentration of 25 mg/mL. The sample 

was filtered quickly through a 0.2 µm syringe filter. The injection volume was 20 µL. 
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Optimization of mobile phase and wave length: 

Mobile phases: 

Different mobile phases used for optimization with the isocratic flow kept 

constant at 1 mL/min were as follows:  

a) Methanol: water:  acetonitrile: acetic acid (90:100:10:2). 

b) Acetonitrile: water (85: 15) 

c) Acetonitrile: methanol: water (75: 10: 15) 

d) Methanol: acetonitrile: acetic acid (90: 10: 1) 

e) Acetonitrile: methanol: ethyl acetate: toluene (59: 30: 10: 1) with 0.1% 

triethylamine. 

f) Acetonitrile: water (60: 40) 

g) Acetonitrile: methanol (70: 30) 

Wave length: 

An UV diode array detector was set at five different wave lengths i.e. 230nm, 

235nm, 240nm, 245nm and 250nm. 

4.1.2 Preparative HPLC 

RP- HPLC analysis of ethanol fraction of (A) Q. dilatata was done using 

LiChrospher 100 RP-C18 preparative column (25 X 250 mm, 5µm particle size, 

Merck, Germany).  

Sample preparation: 

The sample was prepared in methanol at a concentration of 50 mg/mL. The 

sample was filtered quickly through a 0.2 µm syringe filter. The injection volume was 

1 mL. 
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Mobile phase and wave length: 

 Acetonitrile: methanol (70: 30) and 230 nm wavelength was selected for the 

preparative HPLC on the basis of results of analytical HPLC. The isocratic flow was 

kept constant at 10 mL/min. 

4.2 Antibacterial assay  

Antibacterial assay was carried out as reported earlier (Ansari et al., 2005) as 

described previously (Chapter 2, page no 60-63). Some modifications were made. 

Filter paper discs of 6 mm diameter containing only one concentration of each 

fraction i.e., 1mg/mL in methanol were tested against the six bacterial strains. A 20 

µL of the prepared concentration of each fraction was applied to a disc. The solvent 

was evaporated and the disc was placed on nutrient agar plates pre inoculated with 

test bacterial strains. 

4.6.1 Determination of MIC 

The minimum inhibitory concentration (MIC) of purified active fractions and 

standard drugs was determined by agar disc diffusion (Rios et al., 1988) method. 

Serial dilutions of purified active fraction and standard drugs were prepared to obtain 

a 0.1–0.9 mg/mL (methanol) concentration range. A 20 µL of each dilution of the 

active fractions was applied to a filter paper disc. The solvent was evaporated and the 

disc was placed on nutrient agar plates pre inoculated with test bacterial strains. The 

extracts were allowed to diffuse at room temperature before incubation at 37 ºC for 24 

h. 

4.3 DPPH radical scavenging assay 

 DPPH radical scavenging activity of the fractions was determined according to 

the method reported by Kulisic et al., (2004) with minor modifications as described 

previously (Chapter 2, page no 71-72). Three concentrations of fractions 10, 5 and 1 

ppm were used. 
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4.4 Free radical induced oxidative DNA damage analysis 

  Determination of antioxidant and prooxidant activity of fractions was 

conducted according to the reported method (Tian and Hua, 2005) with minor 

modifications as described previously (Chapter 2, page no 72-74). Three final 

concentrations of fractions used were 330, 33 and 3.3 ppm. 

4.5 Characterization of the purified active component 

 The purified active component was characterized on the basis of absorption 

spectrum. Absorption spectrum of active subfraction was compared with the 

absorption spectrum of standard compounds. 

Sample preparation  

 Thirty micrograms of the purified active component and each of five standards 

(Quercitrin, Gallic acid, Rutin and Ascorbic acid) were dissolved in 3 mL of methanol 

to prepare 10µg/mL concentration.  

Absorption spectroscopy 

 Absorption spectra of the purified active component and each of five standards 

(Quercitrin, Gallic acid, Rutin and Ascorbic acid) were obtained at 210-900 nm by 

using spectrophotometer coupled with UV-diode array detector (DAD).  
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RESULTS 

4.6 HPLC Fractionation 

By using analytical HPLC, different mobile phases were used for optimization 

of conditions for fractionation with the isocratic flow kept constant at 1 mL/min. 

Ethanol partitioned fraction was resolved in maximum peaks by using acetonitrile: 

methanol (70: 30) as mobile phase at 230 nm. Therefore, this mobile phase was 

selected for the fractionation of ethanol partitioned fraction. 

When ethanol partitioned fraction was eluted by using acetonitrile: methanol 

(70: 30) as mobile phase, seven peaks were observed at 230 nm (Fig 4.1). These seven 

fractions were collected at different retention times shown in Table 4.1. 

Table 4.1 Seven fractions obtained at different retention time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fractions 
Retention times 

(min) 

AM1 3.5—4.6 

AM2 4.6—6.3 

AM3 6.3—6.6 

AM4 6.6—7.2 

AM5 7.2—7.3 

AM6 7.3—8.1 

AM7 8.1—9.5 
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                                                 Retention time (minutes) 

Fig 4.1 Chromatogram obtained for ethanol partition fraction to get seven 

fractions by using preparative HPLC. 

4.7 Antibacterial activity of the fractions 

Antibacterial activity of all the seven HPLC fractions (AM1, AM2, AM3, 

AM4, AM5, AM6 and AM7) was carried out against six bacterial strains using disc 

diffusion assay. Three were gram positive, Staphylococcus aureus (ATCC 6538), 

Bacillus subtilis (ATCC 6633) and Micrococcus leuteus (ATCC 10240) and three 

were gram negative, Escherichia coli (ATCC 15224) and Salmonella setubal (ATCC 

19196), Bordetella bronchiseptica (ATCC 4617). Zones of inhibition were measured 

(Fig. 4.2). Only one concentration of each fraction i.e. 1mg/mL in methanol was 

tested against the six bacterial strains.  

        

 

 

 

 

 

 

Fig 4.2 Antibacterial activity of fractions against Salmonella setubal. 
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       Our results showed that only one of the seven fractions i.e. AM3 had 

antibacterial activity against all the bacterial strains tested (Table 4.2). AM3 showed 

highest antibacterial activity against S. setubal.    

Table 4.2 Antibacterial activity of fractions against six bacterial strains. 

 

 

4.8 DPPH Free Radical Scavenging Assay 

 The capacity to act as a scavenger of DPPH radical was investigated. 

Antioxidant activity assay was performed after 1 hour incubation with DPPH at room 

temperature. Readings were taken at 517 nm wave length. In the presence of a free 

radical scavenger, the free electron becomes paired, resulting in the absorption loss 

and consecutive stoichiometric decolorization from deep violet color to yellow color 

Fractions 
Zone of inhibition (mm) 

E.  coli  S. aur B. sub M. leu B. bro S. set 

AM1 - - - - - - 

AM2 - - - - - - 

AM3 9±0.06 9.3±0.05 9.5±0.1 9±0.2 8±0.05 10.1±0.05 

AM4 - - - - - - 

AM5 - - - - - - 

AM6 - - - - - - 

AM7 - - - - - - 

C 31±0.07 31±0.2 25±0.1 33±0.06 25±0.1 25±0.5 

R 12±0.1 23±0.07 9±0.06 11±0.2 19±0.05 10±0.1 

E. coli:- Escherichia coli B. 
sub:- 

Bacillus subtillus B. bron:- Bordetella 
bronchiseptica 

S. aur:- Staphylococcus 
aureus 

M. lut:- Micrococcus luteus S. set:- Salmonella setuball 

C Cefixime   R Roxithromycine Conc Concentrations 
*The data represents the mean values of three replicates         ±  represents standard deviation 
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occurs (Fig 4.3). A well known antioxidant ascorbic acid was run as positive control. 

Average percentage scavanging of DPPH at different concentrations i.e. of all the 

fractions and ascorbic acid is shown in Fig 4.4. IC50 values for all of fractions were 

calculated including positive control. Lowest IC50 value was 1.71 ppm shown by 

AM2 followed by AM3 and AM4 showing IC50 values 1.93 ppm and 5.49 ppm 

respectively (Table 4.3). While highest IC50 value 13083233 ppm was shown by AM1. 

IC 50 of ascorbic acid was calculated to be 5.54 ppm. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.3 Effect of AM2 fraction at concentrations 1 ppm, 5 ppm and 10 ppm on 

DPPH free radical scavenging. 

 

 

 

 

 

 

 

 
 
 
Fig 4.4 %age DPPH free radical scavenging activity of partition fractions at 
different concentrations (10 ppm, 5 ppm, and 1 ppm) 
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                                           Table 4.3 IC50 value of fractions 

 

 

 

 

 

 

 

 

Statistical analysis: 

Factors affecting %age scavenging: 

This analysis was conducted in factorial design (7 X 3 X 3) to see the effect of 

different fractions and concentrations on percentage scavenging.  

Effect of concentration: 

 Effect of concentration remained significant at P<0.05 (Table 4.4). At 10 ppm 

percentage scavenging remained significant as compared to control values. 

Effect of fractions: 

 Significant effect (P<0.05) of partition fractions was observed on percentage 

scavenging (Table 4.4). Most effective results were obtained in case of AM2, AM3 

followed by AM4. Least scavenging is shown by AM1. 

Fractions IC50(ppm) 

AM1 13083233

AM2 1.71

AM3 1.93

AM4 5.49

AM5 47.01

AM6 11.07

AM7 31.3

Ascorbic acid 5.54
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Effect of interaction of partition fractions and concentrations: 

 Effect of interaction of two factors i.e. concentration and fractions remained 

significant at P<0.05. Highest DPPH radical scavenging activity was shown by 10 and 

5ppm of AM2 and AM3 fractions. Statistical analysis concluded that least scavenging 

was carried out by AM6 at 1ppm (Fig 4.4).  

Table 4.4 Analysis of variance DPPH scavenging of fractions. 

                                           Degrees of     Sum of            Mean            F                         

Source of variation              Freedom       Squares          Square          Value        Prob           

-------------------------------------------------------------------------------------------------------

-Fractions                                 7             28939.059       4134.151    167.8739     0.0000  

Concentrations                          2            18771.394       9385.697    381.1214     0.0000   

Fractions X concentrations      14            11296.305       806.879       32.7646     0.0000               

Error                                         48              1182.073         24.627                                               

Total                                         71             60188.832                                                                    

-------------------------------------------------------------------------------------------------------

Coefficient of Variation: 12.72% 

4.9 Free radical induced oxidative DNA damage analysis  

Antioxidant and prooxidant effects of fractions were investigated using a free 

radical-induced oxidative plasmid pBR322 DNA break system in vitro. The fractions 

were analyzed at three final concentrations i.e. 330 ppm, 33 ppm and 3.3 ppm. OH 

radical generated from Fenton reaction, super coiled pBR322 plasmid DNA was 

broken into three forms, including super coiled (SC), open circular (OC), and linear 

form (Linear).  Total plasmid DNA damage was observed in lane X under the 

treatment of OH radical generated from the Fenton reaction (positive control). Results 

of fractions were compared with the result of pBR322 plasmid DNA negative control 

(lane P). The degree of DNA damage was observable from the gel pattern as well as 

from the intensity of each of SC, OC and linear bands formed after each treatment. 

All the fractions showed DNA protection activity at all the concentrations tested (Fig 

4.5). AM3 showed highest DNA protection at 3.3 ppm and less protection at 33 and 

330 ppm. 
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L is 1 KB ladder, P plasmid, X is (positive control) pBR322 Plasmid treated with 
FeSO4 and H2O2. Lane 1-3 presents pBR322 Plasmid treated with AM1 at 330, 33 and 
3.3 ppm. Lane 4-6 presents pBR322 Plasmid treated with AM2 at 330, 33 and 3.3 
ppm. Lane 7-9 presents pBR322 Plasmid treated with AM3 at 330, 33 and 3.3 ppm. 

b 

  L       P        X       1       2       3        4       5       6        7        8        9      10     11     12 

 

 

 

L is 1 KB ladder, P plasmid, X is (positive control) pBR322 Plasmid treated with 
FeSO4 and H2O2. Lane 1-3 presents pBR322 Plasmid treated with AM4 at 330, 33 and 
3.3 ppm. Lane 4-6 presents pBR322 Plasmid treated with AM5 at 330, 33 and 3.3 
ppm. Lane 7-9 presents pBR322 Plasmid treated with AM6 at 330, 33 and 3.3 ppm. 
Lane 10-12 presents pBR322 Plasmid treated with AM7 at 330, 33 and 3.3 ppm  

Fig 4.5 Effect of the fractions on pBR322 Plasmid DNA 

4.10 HPLC analysis of active fractions  

For further purification the active fractions were selected i.e., AM2 which 

showed antioxidant activity and AM3 which showed antibacterial and antioxidant 

activities. 
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4.10.1 AM2 Fraction 

AM2 fraction was eluted with acetonitrile: methanol (70: 30). Four peaks were 

observed at 230nm (Fig 4.6). Four subfractions were collected at different retention 

times as shown in Table 4.5. 

 

 

 

 

 

                                                      Retention time (minutes) 

Fig 4.6 Chromatogram obtained for AM2 fraction to get four subfractions by 

using preparative HPLC. 

Table 4.5 Four subfractions obtained at different retention time. 

 

 

 

 

4.10.2 AM3 Fraction 

AM3 fraction was eluted with acetonitrile: methanol (70: 30). Three peaks 

were observed at 230nm (Fig 4.7). Three subfractions were collected at different 

retention times as shown in Table 4.6. 

 

 

Sub fractions 
Retention times 

(min) 

AM2a 3.5—4.5 

AM2b 4.5—6.0 

AM2c 6.0—6.9 

AM2d 6.9—7.5 
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Fig 4.7 Chromatogram obtained for AM3 fraction to get three subfractions by 

using preparative HPLC. 

Table 4.6 Three subfractions obtained at different retention time. 

 

 

 

 

 

4.11 Antibacterial activity  

Antibacterial activity of all the three sub fractions (AM3a, AM3b and AM3c) 

of fraction AM3 was carried out against six bacterial strains using disc diffusion assay. 

Three were gram positive, Staphylococcus aureus (ATCC 6538), Bacillus subtilis 

(ATCC 6633) and Micrococcus leuteus (ATCC 10240) and three were gram negative, 

Escherichia coli (ATCC 15224) Salmonella setubal (ATCC 19196) and Bordetella 

bronchiseptica (ATCC 4617). Zones of inhibition were measured (Fig. 4.8). Only one 

concentration of each sub fraction i.e. 1mg/mL in methanol was tested against the six 

bacterial strains.  

AM3a was not soluble in any solvent. Our results showed that AM3b and 

AM3c had antibacterial activity against all the bacterial strains tested (Table 4.7). 

AM3b showed highest antibacterial activity against S. setubal.  

Sub fractions Retention times 

AM3a 3.5—4.5 

AM3b 4.5—6.2 

AM3c 6.2—8.6 
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Fig 4.8 Antibacterial activity of subfractions AM3b and AM3c against 

Salmonella setubal. 

Table 4.7 Antibacterial activity of subfractions against six bacterial strains. 

Sub 

fractions 

Zone of inhibition (mm) 

M. leu S. aur B. sub E. coli B. bro S. set 

AM3a - - - - - - 

AM3b 24±0.05 28±0.05 29±0.03 26±0.06 24±0.04 30±0.03 

AM3c 20±0.05 24±0.04 23±0.1 24±0.07 20±0.03 24±0.02 

C 31±0.07 31±0.2 25±0.1 33±0.06 25±0.1 25±0.5 

R 12±0.1 23±0.07 9±0.06 11±0.2 19±0.05 10±0.1 

 

 

 

 

E. coli:- Escherichia coli B. 
sub:- 

Bacillus subtillus B. bron:- Bordetella 
bronchiseptica 

S. aur:- Staphylococcus 
aureus 

M. lut:- Micrococcus luteus S. set:- Salmonella setuball 

C Cefixime   R Roxithromycine Conc Concentrations 
*The data represents the mean values of three replicates         ±  represents standard deviation 
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4.11.1 Minimum inhibition concentration 

The lowest concentrations, which showed zone of inhibition against bacteria 

was taken as minimum inhibitory concentration (MIC). MIC value of both the active 

fractions which showed antibacterial activity was determined. MIC values are shown 

in Table 4.8. 

Table 4.8 MIC of active subfraction against six bacterial strains 

 

4.12 DPPH free radical scavenging assay 

 The capacity to act as a scavenger of DPPH radical was investigated. 

Antioxidant activity assay was performed after 1 hour incubation with DPPH at room 

temperature. Readings were taken at 517 nm spectrophotometrically. In the presence 

of a free radical scavenger, the free electron becomes paired, resulting in the 

absorption loss and consecutive stoichiometric decolorization from deep violet color 

to yellow color (Fig 4.9). A well known antioxidant ascorbic acid was run as positive 

control. Average percentage scavanging of DPPH at only one concentration i.e. 10 

ppm of all the fractions and ascorbic acid is shown in table 4.9.   

Subfractions 

Minimum inhibition concentration (mg/mL) 

E. coli  S. aur B. sub M. leu B. bro S. set 

AM3b 0.09 0.1 0.1 0.09 0.3 0.07 

AM3c 0.2 0.3 0.5 0.2 0.5 0.5 

Cefixime 0.03 0.01 0.05 0.05 0.8 0.05 

Roxithromycine 0.8 0.1 0.6 0.6 0.07 0.6 
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Fig 4.9 Effect of AM2b at concentrations 10 ppm on DPPH free radical 

scavenging. 

Table 4.9 %age DPPH free radical scavenging activity of subfractions at 10 ppm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Our results showed that AM2b had the highest average percentage scavanging 

of DPPH at 10 ppm concentration. 

 

Sub fraction % scavanging 

AM2a not soluble 

AM2b 45.87 

AM2c 34.57 

AM2d 16.39 

AM3a not soluble 

AM3b 33.43 

AM3c -1.48 

Ascorbic acid 86.45 
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4.13 Characterization of purified active component 

Purified active subfractions were characterized on the basis of absorption 

spectrum. Absorption spectra of three active subfractions are shown in Fig 4.10.  The 

results showed that these three fractions contain independent constituents. Absorption 

spectrum of active subfraction was compared with the absorption spectrum of 

standard compounds.  

 

 

 

 

 

 

                  Fig 4.10 Absorption spectra of AM2b, AM3b and AM3c 

Absorption spectrum of AM2b with absorption spectrum of standard 

compounds is shown in Fig 4.11.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4.11 Comparison of absorption spectrum of AM2b with that of standard 

compounds 
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Absorption spectrum of AM3b with absorption spectrum of standard 

compounds is shown in Fig 4.12.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig 4.12 Comparison of absorption spectrum of AM3b with that of standard 

compounds 

Absorption spectrum of AM3c with absorption spectrum of standard 

compounds is shown in Fig 4.13.  

 

 

 

 

 

 

 

 

 

Fig 4.13 Comparison of absorption spectrum of AM3c with that of standard 

compounds 

 The difference observed in absorbance spectra of all the three fractions 

compared to control indicates that these fractions do not consist of any of the standard 

compounds. 
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Rutin 

Ascorbic acid 

AM3c 

Gallic acid

Quercitrin 

Rutin

Ascorbic acid 



Chapter 5                                                                                                            Discussion 

 122

Medicinal plants always had an important place in the therapeutic armoury of 

mankind. Medicinal plant species all over the world have been playing a vital role in drug 

discovery efforts. Up to 80% of populations in developing countries are totally dependent 

on plants for their primary health care. And despite the remarkable progress in synthetic 

organic chemistry of the twentieth century, over 25% of prescribed medicines in 

industrialized countries derive directly or indirectly from plants (Newman et al., 2000). 

 Scientific analysis of plant components follows a logical pathway. Plants are 

collected either randomly or by following leads supplied by local healers in geographical 

areas where the plants are found. Initial screening of plants for possible antimicrobial 

activities typically begins by using crude aqueous or alcohol extraction and can be 

followed by various organic extraction methods. Since nearly all of the identified 

components from plants are active against microorganisms are aromatic or saturated 

organic compounds, they are often obtained through initial ethanol or methanol extraction 

(Vilegs et al., 1997). Therefore, in the present study, for the preparation of all the seven 

crude extracts (Table 2.1) methanol was used as the extraction solvent. Duraipandiyan et 

al., (2006) studied the antibacterial activity of methanol and hexane extracts of 18 plants, 

in which methanol extract showed significant activity against tested organisms. 

Previously the methanol extract of the stem bark of Tridesmostemon omphalocarpoides 

was found to be active on the nine pathogens studied (Kuete et al., 2006). In another 

study, Shahidi et al., (2004) investigated the antibacterial and antifungal activities of 221 

methanol plant extracts. Eighty one samples showed the antimicrobial activity against at 

least one of the tested organism. Methanol extracts of aerial parts of Seseli libanotis 

showed antibacterial activity against different bacterial strains (Ozturk and Ercisli, 2006), 

while in another study by Falahati et al., (2005) methanol leaf extracts of Eucalyptus 

camaldulensis presented antifungal activity.  

 Beside antibacterial components, methanol extracts have been used for 

identification of other active components as well. In one study the methanolic crude 

extracts of 12 traditionally used Indian medicinal plants were screened for their 

antioxidant, free radical scavenging properties and phytochemicals. The tested plant 

extracts showed promising antioxidant and free radical scavenging activity. 



Chapter 5                                                                                                            Discussion 

 123

Phytochemical analysis of plant extracts indicated the presence of major 

phytocompounds, including phenolics, alkaloids, glycosides, flavonoids, and tannins 

(Aqil et al., 2006). Mohamed (2001) isolated the phenylpropanoid glucosides from the 

methanol extracts of aerial parts of Chrozophora oblique.  

Four plants Chrozophora hierosolymitana, Ephedra gerardiana, Chrysanthemum 

leucanthemum and Quercus dilatata were used in the present study. Methanol extracts of 

these plants were prepared to investigate their pharmacological activities including 

antimicrobial, antitumor, cytotoxicity and antioxidant activities.  

5.1 Biological assays of plant extracts: 

Bioassays guide the discovery of natural drugs. A bioassay plays a very important 

role in the discovery of natural products. First, bioassays are used to detect the bioactivity 

of the crude extracts and the results guide the selection of extracts for further study. Then 

the selected crude extracts are fractionated and screened for biological activities.  

A combination of chemical screening with biological screening is the fastest way 

to arrive at new lead compounds from plants. For many plants there is no relevant 

literature available so, biological activity must be evaluated using more direct methods 

such as pharmacological testing or screening. Overall extracts must be active in at least in 

one of the bioassays adopted in this screening to be used for further studies. 

Antimicrobial activity 

Antibacterial assay of seven crude methanol extracts showed that only two 

extracts; aerial parts of Q. dilatata and roots of C. hierosolymitana had the antibacterial 

activity. Aerial parts of Q. dilatata were effective against all the bacterial strains tested 

i.e., E. coli, B. subtilus, S. aureus, M. luteus, B. bronchiseptica, and S. setubal while root 

extract of C. hierosolymitana showed antibacterial activity against only three bacterial 

strains i.e., M. luteus, B. bronchiseptica, and S. setubal. There have been some reports on 

the antibacterial and antifungal activities of several species of Quercus (Makkar et al., 

1988). Serit et al., (1991) confirmed that the Quercus extract had wide antibacterial 
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activities against both gram positive and gram negative. In another study it has been 

suggested that the antibacterial activity of Q. infectoria against all strains of H. pylori 

could allow its use in the treatment of H. pylori infection (Voravuthikunchai et al., 2006). 

Ethanol extracts of Quercus infectoria Oliv. (Fagaceae) has demonstrated a broad 

spectrum of activity against all bacterial species tested (Voravuthikunchai et al., 2008). 

MIC was determined for all the active extracts against each sensitive strain. MIC was 

different against different strains depending upon the extract and bacterial strain. 

Nakamura et al., (1999) suggested that variation in MIC against bacterial strains of same 

extract can be due to susceptibility testing conditions, physiochemical characteristic of 

the extract and even strain to strain difference. 

None of the seven plant extracts showed significant antifungal activity against the 

seven fungal strains tested. However, moderate to low antifungal activity was observed 

by all plant extracts against seven fungal strains. One plant extract i.e., (R) E. gerardiana 

showed highest activity (53.94%) against A. flavus. In a previous study, Satish et al., 

(2007) tested aqueous extract of fifty-two plants for their antifungal potential against 

eight important species of Aspergillus. Out of 52 plant species, only twelve plant extracts 

showed the antifungal activity. 

Brine shrimp cytotoxic activity 

Beneficial biological activity may be indicated from selected bioassay results; 

however it is important to know the level of general toxicity of plant extracts as well. The 

brine shrimp assay can be used to screen the plant extracts for their general toxicity 

(McLaughlin et al., 1991). Two of the seven extracts presented significant cytotoxicity. 

Highest rate of lethality to brine shrimp was observed in case of leaf extract C. 

hierosolymitana. Toxicity of C. hierosolymiatana has not been reported earlier but 

Chrozophora caused toxicity to wistar rats (Adam et al., 1999). A number of previous 

studies indicated potent cytotoxicity in case of methanol extracts of several plant species, 

as Quignard et al., (2003) identified several cytotoxic plants when 226 methanolic and 

water extracts were screened for cytotoxicity towards brine shrimp larvae.  
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Antitumor activity 

Antitumor potato disc assay is an acceptable tool to primarily screen antitumor 

activity of various crude extracts as well as purified fractions, or synthetic compounds 

regardless of mode of inhibitory action on tumor formation (Ahmad et al., 2007, Ahmad 

et al., 2008, Hussain et al., 2007; Inayatullah et al., 2007). All methanol extracts tested 

exhibited moderate to high rate of inhibition of tumor formation at all tested 

concentrations except (R) E. gerardiana and (A) C. leucanthemum which were not very 

effective at 10 ppm concentration (Table 3). (A) Q. dilatata presented significant 

inhibition of tumor formation but this extract affected the viability of A. tumefaciens 

strain as well. Therefore, in this case tumor inhibition could partly or completely be 

because of antibacterial activity of the extract against A. tumefaciens. However, antitumor 

activity exhibited by other plant extracts is purely because of their antimitotic activity. 

Previously, Galsky et al., (1980) examined the effects of several compounds and plant 

extract on Crown Gall tumor formation and found no effect on bacterial viability 

suggesting their mitotic potential.  

Phytotoxic activity 

Radish seeds have been used in general toxicity studies because of their 

sensitivity to phytotoxic compounds (Einhellig and Rasmussens, 1978) and are a standard 

assay in alleopathic studies (Patterson, 1986). All extracts in this study exhibited toxicity 

in radish seed bioassay at 10,000 and 1000 ppm indicating allellopathic potential of these 

plants. A very interesting feature of the present study is growth stimulation effect of two 

extracts i.e., (R) C. hierosolymitana and (A) Q. dilatata at low concentrations. Our results 

clearly indicated the presence of chemical factors in (R) C. hierosolymitana, and (A) Q. 

dilatata which have growth regulatory effects against other plants such as radish. In 

previous studies too, such plant extracts have been identified which showed growth 

enhancement at lower concentration while growth inhibition effect at higher 

concentration (Tsao et al., 2002 and Inayatullah et al., 2007).   
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Antioxidant activity 

The DPPH test is a non-enzymatic method currently used to provide basic 

information on the ability of extracts to scavenge free radicals. In the present study five 

of the seven methanol extracts tested exhibited moderate to high rate of DPPH 

scavenging activity at all tested concentrations (Fig 3.10). Previously, free radical 

scavenging activity of twelve traditionally used Indian medicinal plants was evaluated 

using diphenyl picryl hydrazyl (DPPH) radicals. Of the 12 plants tested, 7 plants showed 

more than 70% scavenging activity (Aqil et al., 2006). In our results (A) Q. dilatata 

presented significant DPPH scavenging activity at all the three concentrations tested. This 

supports previous reports of Quercus species containing antioxidant components. Even 

though Q. dilatata has never been tested for antioxidant activity before however, Q. ilex 

has been reported to contain ascorbate as the most abundant antioxidant in its leaves 

(García et al., 1999). Therefore, we used ascorbic acid as positive control which showed 

IC50 of 5.54 ppm. Our crude extract of Q. dilatata showed IC50 value 10.52 ppm. 

Previously comparable IC50 values are reported for crude extracts of plants. Nia et al., 

(2004) assessed the anti-oxidant activity of methanol extracts of Sphenocentrum 

jollyanum organs using DPPH. The results indicated the stem bark as the most active 

organ with an IC50 of 1.80 ppm.  

Hydroxyl radical is the most reactive radical known. It can attack and damage 

almost every molecule found in living cells (Halliwell, 1996). Numerous vitamins, 

minerals and other phytochemicals may protect against
 
the damage caused by reactive 

oxygen species (ROS). Several studies have demonstrated that plants produce potent 

antioxidants and represent an important source of natural antioxidants (Santos-Gomes et 

al., 2003; Couladis et al., 2003; Es-Safi et al., 2005). (R) E. gerardiana, (A) Q. dilatata 

and (A) C. leucanthemum showed DNA protection activity at lower concentrations (10 

and 100 ppm) while at 1000 ppm did not show DNA protection activity. It has been 

reported that several chemopreventive agents that are antioxidants at some concentrations 

become prooxidant at other concentrations (Lee and Park, 2003). Therefore, dose 

selection may be very important in the application of antioxidants and the Fenton reaction 

was also proved to be possible in vivo (Meneghini, 1997). Prooxidant and antioxidant 
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effect of chemopreventive agents on DNA may be due to the balance of two activities, 

free radical-scavenging activity and reducing power on iron ions. It seems that the 

predomination of reducing power on iron ions over free radicals scavenging activity can 

results in the prooxidant effect on DNA. Ascorbic acid may also have prooxidant 

properties in the presence of iron. Several mechanisms of ascorbic acid–induced oxidant 

stress have been suggested. As an electron donor, ascorbic acid can maintain iron in a 

reduced state that may then react with H2O2 to form OH (Samuni et al., 1983).· 

Phytochemical analysis 

In the present study, phytochemical analysis showed that alkaloids, saponins, 

anthraquinones, flavonoids, flavones, hydrolysable tannins, and phlobatannins 

(condensed tannins) were present in (R) C. hierosolymitana while saponins 

anthraquinones, terpenoids, flavonoids, flavones, hydrolysable tannins and phlobatanins 

were found in (L) C. hierosolymitana. In (S) C. hierosolymitana, alkaloids, saponins, 

anthraquinones, phlobatannins and cardiac glycosides were present. These results 

supported the findings of Abdel-Sattar (1985) and Hashim et al., (1990) that alkaloid 

ricinine and flavonoids were commonly found in genus Chrozophora. Alkaloids, 

saponins, terpenoids, flavonoids, flavones and hydrolysable tannins were present in C. 

leucanthemum. Previously sesquiterpene lactones (Haruna et al., 1981), flavonoids 

(Wilkomirski and Dubielecka, 1996), flavone and flavanone (Hu et al., 1994) have been 

isolated from Chrysanthemum plants. Our results showed presence alkaloids, saponins, 

terpenoids, flavonoids, flavones, and cardiac glycosides in (S) E. gerardiana while 

terpenoids and cardiac glycosides were absent in (R) E. gerardiana. Presence of alkaloids 

in E. gerardiana was reported by Bown (1995). Ephedrine, the active alkaloid, tannins, 

saponin and flavones were reported earlier in Ephedra plants (Chevallier, 1996). 

Alkaloids, saponins, anthraquinones, terpenoids, flavonoids, flavones, hydrolysable 

tannins and cardiac glycosides were present in Q. dilatata. The presence of terpenoids in 

Q. dilatata has also been reported by Evans (2002). In another study hydrolysable tannins 

were isolated from Quercus species (Nishimura et al., 1984). Therefore, the present 

investigation is in accordance with other reports as Mojab et al., (2003) studied fifty five 

iranian plants and found alkaloids in 39 plants while flavonoids, tannins and saponins 
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were reported in 37, 20 and 44 plants respectively. Hadi and Bremner (2001) studied 100 

plant species for alkaloid and found 23% positive for alkaloids. The differences in 

observations could be because of different species studied or because of environmental 

factors.  

The phytochemicals detected in our extracts are well known for various 

pharmacological activities. For example alkaloids are common antibacterial, antimalarial, 

cytotoxic and anticancerous agents (Wirasathien et al., 2006). Similarly saponins have 

the insecticidal, antibiotic, fungicidal properties (Sparg et al., 2004). Anthraquinones are 

antibacterial, antifungal and cytotoxic agents, while terpenoids are antimalarial and 

antibacterial agents (Kanokmedhakul et al., 2005). Flavonoids have been shown to have 

antibacterial, anti-inflamatory, antiallergic, antineoplastic, antiviral, anti-thrombotic 

antioxidant and vasodilatory activities (Miller, 1996). Tannins have shown potential 

antiviral (Lin et al., 2004), antibacterial (Akiyama et al., 2001) and antioxidant activity 

(Yokozawa et al., 1998). Fifty-one tannins isolated from oriental medicinal herbs were 

evaluated for their antioxidant ability with a 1,1-diphenyl-2-picrylhydrazyl (DPPH) 

radical-generating system. The results showed that tannins are potential free-radical 

scavengers (Yokozawa et al., 1998). Hydrolyzable tannins could cause both double-

strand and single-strand breakages in DNA (Shirahata et al., 1985). In the past few years 

tannins have also been studied for their potential effects against cancer through different 

mechanisms (Bhagavathi, 1999). Cardiac glycosides have the cytotoxic properties and the 

Na__K_-ATPase inhibitory properties (Joseph et al., 2005). These compounds are known 

to have pharmacological activities and therefore are commonly found in medicinal plants. 

Moreover the present study revealed the differences in phytochemistry of 

different extracts of same plants suggesting variation in different tissues. Similar findings 

were reported previously by Evans et al., (2002) that saponins were absent in the leaves 

and florescence of Euphobia hirta but present in little amounts in its roots.  

(A) Q. dilatata showed good antibacterial and antioxidant activities. Furthermore 

its phytochemical analysis in our study indicated presence of promising pharmacological 

components like alkaloids, saponins, anthraquinones, terpenoids, flavonoids, flavones, 
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hydrolysable tannins and cardiac glycosides. Presence of these active compounds in some 

other species of Quercus are reported earlier too. Therefore, this plant extract was 

selected for further purification and isolation of chemical constituents responsible for 

these activities. Such strategy has been used previously, for example extracts of separate 

part of Prismatomeris malayana were analysed for the antiinflammatory activity. The 

leaf extract was then subjected to bioassay guided fractionation (solvent partitioning and 

column chromatography) and isolation based on antiinflammatory activity (Nor Hayati, 

2007).  

5.2 Fractionation of (A) Q. dilatata by solvent partitioning 

The methanol extract of the most antibacterially active plant, Q. dilatata was 

subjected to bio-guided fractionation by solubilisation in water and sequential partition 

with different solvents with increasing polarity; hexane, chloroform, ethyl acetate, 

acetone, ethanol and 50% methanol yielding six fractions. All the fractions were 

subjected to bioassays (antibacterial and antioxidant). Almost similar procedure has been 

used previously. For example, Aladesanmi et al., (2007) partitioned the methanol extracts 

of the two most antimicrobial active plants, T. heudelotti and M. tomentosa successively 

with hexane, chloroform, ethyl acetate and water to obtain their corresponding fractions. 

In another study the antioxidant methanol extract of P. gentianoides (leaves) was 

partitioned into hexane, dichloromethane, and ethyl acetate (Domiänguez et al., 2005). 

Four of the six partition fractions i.e. ethyl acetate, acetone, ethanol and 50 % 

methanol showed antibacterial activity against all the bacterial strains tested whereas the 

hexane and chloroform extracts were inactive. Highest antibacterial activity was shown 

by ethanol fraction. Phytochemical analysis of partitioned fractions showed the presence 

of alkaloids in three fractions in varying amount i.e., ethanol partitioned fraction > 

acetone partitioned fraction > 50% methanol partitioned fraction. Alkaloids are common 

antibacterial agents (Wirasathien et al., 2006). The polarity of the solvent seems to play 

an important role in exhibiting potential antibacterial activity. Similar results were 

reported by Berahou et al., (2007) that only ethyl acetate, butanol and aqueous phases of 

methanol extract of Quercus bark showed antibacterial activity against all the bacterial 



Chapter 5                                                                                                            Discussion 

 130

strains whereas the hexane and dichloromethane phases were almost inactive. Acetone, 

ethyl acetate, 95% ethanol and aqueous extracts of Q. infectoria demonstrated significant 

antibacterial activities against all strains of methicillin-resistant Staphylococcus aureus 

(MRSA) and methicillin-susceptible Staphylococcus aureus (MSSA) (Chusri and 

Voravuthikunchai, 2008).  

The DPPH test is a non-enzymatic method currently used to provide basic 

information on the ability of partitioning fractions to scavenge free radicals. All the 

partition fractions tested exhibited DPPH scavenging activity at all tested concentrations.  

Only one portioned fraction i.e., chloroform partitioned fraction showed lowest 

antioxidant activity. Similar results were reported previously. For example Santos et al., 

(2002) tested the antibacterial activity of Brazilian propolis and fractions against oral 

anaerobic bacteria. None of the assayed fractions was more active than the extract, 

suggesting that the antioxidant activity is probably due to the synergistic effect of several 

compounds. Phytochemical analysis of partitioned fractions showed that terpenoids, 

flavonoids and flavones were present in hexane and ethyl acetate partitioned fractions 

while hydrolysable tannins were found in ethyl acetate, acetone, ethanol and 50% 

methanol partitioned fractions. Previously it has been reported that flavonoids are 

antioxidants (Miller, 1996) and tannins are free radical scavengers (Bekerecioglu et al., 

1998; Marja et al., 1999; Pulido et al., 2000. and Andrea et al., 1998). 

Antioxidant and prooxidant effects of partitioned fractions were investigated 

using a free radical-induced plasmid pBR322 DNA break systems in vitro. Hydroxyl 

radicals are produced in vivo by Fenton type reactions. Three of the six partitioned 

fractions i.e., hexane, acetone and ethanol showed DNA protection activity at 100 and 10 

ppm while at 1000 ppm they did not show any DNA protection activity. Ethanol 

partitioned fraction was particularly strongly positive for hydrolysable tannins. 

Hydrolyzable tannins are interesting compounds as they could even cause both double-

strand and single-strand breakages in DNA (Shirahata et al., 1985).  
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5.3 HPLC analysis of ethanol fraction and characterization of purified active 

subfractions 

HPLC analysis of the highly active partition fraction (ethanol) was done by 

isocratic RP-HPLC system consisting of Agilent 1200 series preparative pump coupled 

with UV diode array detector. HPLC has exclusively been used for isolation and 

identification of active components. For example Qu et al., (2007) isolated six 

isoflavones from Semen sojae praeparatum by using isocratic preparative HPLC. A 

reversed-phase high performance liquid chromatographic method has been used for the 

determination of salvinorin A from tissues of Salvia divinorum (Gruber et al., 1999). 

Proestos et al., (2005) employed RP-HPLC with UV detection for the identification and 

quantification of the phenolic antioxidants, present in methanolic extracts of plants of 

Greek origin. In another study analysis of phenolic acids in Smallanthus sonchifolius was 

done by using HPLC (Jirovsky et al., 2003). Furthermore, HPLC analysis of the crude 

extract of medicinal plants (Tectona grandis, Shilajit and Valerianawallachi) showed 

four different phenolic acids i.e., tannic acid, gallic acid, ferulic acid and caffeic acid 

(Shalini and Srivastava, 2008). 

Ethanol partition fraction was eluted with acetonitrile: methanol (70: 30) and 

seven peaks were observed at 230nm. Seven fractions were collected at different 

retention times. Only one of the seven fractions i.e. AM3 had antibacterial activity 

against all the bacterial strains tested (Table 5.2). AM3 showed highest antibacterial 

activity against S. setubal. While two fractions i.e. AM2 and AM3 showed DPPH 

scavenging activity at all the concentrations tested. Antioxidant and prooxidant effects of 

partitioning fractions were investigated using a free radical-induced plasmid pBR322 

DNA break systems in vitro. Hydroxyl radicals are produced in vivo by Fenton type 

reactions. All the seven fractions showed DNA protection activity at all the 

concentrations tested.   

 RP- HPLC analysis of active fractions AM2 and AM3 was done. When fraction 

AM2 was subjected to RP-HPLC analysis, four subfractions were collected at different 

retention times. While three subfractions were collected in case of fraction AM3. Two of 
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the three subdractions AM3b and AM3c showed antibacterial activity against all the 

bacterial strains tested. Only one of four subfractions AM2b had the highest percentage 

scavenging of DPPH at 10 ppm concentration. 

 Purified active subfraction was charaterized by comparing their absorption spectra 

with that of standard natural products isolated from the plants of same genus. In the 

present study four standard natural compounds used were ascorbic acid, quercitrin, gallic 

acid and rutin. All of them have been reprted previously from genus Quercus i.e., 

ascorbic acid (García et al., 1999), quercitrin (Parker, 1977), gallic acid (Serit et al.,) and 

rutin (Joshi et al., 2000).  

The absorption spectra of the active fractions were different from that of the 

standard compounds previously isolated from the Quercus genus suggesting that these 

are different compounds. However, structure elucidation is required. Antibacterial 

(Güllüce et al., 2004; Andrensek et al., 2004) and antioxidant (Al-Mustafa and Al-

Thunibat, 2008; Chevolleau, 1993, McCune and Johns, 2002) activities of genus Quercus 

were previously reported, yet antibacterial and antioxidant activities of Q. dilatata had 

never been checked before. Thus this is the first report of identification and successful 

isolation of antibacterial and antioxidant compounds from this species. Furthermore, 

these compounds are different from already known constituents of this genus and actually 

could be newly identified compounds. 

Conclusion 

This study provides new scientific information about C. hierosolymitana, C. 

leucanthemum, E. gerardiana and Q. dilatata based on its biological potential and 

phytochemical analysis that has never been reported earlier. (A) Q. dilatata showed 

promising antibacterial and antioxidant activities. Solvent partitioning of (A) Q. dilatata 

revealed six partitioned fractions i.e., hexane, chloroform, ethyl acetate, acetone, ethanol 

and 50% methanol. Ethanol fraction was selected on the basis of results of biological 

assays and phytochemical analysis for further fractionation through RP-HPLC analysis. 

Fractionation of ethanol partitioned fraction revealed seven fractions. The selected active 
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fractions were purified through RP HPLC analysis. The active compounds AM2b, AM3b 

and AM3c were characterized by comparing their absorption spectra with that of the 

standard natural compounds isolated from the genus Quercus. These compounds are 

different from already known constituents of this genus and actually could be newly 

identified compounds. In order to identify the active isolated compounds, NMR and 

crystallography analysis is being carried out at a collaborating institute.  

Future Research 

The compounds isolated from (A) Q. dilatata can be studied in detail for their 

mechanism of action, clinical trials and finger printing. Furthermore two plant extracts 

i.e., (L) C. hierosolymitna and (R) E. gerardiana showed significant brine shrimp 

cytotoxicity activity (IC50 171.55 to 523.8 ppm) and antitumor activity. Results of 

phytochemical analysis of crude extracts of these plants indicated presence of important 

secondary metabolites. These plant extracts can be fractionated in future to isolate active 

components responsible for cytotoxic activity. So that these plants can be a good source 

for compounds with antimitotic activity. In addition to that, the same plant species will be 

collected from different locations to extract compounds identified in this study. It would 

help to study any geographical effect of sample collection on the active constituents of 

these plants.  
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Appendix I 

Nutrient Broth medium: 

a) Peptone from meat   = 5 gm / L 

b) Meat extract             = 3 gm / L 

 
 
 
 
 
 
 

Appendix II 
 

Nutrient agar medium: 

a) Peptone from meat   = 5 gm / L 

b) Meat extract             = 3 gm / L 

c) Agar-agar                 = 12gm / L 
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 Appendix III 

Sabouraud dextrose agar: 

a) Peptone complex   = 10 gm / L 

b) Glucose                 = 40 gm / L 

c) Agar                        =15 gm / L 

 

 

 

Appendix IV 

Luria broth medium: 

a) Bacto Tryptone   = 10gm/L 

b) Yeast Extract      = 5gm/L 

c) NaCl                    = 5gm/L 
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