
 
 
MOLECULAR PROFILING OF BIOACTIVE CONSTITUENTS FROM 

Zizyphus oxyphylla EDGEW. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WAQAR AHMAD KALEEM 
2011 

 
 
 
 
 
 



 
 
 
MOLECULAR PROFILING OF BIOACTIVE CONSTITUENTS FROM 

Zizyphus oxyphylla EDGEW 
 
 
 
 
 
 
 

 
 
 
 
 

Waqar Ahmad Kaleem 
 
 
 
 
 
 
 
 
 
 
 
 

DEPARTMENT OF PHARMACY 
UNIVERSITY OF PESHAWAR 

 
 
 

This thesis submitted to the University of Peshawar in Partial 
fulfillment of the requirements for the degree of Doctor of 

Philosophy in Pharmaceutical Sciences 



 

CERTIFICATE OF APPROVAL 
This thesis titled “Molecular Profiling of Bioactive Constituents from Zizyphus oxyphylla 
Edgew”. Submitted by Waqar Ahmad Kaleem is hereby approved and recommended as 
partial fulfillment for the award of degree of “Doctor of Philosophy in Pharmaceutical 

Sciences”. 

 

 

 

 
 1. Prof. Dr. Muhammad Nisar 
     Research Supervisor                                                          _______________________ 
     Institute of Chemical Sciences 
     University of Peshawar 
 
 
 2. Prof. Dr. Zafar Iqbal 
     Chairman                                                                           _______________________ 
     Department of Pharmacy 
     University of Peshawar 
 
 
 3.  External Examiner                                                         _______________________ 
                                                                                                    
 
 

 
DEPARTMENT OF PHARMACY 

UNIVERSITY OF PESHAWAR 
2011 



 
 

 
 

 
 
 
 

DDeeddiiccaatteedd  
  

TToo  
  

MMyy  PPaarreennttss  



  

vi 
 

TABLE OF CONTENTS 
 

 ABSTRACT ii

 ACKNOWLEDMENT   v

 LIST OF SCHEMES ix

 LIST OF FIGURES        x

 LIST OF TABLES        xiii

 LIST OF ABBREVIATIONS     xv

 LIST OF PUBLICATIONS      xvii

INTRODUCTION 

1.1 General Introduction  1

1.2 Plant Introduction 19
1.2.1 Family Rhamnaceae 19
1.2.2 Genus Zizyphus 19
1.2.3 Zizyphus oxyphylla 20
1.2.4 Literature Survey  21

1.3. Cyclopeptide Alkaloids 28
1.3.1 Classification 28

1.3.2 Distribution of Cyclopeptide Alkaloids 29

1.3.3 Chemical and Physical Properties of Cyclopeptide Alkaloids 29

1.3.4 Extraction and Isolation and structure elucidation of Cyclopeptide 
Alkaloids 

29

1.3.5 Biosynthesis of Cyclopeptide alkaloids  30

1.4 Pharmacological Activities 55
1.4.1 Antibacterial Assay 55

1.4.2 Antifungal Activity 57

1.4.3 Brine Shrimps Lethality Bioassay 59

1.4.4  Insecticidal Bioassay 60

1.4.5 Phytotoxocity Activity 61

1.4.6 Urease inhibitory Bioassay 62

1.4.7. Anti inflammatory Activity 64



  

vii 
 

RESULTS AND DISCUSSIONS 

2.1. Phytochemical Studies 66
2.1.1. Structure elucidation of the isolated compounds 66

2.1.1.1. Structure Elucidation of Compound 1 (Oxyphylline B)  66
2.1.1.2. Structure Elucidation of Compound 2 (Oxyphylline C) 73
2.1.1.3. Structure Elucidation of Compound 3 (+)-R,S Maackiain 79
3.1.1.4. Structure Elucidation of Compound 4 (Oxyphylline D) 82
2.1.1.5 Structure Elucidation of Compound 5 Nummularine-C 87
2.1.1.6. Structure Elucidation of Compound 6 (Nummularine-R)  91
2.1.1.7. Structure Elucidation of Compound 7(-sitosterol)  95
2.1.1.8. Structure Elucidation of Compound 8 (Stigmasterol 3- O- -

glucoside)  
96

3.1.2. Chemical constituents of oily sub-fractions from n-hexane fraction 
as identified through gas chromatography-mass spectrometry (GC-
MS)                                                                             

97

2.2. Pharmacological Studies on Crude Extract and Fractions 100
2.2.1. Antibacterial Assay 100

2.2.1.1 Antibacterial Activity of Stem 100
2.2.1.2. Antibacterial Activity of Leaves 100
2.2.2. Antifungal Activity 102

2.2.2.1. Antifungal Activity of Stem 102
2.2.2.2 Antifungal Activity of Leaves 106
2.2.2.3. Antifungal Activity of Oil Fractions 110
2.2.3. Phytotoxic Activity 113

2.2.3.1 Phytotoxic Activity of Leaves 113

2.2.3.2 Phytotoxic Activity of Stem 116
2.2.3.3. Phytotoxic Activity of Oil Fractions 120
2.2.4. Insecticidal Activity 124

2.2.4.1. Insecticidal activity of leaves 124
2.2.4.2. Insecticidal Activity of Stem 127
2.2.4.3 Insecticidal Activity of oil fractions 128
2.2.5 Brine Shrimp Lethality Bioassay 131

2.2.5.1 Brine Shrimp Lethality Bioassay of leaves 131



  

viii 
 

2.2.5.2 Brine Shrimp Lethality Bioassay of Stem 135
2.2.5.3 Brine Shrimp Lethality Bioassay of Oils Fractions 139
2.2.6. In Vitro Anti Inflammatory Activity 142

2.2.6.1. In Vitro Anti Inflammatory Activity of Leaves 142
2.2.6.2. In Vitro Anti Inflammatory Activity of Stem 144
2.2.7. Enzyme inhibition Assays 146

2.2.7.1. Urease inhibition Assay of Stem 146
2.2.7.2. Urease inhibitory activity of leaves 148
2.2.8. Carbonic Anhydrase Inhibition Assay 149

2.2.8.1. Carbonic Anhydrase Inhibitory Activity of Stem 149
2.2.8.2. Carbonic Anhydrase Inhibition of Leaves 151
2.2.9. Pharmacological activities of isolated compounds 152

2.2.9.1. Anti Bacterial Activity of Isolated Compounds 152
2.2.9.2. Antifungal Activity of Isolated Compounds 153
2.2.9.3. Urease Inhibition Assay of Isolated Compounds  155

EXPERIMENTAL 

3.1. Phytochemical Studies 157
3.1.0. General Notes 157

3.1.1  General Experimental Conditions 157

3.1.2. Collection and extraction of plant material 158

3.1.3. Phytochemical Tests 163

3.1.4. Chemical constituents of the plant 165

3.1.5. Physical and spectroscopic data of the isolated compounds 169

3.1.5.1. Compound 1 (Oxyphylline B) 169
3.1.5.2. Compound 2 (Oxyphylline C) 169
3.1.5.3. Compound 3 (+)-R, S Maackiain 170
3.1.5.4. Compound 4 (Oxyphylline D) 171
3.1.5.5. Compound 5 (Nummularine-C) 172
3.1.5.6. Compound 6 (Nummularine-R 172
3.1.5.7. Compound 7 (-Sitosterol) 173

3.1.5.8. Compound 8 (Stigmasterol 3- O- -glucoside) 174
3.1.6. Identification of the known compounds in fixed oils by GC/MS.  176



  

ix 
 

3.2. Pharmacological Studies (In vitro) 184
3.2.1. Antibacterial Assays 184

3.2.2. Insecticidal Activity 185

2.2.3. Phytotoxic Activity 186

2.2.4 Anti fungal Activity 188

3.2.5. Brine shrimp lethality bioassay 189

3.2.6. In vitro anti-inflammation (Respiratory burst inhibitory assay) 190

3.2.7. Urease Inhibition Assay 191

3.2. 8 Carbonic Anhydrase Inhibition Assay 192

 Conclusion 193

 Future Plan 194

 References 195
 
 



 
 

 

ii 

 

ABSTRACT  

This PhD thesis envisages the phytochemical and pharmacological studies of an 

important member of Rhamnaceae family, Zizyphus oxyphylla Edgew. The main objective 

behind this investigation was to authenticate the folkloric history of this plant. Some of the 

folkloric uses of genus Zizyphus from the available literature include antidiabetic, hepatic 

protective, antioxidant, and antiulcerinic, antibacterial and anticancer while specifically 

Zizyphus oxyphylla is famous for its analgesic, antipyretic and hepatic protective uses. 

Fractions of stem, leaves and roots of Z. oxyphylla were screened for phytochemical 

constituents while fractions of stem and leaves were screened for pharmacological activities. 

This scientific pursuit resulted in some significant findings. The phytochemical studies on Z. 

oxyphylla resulted in isolation and structural elucidation of three new compounds. Two of the 

new compounds were cyclopeptide alkaloids named Oxyphylline B (1) and Oxyphylline C 

(2) while the third new compound was a flavone i.e. (+)-R, S Maackiain (3). Apart from these 

new compounds four other compounds Oxyphylline D (4), Nummularine-C (5), 

Nummularine-R (6), -Sitosterol (7) and Stigmasterol 3- O- -glucosides (8) were also 

isolated. Amongst these known compounds only Nummularine-R (6) was previously isolated 

from Z. oxyphylla while other known compounds were isolated for the first time from this 

plant and thus new source. Oxyphylline B (1), Oxyphylline C (2) and Nummularine-R (6) 

were isolated from the chloroform fraction of stem of Z. oxyphylla. From the 

dichloromethane fraction of roots Oxyphylline D (4) and Nummularine-C (5) were isolated 

while (+)-R, S Maackiain (3), -Sitosterol (7) and Stigmasterol 3- O- -glucoside (8) were 

isolated from the ethyl acetate fraction of leaves of Z. oxyphylla. 

Stem and leaves oils sub fractions, when analyzed by GC-MS, yielded fatty acids, 

lipids, long chain hydrocarbons and long chain ketones. Some major compounds which were 

yielded in high percentage were Heptacosane (10.0782 % in sample WO3), Tetracosane acid, 

methyl ester (9.2234 % in sample WO2), Dotriacontane, 1-Hexacosene and 1-Eicosene 

(6.4403, 6.6830 and 6.1095 respectively in sample WO5), 11decyl Tetracosane, (4.2749 % in 

sample WO1), Azafirin (4.4609 % in sample WO1) and 9-octyl Hexacosane, (3.7489 % in 

sample WO1). While other known compounds below were 3 % concentrations. Few of the 

peaks in gas chromatogram and their respective mass spectral data remained unidentified. 
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As regards to pharmacological studies, some interesting and significant findings were 

obtained. Crude extracts, fraction and some of the isolated compounds were investigated for 

antibacterial, antifungal, toxicity tests (Brine shrimp bioassay, lemna bioassay, insecticidal), 

in vitro anti-inflammatory activity and enzyme inhibition bioassays including urease and 

carbonic anhydrase inhibition bioassays. Only ethyl acetate fraction of leaves showed 

moderate antibacterial activity. Crude extract and n-hexane fraction of leaves and only n-

hexane fraction of stem exhibited 35 % inhibition of fungal growth. Maximum phytotoxic 

activity was revealed by both stem and leaves at the highest concentration used. Crude extract 

of leaves gave the highest inhibition (90 %) while chloroform was the most active fraction of 

stem of Z. oxyphylla. 

Neither of the extracts and subsequent fractions from stem or leaves were able to 

produce an impression as active cytotoxic agent. n-hexane and ethyl acetate fraction of leaves 

exhibited 40 % mortality against Callosobruchus analis. Two fractions of leaves (chloroform 

and n-hexane) gave excellent anti inflammatory activity when screened for in vitro anti- 

inflammatory activity. Polar fractions of stem showed the maximum urease inhibitory 

activity. Ethyl acetate fraction of the stem gave maximum reading of 86.7 % ± 0.03, while 

leaves showed low urease inhibitory activity. Stem and leaves of Z. oxyphylla exhibited low 

to moderate carbonic anhydrase activity. 

Oxyphylline B (1) showed comparatively better antibacterial activities against 

Escherichia coli and Pseudomonas aeruginosa (MIC: 0.1 mg/mL). Oxyphylline C (2) 

showed a lower antibacterial activity as compared to Oxyphylline B. Oxyphylline D (3) 

showed its highest antibacterial activity against E. coli and it lowest antibacterial activity 

against Shigella flexenari. Nummularine-C (5) and Nummularine-R (6) when compared we 

found that Nummularine-C was more active than Nummularine-R in many cases. 

Oxyphylline B (1) showed low activity against Candida albicans. While in the case of 

Oxyphylline C (2) it was found that it was moderately active against three fungal strains i.e. 

C. albicans, Micropspoum canis and Fusarium solani.  

Nummularine-R (6) and Oxyphylline B (1) showed low inhibition of Jake bean 

urease. Both of them gave readings of 35.73 and 34.24 % inhibition. Maximum urease 
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inhibitory activity was shown by Oxyphylline D (3). It inhibited the urease enzyme by 58.21 

%. When IC50 ± SEM value was calculated it came out to be 420.11 ± 1.22 µM. 

New compounds 
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1

1.1.General Introduction 

Relationship between man, life and nature is very old and time tested. Human 

being right from the beginning had three basic requirements or needs .They need food to 

eat, a place to live and to remain fit i.e. to cope successfully with all the ailments disease 

and injuries. So we can say that man needed food shelter and treatment of diseases right 

from the dawn of human history. 

These basic needs force human being to fulfill them. As man is inquisitive in 

nature and wants to know about everything. Therefore this nature of man helped him to 

fulfill these basic needs. It was the surrounding, that man had, upon which it started 

pondering. So plants were the first source that man found to fulfill these basic needs. The 

first human activity regarding to the nature was the study of plants and animal 

particularly for food. By constant observation man was able to know that not all plants 

are beneficial but some of them are harmful also. So by this was man was able to 

distinguish between nutritional and poisonous plants. Some plants were found to have 

specific pharmacological properties such as cathartic, purgative, analgesic. Consequently 

these plants were grouped into specific classes in various pharmacopeias. Thus, drugs 

like henbane, poppy and garlic were in use since 6000 B.C. This was how knowledge of 

drugs came into being and propagated (Cragg and Newman,  2001). 

It has been found that almost 50 % of the drugs in clinical use are derived from 

natural products or its derivatives (Sofowora, 1984; Cowan, 1999). One of the basic 

reasons of this fact is that these natural products have a very good potential of having 

good pharmacological activities. There are certain reasons behind it that plant is used as a 

major source of drugs .firstly  plants produce various bioactive primary and secondary 

metabolites, secondly plants provides platform for synthetic chemist to discover new 

molecules or modify the existing molecules into more effective drugs. So plants form a 

basis for a large number of pharmaceuticals (Farnsworth, 1984). The wide spread use of 

natural products is evident from the fact that according to the estimate of WHO almost 80 

% of the population of developing countries use natural products (Farnsworth et al., 

1985) and 25 % of the population of United States use plant derived 

preparations(Farnsworth and Soejarto, 1991 ). Another proof of the strong part played by 
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natural product is that many life saving drugs such as digoxin, morphine aspirin and 

emetine are still used with the same vigour as used at the time of it discovery. There are 

some drugs which have been derived from plants but still they have not been synthesised 

as given in Table 1. Jiaxiang, 1997 shows various plant species showing different 

therapeutic activities under different groups. 

Table 1. Plant species with therapeutic value under different plant groups. 

S/No Name  Number  

1 Thalophytes  230 

2 Bryophytes  39 

3 Pteridophytes  382 

4 Gymnosperm  382 

5 Angiosperm:  

5a a) Monocotyledones  676 

5b b) Dicotyledones  3495 

5c Total 4877 

 

(Jiaxiang, 1997) 

 

When natural products are defined it is found that anything which is obtained either 

from plants or animals. In other words we can say which is natural, not artificial, which is 

pure and good as the name natural indicates (Schoental, 1965). Nowadays many things 

are included in natural products such as herbs, plant preparation, extracts, tincture, dietary 

supplements, Chinese herbal medicines (Holt and Chandra, 2002). Natural products (NP) 

chemistry has been continuously developed during the past 4 decades. The first 

commercial pure natural product introduced for therapeutic use is generally considered to 

be the narcotic ,morphine, marketed by Merck in 1826 (Newman et al., 2000a). The first 

semi-synthetic pure drug based on a natural product, aspirin, was introduced by Bayer in 

1899. 
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The history of plant used as a source of drug can be broadly divided into following 

periods. 

 Indian  

 Chinese 

 Sumarian 

 Egyptian 

 Assyrian 

These periods were then followed by: 

 Greeco roman 

 Arabian 

 Medieval  

 Modern period.(Chopra et al.,1965) 

Regarding to evolution of drugs (medicines) from plants, since thousands  years 

plants have been used as source of medicines (Samuelsson, 2004) but tea,  poultices, 

powders, astringents  tinctures were the first stage preparation or crude drugs (Balick and 

Cox, 1997) (Samuelsson, 2004). Once this knowledge was learnt, in the beginning it 

propagated from chest to chest. But when this knowledge expanded its borders need was 

felt to save this knowledge in the form of books giving birth to various herbal 

pharmacopoeias.  

Plants have helped human being in all stage during the evolution of human 

civilization. Not only did plants provide food medicines and shelter, it also played an 

important rule in the growth and establishment of various rich cultures and civilization. 

As the growth of nations and civilization depends upon economy, these plants have 

strengthened their growth by helping human economically. We can say that plants have 

helped human being in establishing their identities. Increase in the human population of 

various nations has been supported by plants by providing them with large amount of 

food and drugs for the treatment of various diseases. (Ameenah, 2006) 

The latest and modern system of medicines is the allopathic system which is rooted in the 

traditional medicines system. This allopathic system will result in the discovery of more 
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potent drugs by following the same traditional knowledge and experience .Every society 

in this human world has its own herbal tradition. Modern pharmacognosy is influenced 

too much by the western herbal traditions but there are still other systems which are still 

waiting to be studied. The study of these tradition is necessary and important because it 

can give us a knowledge about how these system were established  and also  can give us 

about the ability of human beings to cope with the biodiversity of nature and to utilize it 

for the their well being. Mostly these systems of drugs are based on superstition and 

witchcraft. Because the people of that time did not know the scientific bases of the 

healing properties of these plants so they believed in black magic. Doctrines such as the 

doctrine of signature and element were the mainstay of these systems (Boehme, 1982). 

According to the signature doctrine shape and color of the plant is indicative of the 

medicinal properties of the plant. It is considered that these plants are the signature of 

God on the earth. Sometimes this doctrine seems to be true such as in the case of 

Chelidonium majus; it has yellow flowers which yield a yellow alkaloid which is used in 

the treatment of jaundice (Gurib-Fakim, 2006). 

Africa is considered as the cradle of human civilization. It has rich flora but with 

globalization and industrialization natural habitat is loosing its shape very quickly 

because. As the African civilization is old so the tradition medicines system is also as old 

as African human civilization but it has one defect that it has not been very well 

documented The African continent is reported to have one of the highest rates of 

deforestation in the world. This loss is all the greater because the continent has a high rate 

of endemism, with Madagascar topping the list at 82% (Green and Sussman, 

1990).African traditional medicinal  system has uniqueness in it self because it also looks 

after the soul along the body to treat diseases. Before giving any medication to the patient 

their psychological treatment is considered necessary. African traditional medicines are 

numerous as shown in Table 3. While Madagascar has contributed Catharanthus roseus 

(rosy periwinkle) and has the potential of contributing more in view of the diversity of 

the flora and fauna ((Neuwinger, 2000; Newman et al., 2000b). 

In American traditional medicines system body and soul were looked after by the 

Sherman also called indigenous healers. For healing a patient or some time whole society 
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shamanic rituals were performed to expel spirits. When early settlers came they learnt 

from the shamanic people. There the use of herbs for the treatment of disease was started 

and thus a system was developed which when recorded came into the from of USP 

United States Pharmacopeia (Fabricant and Farnsworth, 2001).But with the passage of 

time the use of plant as source of drug declined because plant were just considered as a 

source of  pure compounds. Recently, a rise in the use of herbal medicines has been 

noticed but still plant or used mostly for their nutritional value (Pieroni, 2000; Heinrich et 

al., 2004; Gurib-Fakim, 2006). Some of the plants used as drug in American traditional 

system are given in Table 2.  

Probably one of the oldest systems of medicines which are older than Chinese 

system of medicines is the Ayurvedic system. The proof of its tranquility lies in the fact 

that Dioscorides took many of his ideas from this system and also many reference of 

other traditional system have been found in which various drugs of Ayurvedic system 

have been cited (Magner, 1992; Chopra, 2000). Veda which consists of four parts (Rig 

Veda, Sama Veda, Yajur Veda and Atharva Veda), the earliest of which date back to 2 

000 years BC. In Indian system knowledge of medicines was propagated from generation 

to generation in the form poetry.  Poems in rag ved contain the name of thousands of 

plants containing medicinal properties. Some of the plants used in Indian medicines 

system are given in Table 2. 

Chinese civilization is as old as Indian civilization i.e. 5000 years. When Europe 

was passing through dark ages Chinese civilization was at its zenith. Chinese system of 

medicines is based on two theories and five elements (Kapoor, 1990; Patwardhan et al., 

2005). Chinese medicines system was regularized and was written in the period between 

100 and 200 BC. One of the most important books was written in 2500 BP by Emperor 

Shen Nung in which he discussed various herbal medicines. Encyclopedia of Chinese 

materia medica published in 1977, discusses about 6000 medicines out f which 4800 are 

derived from plants, is one of the most complete book of Chinese medicines (Magner, 

1992). Chinese herbs have contributed to the popularity of the tradition medicine in 

almost all continents.  Chinese herbal medicines have specific ingredients in a specific 

fixed ratio and treatment of diseases is detected and diagnosed by checking pulse rate, 
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color of the skin and color of the skin. Various Chinese medicinal plants are described in 

Table 2. 

Ancient Greek scholar like Hippocrates, Aristotle, Theophratus, Dioscorides and 

Galen contributed a lot to the establishment of the Greek tradition system of medicines. 

Rome, published no less than 30 books on these subjects, and is well known for his  

complex prescriptions and formulas used in compounding drugs, sometimes containing 

dozens of ingredients (“galenicals”) (Weiher et al., 1999). 

Table 2. Some medicinal plants used in various tradition systems of medicines. 

African traditional 

system 

Ayurvedic system American 

traditional system 

Chinese traditional

system 

Acacia senegal 
(gum Arabic) 

Azadirachta indica 
(neem) 

Cinchona pubescens
(peruvian bark) 

Angelica 
polymorpha var. 

sinensis (dang gui). 
Agathosma betulina 

(buchu) 
Centella asiatica 

(gotu kola) 
Erythroxylum coca 

(coca) 
Artemisia annua 

(qing hao) 
Aloe ferox (Cape 

aloes) 
Cinnamomum 

camphora 
(camphor) 

Ilex paraguariensis 
(maté) 

Ephedra sinica (ma 
huang) 

Aloe vera 
(north African 

origin) 

Elettaria 
cardamomum (ela 
or cardamomum) 

Myroxylon 
balsamum (tolu 

balsam) 
 

Paeonia lactiflora 
(bai shao yao) 

 

Artemisia afra 
(African 

wormwood) 

Rauwolfia 
serpentina (Indian 

snake root) 

Paullinia cupana 
(guarana) 

 

Panax ginseng 
(ren shen) 

 

Aspalanthus linearis 
(rooibos tea) 

Santalum album 
(sandalwood) 

Peumus 
boldus (boldo) 

 

Rheum palmatum 
(da huang) 

 

Boswellia sacra 
(frankincense) 

Terminalia species 
(myrobolan) 

Psidium guajava 
(guava) 

------ 

Catha edulis (khat) Withania somnifera 
(aswargandh 

Spilanthes acmella 
(Brazilian cress) 

------- 

Commiphora 

myrrha (myrrh) 

Harpagophytum 
procumbens (devil’s 

claw) 

Tabebuia 
mpetiginosa 

(lapacho) 
 

------- 
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Area where the oldest civilization was born is the Middle East. The plants of this 

area has long before domesticated there. In Middle East the herbal knowledge and 

tradition were recorded on clay tablets by Babylonians, Assyrians and Sumerians. Code 

of Hammurabi which was written in 1700 BC is one the important work of this era. 

Actually it is a book containing various civil laws. This book was commissioned by 

Babylonian King it also contains a lot of information about many herbal medicines 

(Spiegel and Springer, 1997).  

One medical handbook” Ebers Papyrus” published by Ebers contains treatment of 

almost all types of diseases. This book has certain prominent features such as it includes 

both symbolic and empirical type of treatment and it has very impressive record of 

diagnostic Precision (Ghalioungui, 1987).  

Before Arabs the traditional system of medicines lacked the facility of privately 

own medical stores. It was Arabs who introduced this tradition in 8th century. At that 

Arab had a prominent quality that they were at the same time philosophers, pharmacists, 

physicians and chemist. Avicenna who was a leading example of this contributed a lot to 

the science medicines and pharmacy. He wrote a book “Canon medicinae” which is 

considered to be an assembly of elements from various other traditional systems. This 

gave rise to another tradition system known as Unani-Tibb (Sheehan and Hussain, 2002).  

Some of the very famous medicinal plant used in the Middle East and Egypt are given as 

following: 

Onion, tragacanth, safflower, caraway, asafetida, henna, opium poppy, Syrian rue, 

almond, pomegranate, damask rose, castor oil plant, toothbrush tree, Senna, sesame, 

ajowan, fenugreek and grape having the following botanical names respectively. 

Allium cepa, Astracantha gummifera, Carthamus tinctorius, Carum carvi, Ferula 

assafoetida, Lawsonia inermis, Papaver somniferum, Peganum harmala, Prunus dulcis, 

Punica granatum, Rosa x damascena , Ricinus communis, Salvadora persica), Senna 

alexandrina, Sesamum indicum, Trachyspermum ammi, Trigonella foenum-graecum  and 

Vitis vinifera ((Padua de et al., 1999; Neuwinger, 2000; Gurib-Fakim, 2006). 

 



 

Introduction   

 
                                   
 
 

8

1.1.1.  Ethno pharmacology-Aims, Objectives and Scope 

As drugs from natural sources (plant and animals) are integral parts of every 

civilization. It has the importance of national heritage. This heritage needs preservation. 

Ethnopharmacology is that discipline which has an objective to protect this heritage from 

being damaged or lost by us and to document it in a proper way. Ethnopharmacology has 

been defined by (Holmstedt, 1991) as, “interdisciplinary scientific exploration of 

biologically active agents traditionally employed or observed by man” 

Ethnopharmacology is mainly concerned with economy and safety profile of drugs. Its 

main objective is to define and determine such method so that various traditional 

medicines of low cost are developed (Plotkin, 1988; Akerele, 1993; Elisabetsky, 1986) 

and also to ensure that these preparation are not harmful to health (Akerele, 1992). So 

ethnopharmacalogy aims at producing cost effective herbal drugs without compromising 

on public health. The scope of the ethno pharmacology is very wide spread. It envisages 

botany, chemistry and pharmacology. Therefore ethnopharmacalogy uses the traditional 

knowledge to know about a drug then by using botanical knowledge to protect it and then 

Phytochemistry to isolate new molecules and last but not the least the knowledge of 

pharmacology to asses the therapeutic behavior of that compound (Bruhn and Holmstedt, 

1981; Holmstedt and Bruhn, 1983). 

From the reports of WHO it is evident that traditional herbal medicines are an 

integral part of the primary health care system. 80 % population of the developing 

countries use herbal medicines fro the treatment of diseases. While in Africa and Asia 

this percentage is 50-80. This has also been reported that 85 % of these traditional 

medicines are from plant origin (Akerele, 1988). In Africa, South and East Asia between 

50-80 % of the population depend on traditional medicines. As many as 35,000 to 70,000 

species of plants are in use for medicinal purpose in the world. In many tropical and sub-

tropical regions, majority of people still rely on herbal medicines for their primary 

healthcare needs. According to Fransworth, 77 % of the 119 biologically active plant 

derived pharmaceuticals used worldwide were discovered as a result of researches on 

plants used in traditional medicine (Farnsworth et al., 1985). Many other compounds 

isolated from traditional medicinal plants are in various stages of development as possible 
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future drugs. In only 23 % of the cases of plant derived drugs, no correlation was found 

between their use as drug and the traditional uses of plants from which they were 

obtained (Farnsworth and Soejarto, 1991). 

Plants produce these valuable chemical compounds as secondary metabolites. 

Actually plant are always is danger from environment, animals and human. As they 

cannot fight by themselves they produce such complex chemical substance that helps 

them to protect them from these potential enemies(Van Wyk  and Gericke, 2000). These 

natural compounds are very unique in structure such a specific stereochemistry and show 

their actions by novel modes (Houghton, 1996). 

According to (Gilani AH and Atta-Ur-Rahman, 2005), the use of plants, plant 

extracts or plant-derived pure chemicals to treat diseases is a therapeutic modality, which 

has stood the test of time”. Some of the examples of recently used drugs that have been 

from plants are Aspirin (antipyretic), atropine, digoxin, morphine (pain killer), quinine, 

reserpine (hypertension) and tubocurarine. Other drugs from plant origin are given in 

Table 3. 

Table 3. Pharmacologically active drugs from plant origin. 

Plant Family Drug Pharmacological 

Activity 

Rauwolfia serpentina Apocynaceae Aesculetin Anti dysentery 

Rauwolfia serpentina Apocynaceae Ajmalicine Anti arrhythmic 

Areca catechu Palmae Arecoline Anthelmintic 

Artemisia annua Compositae Artemisinin Anti malarial 

Atropa belladonna Solanaceae Atropine Anti cholinergic 

Berberis vulgaris Berberidaceae Berberine Amebocidic 

Ardisia joponica Myrsinaceae Bergenin Anti asthmatic 

Ananas comosus Bromeliacea Bromelain Anti inflammatory 

Coffea arabica Rubiaceae Caffeine CNS stimulant 

Cephaelis ipecacuanha Rubianceae Cephaeline Antibiotic 

Erythroxylum coca Erythroxylaceae Cocaine Local anesthetic 

Papaver somniferum Papveraceae Codeine Analgesic 
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Colchicum autumnale  Liliaceae Colchicine Anti inflammatory 

Curcuma longa Zingiberaceae Curcumine Choleretic 

Cynara scolaris Compositae Cynarin Choleretic 

Digitalis purpurea Scrophulariaceae Digoxin Cardiotonic 

Alangium lamavekii Alangiaceae Emetine Anti amoebic 

Ephedra sinica stapf Ephedraceae Ephedrine Anti asthmatic 

Podophyllum peltatum Berberidaceae Etoposide Anti cancer 

Vollota speciosa Amaryllidaceae Galanthamine Analgesic 

Clycyrrhiza glabra Papilonaceae Glycyrrhizin Anti inflammatory 

Simarouba glauca Simaroubaceae Glaucarubin Anti amoebic 

Corydolis fimbrillifera 
Fumariaceae Hydrastine  

Hyoscyamus niger Solanaceae Hyoscyamine Anti cholinergic 

Piper methysticum 
Piperaceae Kawain Tranquilizer 

Ammi visnaga Umbelliferae Khellin Anti asthmatic 

Vinca rosea Apocynaceae Leurocristine Anti cancer 

Lobelia inflate Companulaceae α-Lobeline Respiratory 
stimulant 

Papaver somniferum Papaveraceae Morphine Analgesic 

Corydalis cava Fumariaceae Narcotine Anti tussive 

Corydalis cava Fumariaceae Nicotine Ganglion stimulant 

Strophanthus gratus Apocynaceae Ouabain Cardiotonic 

Papver somniferum Papaveraceae Papaverine Vasodilator 

Carica papaya Caricaceae Papin Anthelmintic 

Hydrangea 

macrophylla 

Saxifragaceae Phyllodulcin Sweetener 

Lupinus pusillus Leguminosae Pachycarpine Cardiac 
insufficiency 

Physostigma 

venenosum 

Leguminosae Physostigmine Cholinergic 

Anamirta cocculus Menispermaceae Picrotoxine CNS stimulant 
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Pilocarpus 

microphyllus 

Rutaceae Pilocarpine Cholinergic 

Podophyllum peltatum Berberidaceae Podophyllotoxin Anti cancer 

Veratrum album Liliacceae Protoveratrine Anti hypertensive 

Veratrum album Liliaceae Pseudoephedrine Anti hypertensive 

Ephedra sinica Stapf Ephedraceae Pseudoephaedrine Anti asthmatic 

Cinchona officinalis Rubiaceae Quinidine Anti arrhythemic 

Cinchona officinalis Rubiaceae Quinine Anti malarial 

Fagopyrum esculentum Polygonaceae Quercertin Capillary protective 

Rauwolfia vomitoria Apocynaceae Rescinnamine Anti hypertensive 

Rauwolfia serpentina Apocynaceae Reserpine Adrenolytic 

Rhododendron molle Ericaceae Rhomitoxine Anti hypertensive  

Fagophrum esculentum Polygonaceae Rutin Anti haemorrhagic 

Podocarpus saligna Taxaceae Saligenin Local anesthetic 

Sanguinaria canadensis Papaveraceae Sanguinarine Anti inflammatory 

Artemisia maritime Compositae Santonin Ascaricide 

Scilla maritime Lilliaceae Scillarens Cardiotonic 

Datura metel Solanaceae Scopolamine Spasmolytic 

Cytisus cancasicus Leguminosae Sparteine Cardiac 
insufficiency  

Cassia acutifolia Leguminosae Sennosides A &B Laxative 

Silybum marianum Compositae Silymarine Anti hepatotoxic 

Strychnos nux-vomica Loganiaceae Strychnine CNS stimulant 

Taxus brerifolia Taxaceae Taxol  Anti cancer 

Theobroma cacao Sterculiaceae Theobromine Vasodilator 

Camellia sinensis Theaceae Theophylline Vasodilator 

Trichosanthes kirilowii Cucurbitaceae Trichosanthin Abortifacient 

Chondodendron 
tomentosum 

Menispermaceae Tubocurarine Muscle relaxant 

Strychnos toxifera Loganiaceae Toxiferine Neuromuscular 
blocker 
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Valeriana officinalis Valerianaceae Valeportiates Sedative 

Vinca rosea Apocynaceae Vincamine Cerebral stimulant 

Catharanthus roseus Apocynaceae Vinblastine Anti cancer 

Cantharanthus roseus Apocynaceae Vincristine Anti cancer 

Postina sativa Umbelliferae Xanthotoxine  Radio protective 

Rauwolfia serpentina Apocynaceae Yohimbine Psychogenic 
impotence 

Duphne genkwa Thymelaceae Yuanhuacine Abortifacient 

 

1.1.2. Drug Discovery from Natural Products 

Plant as source of new therapeutic agent is very much successful as compared 

synthetic sources because it has been found that 1 out of 125 compound derived from 

plant is therapeutically active as compared to the 1:10,000 of randomly synthesized 

chemicals. This is the main advantage that plants have been focused so much to get new 

therapeutically active compounds (Cragg et al., 1997). Drug discovery from plants 

involves various fields and various methods .Selection of plant is one of the important 

step in drug discovery for which need the help and expertise of botanist, ethnobotanist 

and ecologist to select and collect the right specie from right area with right properties 

(Baker et al., 1995). After that isolation and purification of lead compounds from the 

plant is done which requires the services of Phytochemist who extract, purifies and do 

structure elucidation of the lead compound. During all this process he is guided by 

pharmacologist as his isolation is bioactivity guided. While for discovery of new 

molecular targets molecular biologist plays an important role also. 

Drug discovery from plant origin is somewhat tiresome and time consuming. 

Therefore this disadvantage has limited the use of plants. Many research groups and 

pharmaceutical industries try to avoid the drug discovery from plant rather they prefer 

synthetic means (Butler, 2004; Koehn and Carter, 2005). Drug discovery from plants 

faces many problems. One of the most important challenges that are faced is the 

improvement of quality and quantity of the drugs from plant. This area needs a constant 

focus of the experts of that area i.e. Pharmacognosists, Phytochemist, and other natural 
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product scientists to keep up pace with other sources(Butler, 2004). Too much money and 

time is spent fro a new drug to be launched in the market. Approximately it takes 10 

years upward (Reichert, 2003) and cost more than 80 million US Dollars (Dickson and 

Gagnon, 2004).it has been found that 1 out of 5000 molecules passes the stage of clinical 

trials while other fail at some stage of drug discovery. Drug discovery involve the 

following steps as shown in Figure 1. 

 Lead identification ( it includes target based-bioassays, in vitro bioassay) 

 Lead optimization (involving medicinal and combinatorial chemistry) 

  Lead development (including toxicology, pharmacology, pharmacokinetics, 

ADME  and delivery) 

 Clinical trials 

 

Figure 1. Medicinal plant drug discovery process and development  
(Balunas and Kinghorn, 2005) 
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Various new techniques are used for the discovery of new drugs from natural 

source. Methodologies used for the biological screening of plant material, plant 

preparations, extract and compounds has given a new dimension to the process of drug 

discovery because it is very much target oriented. Similarly new chemical methods are 

also used for the isolation of lead compounds. When both screening techniques and 

modern isolation techniques when combined pave the way fro the discovery of such led 

compounds which can easily become new drugs for the treatment of diseases (Robert, 

1996).  During drug discovery many new horizons are opened. Natural products are the 

source of new drugs which are used in various types of conditions such as cancer, 

injuries, fever and bacterial infections etc. In the years from 1987 to 2001 almost 87 % of 

the drugs were from plant origin which contributed about 61 % in the antibacterial area, 

31 % in cancer area. All these are either from natural product or the natural products are 

molded to form bioactive moieties (Newman et al., 2000a). 

Natural products are successful source of new drugs. It is because of the fact that 

natural products have a very unique and complex structure but due to this complexity of 

stricture they are not difficult to synthesize in laboratory for further structure activity 

relationship. This is why mostly natural product research is based on the semi synthetic 

and microbial transformation approaches (Weist and Sussmuth, 2005). The next 

breakthrough in drug discovery was use of mechanism based screening for bioassay-

guided fractionation. Through continual improvement of screening formats, reagent 

production, robotics, and data management, mechanism-based screening then becomes 

the mainstay of high throughput screening (HTS)(Tobert, 2003). 

Combinatorial chemistry has revolutionarised the field of drugs discovery by 

providing large libraries of compound which are then screened by HTS (Balkenhohl et 

al., 1996; Lee and Breitenbucher, 2003). As   the screening of extract is more problematic 

as compared to the screening of the pure compounds (Newman et al., 2000a)  therefore 

pharmaceutical companies have somewhat decreased the use of natural products for the 

drug discovery. The expected surge in productivity, however, has not materialized, and 

the number of new active substances (NASs), also known as New Chemical Entities 

(NCEs), has hit a 20-year low of 37 in 2001, and is still declining. As reported by Class, 
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FDA "had received 16 New Drug Applications (NDA) in 2001, down from 24 the 

previous year"(Breinbauer et al., 2002; Class, 2002). 

 

The approach adopted to obtain new lead compounds from medicinal plants used 

by traditional healers involves interdisciplinary work in botany, chemistry, pharmacology 

and toxicology.  

 Selection of plant either by ethno pharmacological knowledge or resource based. 

 Collection of plant, botanical identification and submission of specimen in 

herbarium. 

 Drying and grinding of plant material. 

 Extraction with suitable solvents and preliminary analysis such as toxicology of 

crude extract. 

 Biological and pharmacological screening of crude extracts with low or no 

toxicity. Special in vitro or in vivo tests to detect the activity anticipated from the 

use of the plant in traditional medicine. 

 Bioactivity guided fractionation of the biologically active crude extract. Each 

fraction is tested for the main effect that was found in step 3 and purification of 

the most biologically active fraction is then carried out. 

 Isolation and identification of active compound(s). 

 Toxicity and Pharmacological screening of pure compound(s) in vitro and then in 

vivo. 

 If Promising pharmacological activities, then partial or total synthesis, 

combinatorial chemistry or biotechnological approach. 

 Pre-clinical trials. If passed then submitted for clinical trials. 

 If approved then authorized for marketing. 

Several herbal remedies used for centuries by have shown excellent results in clinical 

studies that are either better or as good as currently available single compound drugs, 

leading to the availability of worldwide marketed herbal medicines. These include the 

herbal drugs given in Table 4. 
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Table 4: List of some commonly used herbal medicines. 

S/No Common name Botanical name Used for 

1 St.John’s wort Hypericum perforatum Treatment of mild to 

moderate depression with 

much fewer side effects 

and better patient 

compliance 

2 Black Cohosh  Actaea racemosa For menopausal symptoms 

3 Garlic (Allium sativum) Blood cholesterol level 

reduction and lowering of 

heart attack risks. 

 

4 Ginger (Zingber officinale) To relieve nausea and 

vomiting 

5 Hawthorn berries 

 

(Crataegus monogyna) For mild heart failure 

6 Horse chestnut,  Aesculus hippocastanum For chronic venous 

insufficiency. 

 

7 Saw palmetto  (Sarenoa serrulata), For enlarged prostate. 

8 Ginkgo biloba,   To improve mental 

performance in people 

with Alzheimer’s disease. 

(Kleijnen and Knipschild, 1992). 
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There are many examples of effective drugs that were derived from plants or 

other living sources. Many of there have been used for centuries and still have important 

uses today. The indigenous knowledge of plants has led to the discovery of most of these 

drugs.  

Cardiac glycosides were discovered as a result of the folk knowledge of old healer 

about digitals leaves. Long before digitalis leaves were used by the folk healers for the 

treatment of dropsy. But in 1753 the effectiveness of digitalis leaves in the treatment of 

cardiac diseases. But with advances in the drug discovery techniques, later on in 20th 

century about 30 cardiac glycoside have been isolated from the leaves of digitalis leaves. 

These cardiac glycosides are now days still in use (Anonymous., 2003) 

 Rosy periwinkle (Catharanthus roseus) was used in the past for it hypoglycemic 

activity. Due to its hypoglycemic activity it was used in the treatment of hemorrhage, 

toothache, chronic wounds and diabetic ulcers (Gorman et al., 1971). But later on it was 

found that this plant has very good results when it is used in leukemia (Balick and Cox, 

1997). The leaves of the plant were further studied and very well known vinca alkaloids 

(vincristine and vinblastine) were discovered which are now a days used as anticancer 

drugs. 

Another important example of the part played by natural products in drug 

discovery is the discovery of some important anticancer agents such as taxanes and 

paclitaxel. They were discovered in time when the natural product research for the new 

drug discovery was on its decline yet this discovery made a breakthrough. These were 

obtained from Pacific yew tree (Taxus brevifolia Nutt) (Gupta and Farooq, 1953; Farooq 

and Siddiqui., 1955). It has been found that taxol is very much effective in many type of 

cancers such as ovarian and breast cancers. Other chemotherapeutic agents derived from 

natural sources include adriamicyin (Doxorubicin), navelbine (Vinorelbine), Cystoxan 

(Cyclophosphamide) and Cisplatinum. 

Lichen antibiotics include orcinol and -orcinol depsides and depsidones. Usnic 

Acid, the most widely distributed and best known lichen antibiotic, has been evolved as a 

typical antibiotic skin disease  (Kiritikar and Basu, 1918). 
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One of the other most important natural sources of antibiotics is fungi. Penicillin, 

which has revolutionarised the world of antibiotics and with its discovery we entered into 

the penicillin era, is an important antibiotic.  It was discovered by Alexander Fleming in 

1928 from a fungus named penicillium notatrum. Further more various other antibiotics 

having a broader spectrum and resistant to the enzymatic actions of bacteria have been 

discovered. These antibiotics include streptomycin, chloramphenicol, chlortetracycline, 

cephalosporin, erythromycin and vancomycin (Newman et al., 2000b). 

Bioassay guided fractionation of medicinal plants used by Samoan healers lead to 

successful isolation of several promising compounds. For instance, Homolanthus nutans 

(Euphorbiacae), a tree used by Samoan healers to treat yellow fever, a viral disease. 

National Cancer Institute (NCI) team of researchers discovered that its extract exhibit 

anti-HIV-1 activity. Bioassay guided fractionation resulted in the isolation of prostratin 

(12-deoxyphorbol 13-acetate), an active component which was found to stop cells from 

becoming infected with HIV- virus and prolongs the life of infected cells [Cox. 1995].  
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1.2. Plant Introduction 

1.2.1. Family Rhamnaceae 

This is a large family comprising of 58 genera and almost 900 species. The se are 

represented in Pakistan by 6 genera and 21 species. It is also known as buckthorn family. 

It is distributed in many parts of the world but mainly populates in tropic and warm 

temperate region. These are mainly trees or shrubs but sometime climbing. 

The leaves of these plants are simple, alternate, opposite, evergreen, generally 

stipulate and sometime they are modified to form spines. The flowers are bisexual, small 

and greenish. Calyx in many cases is 5-lobed petals but in very rare cases it has 4 or 6 -

lobed. Corolla contain5 petals in very small cases they are 4 or 6.stamens 5 in number 

located opposite and are folded by pastels. A single compound pestle (2-4 carpels) form 

the gynoecium, ovary is superior while in rare cases it is inferior. Fruit often drupaceous, 

pyrenes 1-3 (-4), 1-2 seeded, or capsule, rarely samaroid. Seeds with a large erect 

embryo, endosperm copious or scanty are there. (Nasir and Ali, 1972; Qaisar and 

Nazimmudin, 1981)  

From economic point of view Rhamnaceae family is important because it has 

ornamental properties providing some very good green and yellow dyes. Also it is good 

source of timber. Before the discovery of propellants the wood of Rhamnus was used to 

produce charcoal.  

 1.2.2. Genus Zizyphus 

 This genus is represented by 100 species through the world but in Pakistan 6 

species are indigenous as shown in the Table 5. India, Pakistan, indo Malaysia, tropic 

America, Mediterranean regions is the area where this genus is distributed. 

Trees or shrubs, mostly armed with a pair of stipular spines, one usually long and 

straight and the other short recurved. Leaves mostly distichous to subdistichous, alternate 

3(-5)-nerved, usually leathery and oblique at the base, entire serrate or serrulate. Flowers 

in axillary cymes, 5-merous, regular, greenish yellow, mostly bisexual. Calyx 5-fid, 

saucer-shaped, lobes keeled. Petals 5, rarely absent, cucullate, disc pitted or flat 5-10 
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lobed, mostly lining the calyx tube. Stamens enclosed within the petals. Ovary immersed 

in disc, 2-4 celled, style 2(-3)-partite, stigma papillose, small. Fruit drupaceous, fleshy, 

succulent, globose-oblong, pyrenes 1-4, rugose or tuberculate, 1-seed in each stone. Seed 

plano-convex, mostly with very scanty endosperm (Qaisar and Nazimmudin, 1981). 

Table 5.  Zizyphus species indigenous to Pakistan   

Plant Name Distribution  

Zizyphus jujuba Mill Hazara, Mansehra, Kashmir, Swat. 

Zizyphus mauritiana Lam Hyderabad, Khairpur, Karachi. 

Ziziyphus nummularia (Burm .f) Attock, D.G.Khan, Dhado, Hazara, Karachi, 

Peshawar, Malakand. 

Zizyphus oxyphylla Edgew Buner, Hazara, Swat, Garhi Habibullah. 

Zizyphus rugose Lam Hyderabad. 

Zizyphus spina-christi Karachi, Sukkur, Sandeman (Baluchistan) 

 

 

1.2.3. Zizyphus oxyphylla. 

1.2.3.1. Taxonomical position. 

 

Kingdom:  Plantae  

Kingdom:  Tracheobionta  

Division:  Magnoliophyta  

Class:              Magnoliopsida   

Subclass:  Rosidae      

Order:              Rhamnales                      

Family:  Rhamnaceae   

Genus:              Zizyphus 

Species:  Oxyphylla     
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1.2.2.2. Morphology  

A small almost glabrous, tree or shrub, stipular spines slender, unequal, smaller slightly 

recurved, larger one straight c. 1.5 mm long. Leaves 2.5-6 cm x 1.5-3 cm, ovate to 

lanceolate, acuminate or cuspdate, base slightly oblique or cordate, glabrous, serrate to 

crenately serrate, petiole 5-10 mm long. Cymes glabrous axillary, fascicled, many-

flowered. Flowers 3-4 mm in diameter, glabrous, pedicel 1-2 mm long, glabrous, wiry. 

Calyx 5-lobed, not keeled glabrous c. 2 mm long, ovate, obtuse to subacute. Petals 

hooded, spathulate c. 1.5 mm long; Disc thin almost 5-lobed. Fruit fleshy ovoid 8-10 mm 

long, orange-black when ripe, 1-celled, 1 seeded with flattened pyrene. (Qaisar and 

Nazimmudin, 1981) 

1.2.2.3. Distribution: 

It is widely distributed in Pakistan, Kashmir, India, and Temperate Himalayas. In 

Pakistan this plant is mainly distributed in hilly areas of Pakistan such as swat, Malakand, 

Buner, Gari Habibullah. 

1.2.4. Literature Survey: 

Although Zizyphus oxyphylla Edgew has not been explored well as compared to 

the other species of this genus but still up till now one new compound Oxyphylline A and 

one know alkaloid has been isolated from the roots of this plant (Khan et al., 2007). On 

biological activity side one work has been done on the in vivo antinoceceptive and anti 

pyretic activity of leaves of Zizyphus oxyphylla (Nisar et al., 2007). But other species of 

genus Zizyphus have been very thoroughly explored 

Many a species of Zizyphus are famous for Cyclopeptide alkaloids. It is evident 

from the fact that I almost 170 different types of Cyclopeptide alkaloids are isolated up 

till now from various families of plants and about 50% (81) have been isolated from 

various species of Zizyphus.  Amongst these 81 Cyclopeptide alkaloids 35 are 13-

membered, 39 are 14 membered and 15 belong to 15 member Cyclopeptide alkaloids 

(Suksamrarn et al., 2005). 
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Cassels and co workers worked on the isolation of alkaloids from Zizyphus 

eonoplia (Cassels et al., 1974). Two other nsolatedew 14 member cyclopeptide alkaloids 

were added to the group of these valueable compound in 1979.  The source of these 

alkaloids was Zizyphus sativa and names of the compounds were sativanine-A and 

sativanine-B (Tschesche et al., 1979).In the year 1984, sativanine-C was obtained as a 

new compound from the bark of Zizyphus sativa .this was another addition into the group 

of 13 member cyclopeptide alkaoids. Its structure was detrmined by  using various 

techniques such as spectroscopy,transformational products and also by chemical 

ionization and degradation (Shah et al., 1984).According to (Devi et al., 1987) 

cyclopeptide alkaloids from different species of  Zizyphus have isolated namely 

frangufoline, amphibine-H and nummularine-K and nummularine-R from Zizyphus 

jujuba, Z. nummularia and Z. nummularia respectively. Zizyphus spina christi was also 

not far behind othe species because some alkaloids were aslo isolated from it(Abdel-galil 

and El-Jissry, 1991). 

In 1994 Zizyphus nummularia was searched for the isolation of Cyclopeptide 

alkaloid which was successful in isolating a new Cyclopeptide alkaloid by using silica gel 

column chromatography and preparative TLC while the solvent system used was 

chloroform in methanol different ration fro coloumn and PTLC. This Cyclopeptide 

alkaloid was given the name of Nummularine-T which was a 13 member Cyclopeptide 

alkaloid isolated from the bark of this plant(Singh and Pandey, 1995). Zizyphus lotus was 

searched for Cyclopeptide alkaloids Ghedira and his co workers which have yielded into 

4 Cyclopeptide alkaloids. These four new compounds included lutisine B, C, E and F. For 

structure determination both homo and hetero nuclear NMR techniques were used. Roots 

bark was the part of the plant used For isolation and purification centrifugal TLC was 

utilized (Ghedira et al., 1995). Two other new alkaloids isolated from the same plant 

were lotusine A and lotusine D (Ghedira et al., 1993) 

In 2001, from Zizyphus jujuba one new Cyclopeptide alkaloid (jubanine-C) along 

with 2 already know compounds (Scutianine-C and zizyphine-A) were isolated by using 

silica gel column chromatography followed by preparative TLC. Elution system 

consisted of   different combinations of chloroform and methanol and the structure was 
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determined by routine spectroscopic techniques (Tripathi et al., 2001). In the next year of 

2002 another one new alkaloid was isolated from Zizyphus lotus roots bark. Some other 

efficient techniques like centrifugal partition chromatography were used in pH refining 

mode. This process resulted in a new Cyclopeptide alkaloid named lotusine G. with the 

use of this technique some other already known compounds such as lotusines D, E, F 

were isolated with higher yield (Le Crouéour et al., 2002) 

Similarly four new Cyclopeptide alkaloids were isolated from Ziziphus oenoplia. 

Ethyl acetate fraction of the roots of the plant was subjected to column chromatography 

which resulted in the purification of 4 (13) Cyclopeptide alkaloids ziziphine N, P, O and 

Q(Suksamrarn et al., 2005). 

Not only alkaloids are isolated fro this genus Zizyphus other group of compounds 

such as falvonids , saponins, tannins and polysaccharides  have also been isolated from  

various species of Zizyphus. Quercetin, kaempferol, and phloretin are the example of 

falvonids isolated from the fruits of Zizyphus jujuba Miller and Zizyphus spina-christi. 

HPLC/ESI-MS was used to identify these compounds. These were characterized by NMR 

(Pawlowska et al., 2009). 

Polysaccharides have also been isolated from these species such as a novel water 

soluble polysaccharide (ZSP3) has been isolated from Zizyphus jujuba cv. Jinsixiaozao. 

Various special techniques were used for the isolation of this poly saccharide. This poly 

saccharide contained three mono saccharide units, l-rhamnose, d-arabinose and d-

galactose (1:2:8). DEAE-Sepharose CL-6B anion-exchange, Sepharose CL-6B and 

Sephadex G-200column chromatography. High-performance gel permeation 

chromatography was used to isolate these compounds. .(Li et al.) Similarly from the 

fruits of Zizyphus jujuba more polysaccharides have been isolated. There average 

molecular weight was found to be in the range of 40,566 to 129,518 Da. These 

polysaccharide fractions contained rhamnose, arabinose, xylose, mannose, glucose and 

galactose  mono saccharide (Chang et al., 2010). 

Saponins and tannins have also been isolated fro various species of this plants 

(Lee et al., 1996; Renault et al., 1997; Aganga and Mosase, 2001). 2-O-

protocatechuoylaliphitolic acid, 2α-hydroxypyracrenic acid and 3-O-



 

Introduction   
 

 
                                   
 
 
 

24

protocatechuoylceanothic acid along with 2 other known compounds have been isolated 

from the roots of Zizyphus jujuba. These compounds come in the range Diterpenoids 

ester (Lee et al., 1996), similarly triterpenoids have also been isolated  from the leaves of 

Zizyphus species(Suttisri et al., 1995). 

It may be said that literature showed that Zizyphus can produce almost all type of 

compounds. In the above discussion we have just focused on photochemical literature 

about this genus. But this genus showed many remarkable biological activities which 

have been mentioned in the literature survey of the genus  

The crude methanolic extract of the leaves of Zizyphus oxyphylla was tested for 

anti inflammatory and analgesic activity it was found that this extract  contained both anti 

inflammatory and analgesic activity (Nisar et al., 2007). When various fraction of extract 

of Zizyphus lotus were given intra peritoneally to mice at three different doses (50, 100 

and 200 mg/kg body weight), these fraction a very good anti inflammatory response. But 

it was found that this response was dose dependant. it means that roots of Zizyphus lotus 

can be used to reduce inflammation.(Borgi et al., 2007) literature has also shown that 

when the falvonids and saponins fraction of the extract from the leaves  and roots bark  

were tested in a dose of 200mg/kg  by using various protocols such as carrageenan 

induced paw edema in rats and on acetic acid-induced analgesia in mice. It was found 

that both fractions showed significant activity. Methanolic extract of roots was more 

effective as compared to the leaves extract in inhibiting the oxazalone induced DTH 

(Borgi et al., 2008). The crude extract of Zizyphus spins- Christi has also been reported to 

show dose dependant response in hot plate method and acetic acid induced writhing 

method(Adzu et al., 2001). 

 This genus is also very famous for its anti diabetic activity. According  to(Michel 

et al.). When the crude extract was used as plain or formulated it showed a very good 

hypoglycemic response by improving the utilization of glucose. It increased the insulin 

secretion in mice. It was stipulated that saponins and poly phenols of the extract are 

responsible .it was due to reduction in the absorption of glucose contained in the food. 

Similarly in one of his  study on the hypoglycemic effect of various Indian medicinal 
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plants Mukarjee and his coworkers found that Zizyphus sativa was able to reduce blood 

glucose level (Mukherjee et al., 2006)  

 Hepatic protection is one of the major and important activities of this genus. It is 

evident from the work of Chen and his co-workers. Water extract of Zizyphus jujube was 

able to reduce the liver injury induced by ischemia or perfusion when the crude extract 

was given. It showed its effect possibly due to the antioxidant potential of this extract 

(Chen et al., 2010).Zizyphus jujube fruit extract was also found to have the property of 

attenuating the histopathology of the liver when used in a dose of 200 mg/kg (Shen et al., 

2009). 

 This genus has also been reported to have effects on central nervous system 

(CNS). Azdu and his co worker  worked on the effect of aqueous extract of roots of 

Zizyphus spina-christi  against exploratory behavior, spontaneous motor activity (SMA) 

pentobarbital-induced hypnosis and motor coordination (Rota-rod performance).it was 

found that  this extract prolonged the pentobarbital sleeping time  in experimental mice. It 

means that this  extract has a CNS depression activity (Adzu et al., 2002). The sedative 

effect of this genus has also been established as reported in Cho et al. Not only the crude 

extract but the pure compound also has anxiolytics activity (Han et al., 2009) .anti 

convulsant activity of Zizyphus spina-christi extract was also found  it inhibited the 

neurotransmitters at different  brain regions (Waggas and Al-Hasani, 2010). 

One other prominent activity of this genus is the antioxidant activity. It was found that 

Zizyphus jujube had a good antioxidant activity against DPPH radical. It was found that 

there is a direct correlation between the anti oxidant activity and phenolic contents (Li et 

al., 2005) . Similarly oils from the seed of Zizyphus jujube also showed anti oxidant 

activity in the superoxide redical scavenging activity (Al-Reza et al., 2009). 

 Zizyphus lotus was found to have antiulcerinic activity. When roots leaves and 

stem crude extracts were administered orally it was found that they showed significant 

response by inhibiting the ulcer produced by the HCL/Ethanol solution(Wahida et al., 

2007) .The isolated compounds also has antiplasmodial activity (Suksamrarn et al., 

2005). 
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 Anti microbial activity is also shown by these species against Gram + ive and 

gram –ive bacteria. According to study conducted by Naggla showed that lipid fraction of 

the edible portion of the fruit of Zizyphus spina-christi showed anti microbial activity 

against G+ive Bacillus subtilus, and Streptococcus pyogenes, G-ive Escherichia coli . 

While fatty acid fraction showed anti microbial activity against Bacillus subtilus and 

Escherichia coli which was very high (Nazif, 2002). while both the crude extract and oil 

fraction of Zizyphus jujube was found to have a good antibacterial activity against some 

pathogens such as Staphylococcus aureus , Listeria monocytogenes , Bacillus subtilus , 

Pseudomonas aeruginosa, Salmonella typhimurium  and Escherichia coli (Al-Reza et al., 

2010). Some compounds (Theasinensin A, a polyphenol formed from (-) - 

epigallocatechin gallate, proanthocyanidins) isolated from the fruits of Zizyphus jujbe 

were very much active against methicillin resistant Staphylococcus aureus (Hatano et al., 

2005). 

 The proximate composition of five cultivars of Chinese jujube, along with 

mineral, vitamin and total phenolic contents was determined. Investigations showed that 

Chinese jujube contained 80.86–85.63% carbohydrate, 57.61–77.93% reducing sugar, 

0.57–2.79% soluble fiber, 5.24–7.18% insoluble fiber, 4.75–6.86% protein, 0.37–1.02% 

lipid, 17.38–22.52% moisture and 2.26–3.01% ash. The soluble sugars of Chinese jujube 

included fructose, glucose, rhamnose, sorbitol and sucrose. Fructose and glucose were 

identified as the major sugars while sorbitol was present in much lesser amounts. 

Potassium, phosphorus, calcium and manganese were the major mineral constituents in 

Chinese jujube. Iron, sodium, zinc and copper were also detected in appreciable amounts. 

The contents of vitamin C, thiamine and riboflavin were found to be 192–359, 0.04–0.08 

and 0.05–0.09 mg/100 g, respectively. Total phenolic contents ranged from 5.18 to 8.53 

mg/g. No correlation between total phenolic contents and antioxidant capacities or 

antioxidant capacities and vitamin C contents of Chinese jujube was found (Li et al., 

2007). 

 According to a study Zizyphus has a heeling effect in many cancer cases. It can 

have some effects such as it can delay the progression of cancer, can decrease the 

intensity and frequency of pain, can enhance the immune response an increase life 
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expectancy (Mollik et al., 2009). Furthermore Zizyphus jujube has shown marked 

protection against the genotoxicty produced by the hydroquinone (Ghaly et al., 2008). 

Antispasmodic activity of this genus is also reported(Borgi and Chouchane, 2009) 
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1.3. Cyclopeptide Alkaloids 

It is a large group of compounds which is present in large number plant families. 

Some of the representative families are Asteraceae, Celastraceae, Euphorbiaceae, 

Menispermaceae, Pandaceae, Rubiaceae, Sterculiaceae and Urticaceae along with 

Rhamnaceae. (Gournelis et al., 1997a) These compounds may be defined as basic 

compounds having a structure 10 or 12 member peptide type bridge span that is attached 

to benzene at 1,3 or 1,4 positions (Schmidt et al., 1985). 

 

1.3.1. Classification 

Various methods have used to classify this huge class of natural products. One 

classification is on the basis of size of macro molecule (Gournelis et al., 1997a).  

According to this classification Cyclopeptide alkaloids are classified into 13, 14 and 14 

member compounds. Further these classes are sub divided on the basis of number of 

amino acid units. These may  be represented as 4(13-), 5(13-), 4(14-), 5(14-), 4(15-) and 

5(15-).her  4and 5 means  number of amino acid units while 13, 14 and 15 means  the 

ring size. Four amino acid units namely A, B, C and D are present but sometimes another 

unit E is also present as shown in Figure 2. 

 

Figure 2. General structures of Cyclopeptide alkaloid 
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1.3.2. Distribution of Cyclopeptide Alkaloids 

185 Cyclopeptide alkaloids have been found in 9 families, 23 genera, and 52 

species. They are particularly common in plants of the family Rhamnaceae, especially the 

genus Zizyphus, but they have also been found in plants of the families Asteraceae, 

Celastraceae, Euphorbiaceae, Olacaceae, Pandaceae, Rubiaceae, Sterculiaceae, and 

Urticaceae. They occur almost in all plant parts, including barks, root barks, stem barks, 

roots, stems, leaves, terminal branches, woody parts, aerial parts, flowers, fruits, seeds, 

and whole plants, most commonly in barks, root barks, and stem barks . Their yield 

varies from (1 × 10-6) % to (1 × 10-2) % and depends not only upon the plant source but 

also upon the method of isolation. 

1.3.3. Chemical and Physical Properties of Cyclopeptide Alkaloids 

Cyclopeptide alkaloids are found as amorphous solids .It can also be crystallized. 

These are weak bases and have a good solubility in organic solvents such asCHCL3 and 

other organic solvents. They have a melting point in the range of 2000C or more and most 

of them are levo rotatory. (Tschesche and Kaubmann, 1975).  

About 34 amino acids are found in Cyclopeptide alkaloids, including 

 5 â-hydroxyl amino acids,  

 12 ring bond amino acids (usually common amino acids and rarely â-hydroxyl 

amino acids) 

 7 intermediate amino acids(usually common amino acids and rarely N-methyl 

amino acids) 

 And 24 basic end amino acids, which usually belong to the L-amino acids. (Ning-

Hua and Jun, 2006). 

1.3.4. Extraction and Isolation and structure elucidation of Cyclopeptide Alkaloids 

Various extraction methods are used for Cyclopeptide alkaloids such as: 

 Dried powdered plant is treated with basic solutions followed by extraction with 

organic solvent. 
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 Extraction from dry plant material with methanol and subsequently treating the 

extract with acids (0.4 N sulfuric acid or 2 N hydrochloric acid) to a pH 1.5.Then 

by fractionating this acidified  mixture  followed by basification with bases ( 20% 

aqueous sodium hydroxide or aqueous Ammonia)  to pH 9-10, and extracted with 

chloroform, ether 

 Sometime plant material is heated with a mixture of benzene-concentrated 

aqueous ammonia methanol (100:1:1) 

For separation techniques like TLC, CC, HPLC, preparative HPLC, centrifugal 

partition chromatography and recrystallization are used. Silica gel and alumina is mostly 

used in Chromatography while solvents such as chloroform, acetone, ethyl acetate, 

dioxane, acetonitrile, and ether as well as chloroform-methanol mixtures, are widely used 

(Warnhoff and Pradhan, 1965; Mascaretti et al., 1972; Lagarias et al., 1979; Joullie and 

Nutt, 1985). 

Mostly two methods are used for structure elucidation of cyclo peptide alkaloids. 

 Chemical degradation reactions 

 Mass Studies 

Chemical degradation involves elemental analysis, oxidization, acetylation, 

methylation, formylation, hydrogenation, and amino acid analysis after acid or alkaline 

hydrolysis with PC, TLC, GC, LC, and MS. While spectroscopic method includes IR, 

UV, NMR, MS, CD, and X-ray diffraction. MS and amino acid analysis after hydrolysis 

are particularly informative (Klein and Rapoport, 1968; Servis et al., 1969; Mascaretti et 

al., 1972). 

1.3.5. Biosynthesis of Cyclopeptide alkaloids 

In the biosynthesis of Cyclopeptide alkaloids the key precursor of styrylamine 

unit is tyrosine which is derived biosynthetically through skimic acid pathway (Tyler, 

1988 and Warnhoff, 1967). The cyclization forming a macrocyclic ring is achieved 

through ether linkage formation by concerted mechanism as shown in the Figure 3, it is 

not known wether tripeptude chain (g) reacts with tyrosine (e) or the three amino acid 

join one after the other (f) 
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 Figure 3.  Biosynthetic pathway of Cyclopeptide alkaloids 
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Table 6. Summary of previously isolated compounds from Zizyphus oxyphylla  

 Edgew. 
 

S/No Compound Structure 

Mol. 
Formula & 
Mol. Mass, 

m/z 

Reference 

1 Abyssenine B 
 

C25H38N4O4 
458.6 

(Tschesche et 
al., 1974a) 

2 Abyssinine C 

 

C24H36N4O4 
444.573 

(Tschesche et 
al., 1974a) 

 
 
 
3 Mucronine G 

 

C25H38N4O5 
474.599 

(Tschesche et 
al., 1974a) 

 
 
 
4 Zizyphine D 

C25H38N4O5 
474.599 

(Hindenlang et 
al., 1980) 
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5 

 
 
 
Zizyphine E 

C24H36N4O5 
460.572 

 
(Cassels et al., 
1974) 
 
 

 
 
 
6 

 
 
 
Adouetine X 

C28H44N4O4  
500.6 

(Joullié and 
Richard, 2004) 

 
 
 
 
7 

 
 
 
 
Lotusanine A 

C31H42N4O4 
 534.697 

(Gournelis et 
al., 1997b) 

 
 
 
 
8 

 
 
 
 
Oxyphylline A 

C42H45N5O
6 
715.847 

(Khan et al., 
2007) 

 
 
 
9 

 
 
 
Amphibine A 

C33H43N5O4 
573.734 

Tschesche, R. et 
al.,  1972 
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10 
 

 
 
 
 
Amphibine B 

C39H47N5O5 
 665.831 

(Tschesche et 
al., 1972)) 

 
 
 
 
11 

 
 
 
 
Amphibine C 

C36H49N5O5 

631.814 
(Tschesche et 
al., 1972) 

 
 
 
 
12 

 
 
 
 
Amphibine D 

C36H49N5O5 
631.814 

(Tschesche et 
al., 1972) 
 

 
 
 
 
13 

 
 
 
 
Amphibine E 

C38H50N6O5 
 670.85 

(Tschesche et 
al., 1974b) 
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14 

 
 
 
Mauritine J 

C37H48N6O5 
 656.823 

(Jossang et al., 
1996) 

 
 
 
 
15 

 
 
 
 
Amphibine F 

C29H36N4O4 

504.628 
(Tschesche et 
al., 1974c) 

 
 
 
 
16 

 
 
 
 
Amphibine G 

C32H39N5O4 
 557.691 

(Tschesche et 
al., 1974c)) 

 
 
 
 
 
17 

 
 
 
 
 
Amphibine H 

C33H43N5O6 
 605.733 

(Pandey et al., 
1984) 
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18 Nummularine B C32H41N5O6 
591.706 

Han, B.H. et al., 
Pure Appl. 
Chem., 1989, 
61, 443 (isol, 
Nummularine 
B) 

 
 
 
19 

 
 
 
Nummularine T 

C33H41N5O7 
 619.716 

(Singh and 
Pandey, 1995) 

 
 
 
20 
 

 
 
 
Daechuine S3 

C34H53N5O6 
 627.823 

(Xiao et al., 
1998) 

 
 
 
 
21 

 
 
 
 
Daechuine S7 

 

C28H42N4O5 
 514.664 

(Xiao et al., 
1998) 
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22 

 
 
 
 
Sanjoinenine 

 
 
 
C29H35N3O4 
489.613 

 
 
 
(Han et al., 
1990) 

 
 
 
 
23 

 
 
 
 
Franganine 

C28H44N4O4 
500.68 

(Tschesche and 
Last, 1968)) 

 
 
 
 
24 

 
 
 
 
Frangufoline 

C31H42N4O4 

534.697 
(Zarga et al., 
1995) 

 
 
 
 
25 

  
 
 
 
Sanjoinine B 

        C30H40N4O4 
520.67 

(Han et al., 
1990) 
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26 

 
 
 
 
Sanjoinine F 

C31H42N4O5 
550.697 

(Han et al., 
1990) 

 
 
 
 
27 

 
 
 
 
Sanjoinine Ah1 

C31H42N4O4 
534.697 

(Xiao et al., 
1998) 

 
 
 
28 

 
 
 
Frangulanine 

C28H44N4O4 
500.68 

(Warnhoff and 
Pradhan, 1965) 

 
 
 
29 

 
 
 
Hysodricanine 
A 

C35H45N5O5 
 615.771 

(Tschesche et 
al., 1977) 
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30 

Hysodricanine 
B 

C30H43N5O6 
 569.7 

Khokhar, I. et 
al., Sci. Int. 
(Lahore), 1993, 
5, 37-39; CA, 
119, 245538k 
(isol, ir, uv, 
pmr, ms) 

 
 
 
31 

 
 
 
Integerrenine 

C31H42N4O4 
 534.697 

(Tschesche et 
al., 1967) 

 
 
 
32 
 

 
 
 
Nummularine D 

C30H40N4O4 
520.67 

(Tschesche et 
al., 1975) 

 
 
 
33 

 
 
 
Jubanine A 

C40H49N5O6 
695.857 
 

(Tschesche et 
al., 1976) 

NH

HN

N

HN

N

O

O

OO

O

O
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34 

 
 
 
Nummularine H 

C39H47N5O6 
681.83 

 

 
 
 
 
 
35 

 
 
 
 
 
Jubanine B 

C43H47N5O6 
729.874 

(Tschesche et 
al., 1976) 

 
 
 
 
 
36 

 
 
 
 
 
Nummularine O 

C42H45N5O6 
715.847 
 

(Miana and 
Shah, 1985) 

 
 
 
 
37 

 
 
 
 
Xylopyrine B 

C34H38N4O5 
582.698 

(Singh et al., 
2007) 
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38 

 
 
 
Jubanine C 

C39H47N5O5 
665.831 
 

(Tripathi et al., 
2001) 

 
 
 
 
39 

 
 
 
 
Lotusanine B 

C37H40N4O5 
620.747 

(Zarga et al., 
1995) 

 
 
 
40 

 
 
 
Lotusine A 

C30H38N4O4 
518.655 

(Ghedira et al., 
1993) 

 
 
 
 
41 

 
 
 
 
Ramosine C 

C30H38N4O5 
534.654 

(Lin et al., 
2003) 
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42 

 
 
 
 
 
Lotusine B 

C36H49N5O5 
631.814 

(Ghedira et al., 
1995) 

 
 
 
 
 
43 

 
 
 
 
 
Lotusine C 

C35H47N5O5 
617.787 

(Ghedira et al., 
1995) 

 
 
 
 
44 

 
 
 
 
Lotusine E 

 

C36H49N5O6 
647.813 

(Ghedira et al., 
1995) 
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45 

 
 
 
 
 
Lotusine G 

C24H34N4O4 
442.557 

(Le Crouéour et 
al., 2002) 

 
 
 
46 

 
 
 
Mauritine A 

C32H41N5O5 
575.706 

(Cristau et al., 
2005) 

 
 
 
 
47 

 
 
 
 
 Mauritine F 

C31H39N5O
5 
Molecular 
Weight: 
561.68 

(Cristau et al., 
2005) 

 
 
 
48 

 
 
 
Mauritine E 

C32H41N5O6 
591.706 

(Cristau et al., 
2005) 
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49 

 
 
 
 
Mauritine B 

 

C35H47N5O5 
617.787 

(Cristau et al., 
2005) 

 
 
 
 
50 

 
 
 
 
Mauritine C 

 

C28H34N4O4 
490.601 

(Tschesche et 
al., 1974b) 
 

 
 
 
 
51 

 
 
 
 
Mauritine D 

 

C33H51N5O5 
597.796 

(Tschesche et 
al., 1974b) 

 
 
 
 
 
52 

 
 
 
 
 
Mauritine H 

 

C33H43N5O5 
 589.733 

Tschesche, R. et 
al., 
Phytochemistry, 
1977, 16, 1025-
1028 (isol, uv, 
ir, pmr, ms, 
struct) 
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53 

 
 
 
 
 
Melonovine A 

 

C27H42N4O4 
486.653 

(Kapadia et al., 
1977) 

 
 
 
 
 
54 

 
 
 
 
 
Daechuine S5 

 

C27H42N4O4 
486.653 

(Han et al., 
1990) 

 
 
 
 
 
55 

 
 
 
 
 
Mucronine A 

 

C29H38N4O4 
506.644 

(Fehlhaber et 
al., 1972) 

 
 
 
 
56 

 
 
 
 
Mucronine B 

 

C28H36N4O4 
492.617 

(Fehlhaber et 
al., 1972) 
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57 

 
 
 
Mucronine H 

C27H34N4O4 
478.59 

(Fehlhaber et 
al., 1972) 

 
 
 
 
 
58 

 
 
 
 
 
Mucronine C 

 

C26H40N4O4 
472.626 

(Fehlhaber et 
al., 1972) 

 
 
 
 
 
59 

 
 
 
 
 
Abyssenine A 

 

C25H38N4O4 
458.6 

(Tschesche et 
al., 1974a) 

 
 
 
 
 
60 

 
 
 
 
 
Mucronine E 

 

C26H40N4O5 
488.626 

(Tschesche et 
al., 1974a) 
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61 

 
 
 
 
 
Mucronine F 

 

C25H38N4O5 
474.599 

(Tschesche et 
al., 1974a) 

 
 
 
 
62 

 
 
 
 
Mucronine D 

C37H51N5O6 
661.84 

(Auvin et al., 
1996) 

 
 
 
 
 
63 

 
 
 
 
 
Nummularine A 

 

C36H49N5O6 
 647.813 

Tschesche, R. et 
al., Chem. Ber., 
1972, 105, 
3106-3114; 
1974, 107, 
3180-3185 
(Mucronine D, 
Nummularine 
A, isol, uv, cd, 
ir, pmr, ms, 
struct) 

 
 
 
64 

 
 
 
O-
Demethylmucro
nine D 

 

C36H49N5O6 
647.813 

(Barboni et al., 
1994) 
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65 

 
 
 
 
 
Mucronine J 

 

C27H40N4O4 
484.637 

(Auvin et al., 
1996) 

 
 
 
 
 
66 

 
 
 
 
 
Nummularine C 

 

C31H40N4O5 
548.681 

Tschesche, R. et 
al., Chem. Ber., 
1974, 107, 3180 
(isol, uv, ir, 
pmr, ms, struct) 

 
 
 
 
 
67 

 
 
 
 
 
Nummularine E 

 

C29H38N4O5 
522.643 

Tschesche, R. et 
al., Pharmazie, 
1981, 36, 511 
(isol, uv, ir, 
pmr, ms) 

 
 
 
 
 
68 

 
 
 
 
 
Nummularine F 

C23H32N4O4 
428.53 

Tschesche, R. et 
al., Tetrahedron, 
1975, 31, 2944-
2947 (isol, uv, 
ir, pmr, ms, 
struct) 
Heffner, R.J. et 
al., J.A.C.S., 
1992, 114, 
10181-10189 
(synth, cmr) 
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69 

 
 
 
 
 
Nummularine G 

 

C31H40N4O4 
 532.681 

Tschesche, R. et 
al., Chem. Ber., 
1977, 110, 2649 
(isol, uv, ir, 
pmr, ms, struct) 

 
 
 
 
 
70 

 
 
 
 
 
Nummularine K 

 

C33H43N5O4 
 573.734 

(Devi et al., 
1987a) 

 
 
 
 
 
71 

 
 
 
 
 
Nummularine 
M 

 

C31H42N4O4 
534.697 

(Pandey et al., 
1984) 
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72 

 
 
 
 
 
Nummularine N 

 

C32H41N5O6 
591.706 

(Pandey et al., 
1984) 

 
 
 
 
 
 
73 

 
 
 
 
 
 
Nummularine P 

 

C29H43N5O6 
557.689 

C29H43N5O6 
Molecular 
Weight: 
557.689 

74 Rugosanine A 

 

C30H43N5O7 
585.699 

(Pandey et al., 
1988) 
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75 

 
 
 
 
 
 
Nummularine R 

C33H41N5O5 
 587.717 
 

(Devi et al., 
1987b) 

 
 
 
 
 
76 

 
 
 
 
 
Daechuine S10 

C33H41N5O5 
587.717 

(Gournelis et 
al., 1997b)) 

 
 
 
 
77 

 
 
 
 
Nummularine S 

C29H36N4O5 
520.627 

(Shah et al., 
1989) 

 
 
 
 
78 

 
 
 
 
Xylopyrine A 

C31H40N4O5 
548.681 

(Singh et al., 
2007) 
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79 

 
 
 
 
 
 
Paliurine E 

 

C31H40N4O5 
548.681 

(Han and Park, 
1987) 

 
 
 
 
 
80 

 
 
 
 
 
Lotusine F 

 

C29H36N4O5 
520.627 

(Ghedira et al., 
1995) 

 
 
 
 
81 

 
 
 
 
Jubanine D 

C36H49N5O6 
647.813 

Khokhar, I. et 
al., CA, 1995, 
123, 29540v 
(Jubanine D) 
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82 

 
 
 
 
 
 
Sanjoinine G1 

 

C31H44N4O5 
 552.712 

(Han et al., 
1990) 

 
 
 
 
83 

 
 
 
 
Sanjoinine D 

 

C32H46N4O5 
566.739 

(Park et al., 
1996) 

 
 
 
 
 
84 

 
 
 
 
 
Sativanine A 

 

C30H40N4O4 
520.67 

(Tschesche et 
al., 1979) 

 
 
 
 
 
 
85 

 
 
 
 
 
 
Sativanine B 

C30H38N4O4 
518.655 

(Tschesche et 
al., 1979) 
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86 

 
 
 
 
 
 
Sativanine C 

C29H43N5O6 
557.689 

(Shah et al., 
1984) 

 
 
 
 
 
87 

 
 
 
 
 
Sativanine M 

 

C30H43N5O7 
585.699 

(Pandey et al., 
2008) 
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1.4. Pharmacological Activities 
 

1.4.1. Antibacterial Assay 

Infectious diseases are one of the biggest problems of this modern world. The 

spread of infectious diseases is on its full swing this has not been seen before. The 

situation has become worse because of certain reasons which include some the problems 

that human beings are facing such high growth rate of population,  deterioration of 

environment by fast industrialization, travelling long distances, irrational use of 

antibiotics and last but not the least the resistant developed by micro organisms against 

the available antibiotic.  20th  century has seen a rise in deaths due to microbial infectious 

diseases(Armstrong et al., 1999).This microbial infections are not only the problem of  

third world or other developing countries but many very developed countries ,where there 

is greater understanding of the  microorganism and their control, also face this 

problem(Iwu et al., 1999). 

Various antibiotic resistant strains of bacteria have been found. The epidemics 

due to the resistant strains have been declared as medical disaster  (Berkowitz, 1995).The 

problem of resistant is growing day by day since the penicillin resistant bacteria have 

been found. S. Aureus and M. tuberculosis are the two examples(Butler and Buss, 2006). 

This situation has turned into havoc when today almost every antibiotic has resistant 

strains against them. Vancomycin was left but in recent years it has been reported that 

vancomycin has also developed resistant strains. Major contributor to the death all over 

the world is S. pneumonia and penicillin-resistant Staphylococcus aureus(Iwu et al., 

1999). 

Before it is too late we must work to produce some antibiotics which are active 

against microbes. Otherwise we will enter into a post antibiotic era. Literature and ethno 

botanical data have given us information that nature can cure these infectious diseases. 

Anti microbial agents are present in nature either animals or plants.  But for a product or 

a chemical to become a good antibiotic it is necessary that it is effective in small amount 

and it does not harm the host cell while killing or slowing down the activities of 

microbes(Kivack et al., 2001). To cope with the pace of this resistance against the 
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antibiotics agent we also need to speed up with the discovery of new antibiotics which 

seems to be very difficult at this moment. This is the problem of every class from poor to 

rich (Meyer et al., 1982) 

The treatment of disease started with the use of herbal drugs that were used by the people 

as infusion decoction or other herbal preparation. Many useful drugs from natural sources 

are still in common use (Gilani AH and Atta-Ur-Rahman, 2005). 

Gram +ive and Gram- ive bacteria are differentiated from one another on the basis 

of the difference in their cell wall structures. Six strains of bacteria were used to evaluate 

the antibacterial potential of plants i.e. Bacillus subtilus, Pseudomonas aeruginosa 

Salmonella typhi, Shigella flexenari, Staphylococcus aureus and Escherichia coli. The 

hazards that it brings to human health is given in Table 7. 

Table 7. Diseases caused by various bacteria* 

S/No Bacterial Strain Disease  

1 
Pseudomonas 

aeruginosa 

Septicemia, upper and lower respiratory tract 

infections, urinary tract infection, joints and wound 

infections.  Systemic infections in patient with severe 

burns, immuno-suppressed and cancer. 

2 Shigella species Dysentery characterized by fever, vomiting, diarrhea  

3 Escherichia coli 
Urinary tract Infection, Gastroenteritis, Wound 

infections 

4 Bacillus subtilus Septicemia, Urinary tract Infection, wound ulceration 

5 
Staphylococcus 

aureus 

Meningitis, pharyngitis, sinusitis, tonsillitis, 

gastroenteritis and Pneumonia. 

6 Salmonella typhi Typhoid/Paratyphoid fever, gastroenteritis, septicemia. 

*(Bisno and Stevens, 1996; Walker et al., 2005; Shanson, D.C., 1989; Brooks, 1996). 
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1.4.2. Antifungal Activity: 

Recently various new fungal infections are spreading throughout the world. Mostly it 

has been found that only a few number of antifungal drugs are there in the market which 

are used against al these fungal infections (Perlroth et al., 2007). This is why; these fungi 

have become resistant to these antifungal drugs. The mechanism of this resistance 

involves many processes such as change in the enzymatic pathways which act as drug 

target. To over come these problems various measures can be taken such as: 

 To improve the human defense system. 

 To search fro new and effective antifungal drugs. 

 To provide new drug delivery systems 

 Use of adjuvant therapy. 

Amongst the above stated strategy  struggle fro the discovery of new antifungal drugs 

will have a great impact on the reduction of anti fungal infections and 

resistance(Alexander and Perfect, 1997). 

As compared to bacterial infection, fungal infection infections were not considered as 

serious problem. It is evident from the fact that between 1950 and 1970 death rate due to 

candidacies was very low. But after 1970 there was an increase in the death rates due to 

fungi. This increase in fungal infection was associated with some of the medical practices 

such as wide spread use of broad spectrum antibiotics, use of immunosuppressant drugs 

(Ghannoum and Rice, 1999). 

Although Amphotericine B was causing severe nephrotoxocity but still it was the only 

drug of choice in fungal infection for about 30 years. In late 1980’S and early 1990 when 

imidazoles and the triazoles were allowed to be used as antifungal agents it gave efficacy 

and relief in the treatment of fungal infections. 

 Nosocomial antifungal infections are the major cause of human deaths caused by 

fungi. Candida albicans is not fatal when it is present as part of normal flora of the 

mouth. It is normally present on the mucous membrane of the mouth. As it is 

opportunistic in nature so whenever it finds opportunity causes various infections 
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specially when the patients uses  immune suppressant drugs (Ellepola and Samaranayake, 

2000; Hodgson and Rachanis, 2002). 

Antifungal drugs have been classified in various manners. Following are the four classes 

as described by (Groll and Kolve, 2004). 

 Antifungal drugs that inhibits cell membrane.(Nystatin and Amphotericine-B) 

 Antifungal drugs inhibiting glucan synthesis. (Micafungin and Caspofungin). 

 The azoles, including Miconazole, Fluconazole, Itraconazole, ketoconazole. 

 Antifungal drugs interfering with  RNA and DNA synthesis.( Flucytosine) 

There for it is necessary to explore new antifungal agents for better health care 

and combat the infections caused by the resistance fungal strains. For the antifungal study 

the following fungal strains were selected and the pathogenesis by these fungal strains is 

explained in the Table 8. 

Table 7. Pathogenesis caused by Fungi* 

Entry Fungi Nature Pathogenesis 

1 Aspergillus 

flavus 

Human 

pathogen 

It causes the infections of  lung, ear, skin, and 

joints, it also infect plant and animals 

2 Candida 

albicans 

Human 

pathogen 

This may be acute, sub-acute or chronic 

infection. Involving any part of body like skin, 

ear and lungs. 

3 Candida 

glaberata. 

Human 

pathogen 

Also known as Torulopsis glabrata, It infects 

urogenital tract and cause Candidemia. 

4 Fusarium 

solani 

Plant 

pathogen 

 

It is seed born pathogen and is food 

contaminant. It causes disease after ingestion of 

food prepared from grain/seed contaminated by 

fungi that produce toxins. It is known to effect 

cornea. 

5 Mycosporum 

canis 

Animal 

pathogen 

It is one of the most common species of 

dermatophytes and is cause of Tinea capitis and 
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Tinea corporis. It is a zoophilic fungus. The 

source of M.Canis infection is infected domestic 

and stray animals. Human infections are caused 

by contact with animals, soil or indirectly from 

other human colonized with the fungus. In 

human, it causes superficial fungal infections of 

skin  

6 Trichophyton 

longifusus 

Human 

pathogen 

Causes superficial infection of skin, hair and 

nails, results in severe inflammatory infection of 

hair follicles called Favus. It causes permanent 

hair loss. 

*[Bisno and Stevens, 1996; Walker et  al., 2005; Shanson, D.C., 1989; Brooks, 1996]. 
 

1.4.3. Brine Shrimps Lethality Bioassay. 

Brine shrimp lethality bioassay is an important tool to know about the toxicity of 

plants. It works on a simple principle and that is the ability to kill cultured brine shrimps. 

Micheal proposed it and this bioassay were developed by Vanhaecke, Sleet and Brendel 

later on. Now-a- days this bioassay technique is used for the determination of fungal 

toxins, toxicity of the plants, pesticides etc. it is also in a wide use for bioassay guided 

fractionation and isolation (Krishnaraju et al., 2005). It is easy to perform this activity 

because it has low cost, simple and needs a very small amount of toxins. The eggs of 

Artemisia saline (brine shrimp), is readily available, when placed in sea water under 

specific conditions hatch producing a large number of larvae within 24 hours. It is so 

simple just to observe wether the sample kills them or not nothing else. This method 

predicts about the cytotoxic capability and the pesticides tendencies of the crude extracts 

of plants. This activity has resulted in the discovery of new pesticides (annonaceous 

acetogenins) and antitumor agents (McLaughlin et al., 1998). Any sample ,wether natural 

or synthetic, do also have antitumor activity as the cytotoxicity andante tumor activity are 

related to one another (Horgen et al., 2001). 
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1.4.4. Insecticidal Bioassay: 

Man needs food. Food is obtained from nature either plants or animals. This food 

is stored in various ways. This stored food is always in danger from pests.  Pesticides are 

used to kill pests. Amongst pesticides those pesticides which are obtained from plants are 

very safe and are biodegradable (Mulla and TIANYUN, 1999). Examples of some 

harmful pests are Rhyzopertha dominica and Tribolium castaneum. They both cause a 

loss of wheat grains. To protect such loses pesticides are used  against them either  by 

spraying on grains or mixing them with grains (Prates et al., 1998). 

Plants are always in danger from man animals and insects. As plant produce 

various secondary metabolites for defense purposes. So these secondary metabolites not 

only protect the plants but also repel the harmful insects. So these secondary metabolites 

are best suited to be used for pest control (Saxena, 1989; Wink, 1993).some of such 

secondary metabolite having insecticidal activity are monoterpenes, sesquiterpenes 

lactones and triterpenes (Heywood et al., 1977; Barney et al., 2005). Natural sources of 

insecticides are preferred over the synthetic because a large number of side effects are 

attached to synthetic insecticides. There is also a problem of degradation as synthetic 

insecticides are not bio degradable thus has an adverse effect on the ecosystem(Pavela, 

2004)  given in Table 9. 

Some of the characteristic of common insects are given in Table 9. 

S/No Insect  Life Cycle 

(days) 

Required 

Temperature( C0) 

Required 

Humidity(100%) 

1 Callosobruchus analis  25-30 25-30 50 – 70% 

2 Rhyzopertha dominica  30 30 50 – 70% 

3 Tribolium castaneum  22-25 30 50 – 70% 

4 Sitophilus oryzea  26-28 25 50 – 70% 

 

1.4.5. Phytotoxic Activity: 

Weeds by definition are those plants which are not cultivated and grow by 

themselves. They feed on the nutrients of original plant that are cultivated. This is why 
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weed has caused a very low agricultural productivity through out the developing 

countries. Industrial development has introduced a large number of synthetic herbicides 

because large number of new resistant herbicides has come into knowledge. These 

herbicides are non specific, very expensive .they harm the environment because they are 

non bio degradable in nature (Bhowmik, 2003). 

Due to all the above stated problems associated with the synthetic sources, natural 

herbicides have been focused very intensively. It is because of the fact that they are: 

 Cheap and less expensive. 

 More effective. 

 Biodegradable 

 Environment friendly. 

 Non hazardeous. 

There are number of plants , plant products  and various compound isolated 

compounds have proven to show Phytotoxic to other plants  so they become  a good 

candidate for being a herbicide (Khan et al., 2003). Due to these certain advantages 

compound like pyrethrum and rotenone were being imported from all over the world 

(Tokar and Green, 2002). 

Lemna minor, also known as duck weed, belongs to family Lamnaceae. It is a miniature 

aquatic monocot (Atta-ur-Rehman., 1991). It contains a filamentous root and three fonds 

(one oral or mother fond and two daughter fonds). It is a unique type of plant containing 

twice as much protein, fats, nitrogen and phosphorus in it tissue as other vascular plants 

contain. It is also considered as a largely a metabolically active cell but having very less 

fibers. Fronds absorb nutrients through the whole plant. Lemna minor grow very easily 

and very well on the stable water bodies which have very rich stores of nutrients such as 

nitrogen and phosphorus. The main regions where it is found naturally and abundantly 

are temperate regions of the North America, Eurasia, Australia and New Zealand. 

Duckweed can grow very easily because it can tolerate a very good range of pH (from 4.5 

to7.5) and also it can grow in shade and sunlight. Being an important part of the food 

chain of the ecosystem it is useful as water corp. Speed of it growth is as double as the 
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other vascular plants have. Common uses of Lemna minor are in throat infections, 

twisting pain and to settle bowl disturbances. 

Herbicides play a key role in weeds management system because they not only 

help the farmers to increase yield but also decrease labor for them. As too much frequent 

use of herbicides a problem of resistance has arisen against these weedicides. The species 

have a tendency to transform into some other species that are very much similar to the 

useful plants. This indiscriminate use also produces many health and environmental 

pollution problems. According to Molisch 1937. ” Allelopathy is an emerging branch of 

applied sciences which studies any process primarily involving secondary metabolites 

produced by plants, algae, bacteria, and fungi that influence the growth and development 

of biological and agricultural systems, including positive and negative effects “ (Macias 

et al., 2000). So there is need to discover new natural drugs which can help farmers to kill 

weeds. 

1.4.6. Urease inhibitory Bioassay: 

Urease, a physiological enzyme, performs various functions in the bodies of plant 

at animals. As name indicates it cleaves urea. It means it hydrolyze urea to produce 

ammonia and carbon dioxide. It is apart of the bodies of animals, human and plants. It 

performs different functions such as it provides nitrogen which is very much required for 

the germination of seeds to start in plants .many micro organism also need nitrogen 

which is provided by urease y breaking urea into ammonia and carbon dioxide (Dixon et 

al., 1975). 

Not only urease is good but sometimes it becomes a cause of various diseases of plant 

and animals. Such as gastritis induced by H.pylori. H.pylori urease can cause 

gastrodudenol infection by producing various functional and phenotype changes which 

lead to the production of gastrodudenol inflammation. It induces the expression of 

monocytes of surface interleukin 2 receptors and increased expression of HLA-DR, 

phenotypic changes consistent with activation it also stimulates various inflammatory and 

necrotic factors(interleukin 1 beta, interleukin 6, interleukin 8, and tumor necrosis factor 

alpha peptides and messenger RNA) (Harris et al., 1996). 
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Another factor that urease contribute to gastritis caused by the H.pylori is that it is 

considered to be essential for the colonization of this strain in the acidic pH of the 

stomach. It is believed that it makes the pH around the organism a little alkaline which 

enables H.pylori to survive in a acidic medium (Eaton et al., 1991). 

Urease is also responsible for producing infections induced- urinary stones. It is found 

that it alkalizes urine which results into the following phenomena: 

 Urine is saturated with calcium phosphate and struvite. 

 Crystals of calcium phosphate and struvite are formed. 

Due to the above reason it helps in the production of urinary stone which is then 

responsible for urinary infections (Griffith et al., 1976). 

Due to all these complication there is greater need to discover various pure 

compounds that can inhibit urease to protect from the above mentioned infections. There 

are number of compound which inhibits the urease some of them are given in Table 10. 

The study of these urease inhibitors is very important because we know from this study 

how urease works and how we can inhibit it (Krajewska, 2009). 

Table 10. Urease inhibitors 

S/No Urease inhibitors Mechanism of inhibition 

1 Urea (substrate) Uncompetitive 

2 Ammonium ion (product) Noncompetitive 

3 Urea analogues 

 Hydroxyurea  

 Formamide 

 Thiourea 

 Ethylurea 

 Methylurea 

Competitive 

4 Thiols 

 Mercaptoethanol 

 

5  Acylhydroxamic acids Competitive slow-binding 



 

Introduction   
 

 
                                   
 
 
 

64

 Acetohydroxamic acid 

6 Amides and esters of phosphoric acid 

 Phosphoric triamide (PTA) 

 Phenylphosphorodiamidate (PPD) 

 4-Chlorophenylphosphorodiamidate 

 N-(diaminophoshinyl)-4-fluoro-

benzamide 

Competitive slow-binding 

7 Boron compounds 

 Boric acid 

 Butylboronic acid 

 Phenylboronic acid 

 4-Bromophenylboronic acid 

Competitive 

 Quinones 

 1,4-Benzoquinone 

 2,5-Dimethyl-1,4-benzoquinone 

 Tetrachloro-1,4-benzoquinone 

 

(Krajewska, 2009) 

1.4.7. Anti-inflammatory Activity: 

Response of the body to any stimuli which cause injury to the body is called as 

inflammation which is characterized by redness of that part of the body, pain, swelling of 

that area, increased temperature and loss of function. The inflammatory process is also 

associated with the production and release of many mediators including prostaglandins 

(PGs), leukotrienes (LTs), histamine, bradykinin, platelet activating factor (PAF) and the 

pro inflammatory cytokines including interleukin-1 (IL-1), IL-8 and TNF. Neutrophiles 

contains defense mechanisms through protein signaling pathways and generating toxic 

oxygen metabolites including reactive oxygen species by various pathways. 

One of the most common examples of inflammation is the rheumatoid arthritis. Through 

out the world almost 0.8 % people are suffering from these inflammatory dieses. Women 



 

Introduction   
 

 
                                   
 
 
 

65

have a high ratio than men (3:1). The main mediators of inflammatory response in this 

case are tumor necrosis factor α (TNF α ) and interleukin (O'Dell, 2004). 

Historically, at least over the past 20 years in the modern era of target-based drug 

discovery, a relatively small number of pivotal targets have been identified that have 

yielded any successful anti-inflammatory drugs. Most of these are antagonists of 

endogenous pro inflammatory mediators such as prostaglandins, leukotrienes and 

histamine. Natural products possess strong potential as source of new lead compounds 

that could screened for Anti-inflammatory activities [Khan et al., 2009]. 
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2.1. Phytochemical Studies 
 

2.1.1. Structure elucidation of the isolated compounds 

Advanced techniques used for the structure elucidation of compounds from Zizyphus 

oxyphylla Edgew were EIMS, HRESIMS, 1HNMR, 13CNMR, and DEPT and 2DNMR 

techniques including 1H-1H COSY, HMQC, NOESY and HMBC. Through the process of 

structure elucidation three compounds (1-3) identified as were new compounds amongst 

all the isolated compounds from this plant. These compounds were; 

1. Oxyphylline B (1) 

2. Oxyphylline C (2) 

3. (+)-R,S Maackiain (3) 

Some known compounds were also isolated from this plant as given following. 

1. Oxyphylline D (4) 

2. Nummularine-C (5) 

3. Nummularine-R (6) 

4. -sitosterol (7) 

5. Stigmasterol 3- O- -glucoside (8) 

Amongst these known compounds, only Nummularine-R (6) was previously isolated 

from Z. oxyphylla, while other known compounds were for the first time isolated from 

this plant so they are from new source. 

 

2.1.1.1. Structure Elucidation of Oxyphylline B (1) 

Compound (1) was obtained as an amorphous solid, its optical rotation [] D =      

-76.2 (c 0.02, acetone) indicated the presence of chiral center in the molecule. UV 

spectrum displayed absorption at 275 nm, while IR spectrum exhibited absorptions 

between 3300-3400 cm-1 (NH), 1656 cm-1 (amide), 1508-1624 cm-1 (aromatic) 

respectively. 
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Figure 4. Oxyphylline B (1) 
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EIMS showed molecular ion peak (M+) at m/z 572, which in combination to 13C 

NMR gives molecular formula of C33H40N4O5. Presence of a peak m/z 131 (100%) on 

mass spectrum inferred the presence of cinnamoyl moiety in the molecule, key mass 

fragmentation in compound 1 is shown in Figure 5. 

 

Figure 5. Key Mass fragmentation of (1) 
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1H-NMR displayed resonances at  0.77 d (J20,17 = 7.5 Hz), 0.78 t (J19,18 = 7.5 Hz), 

0.84 d (J27,26 = 6.5 Hz) and 0.94 d (J28,26 = 6.5 Hz), which were assigned to the C-20, C-

19, C-27, and C-28 methyl protons respectively. Methine protons resonated at  1.97 m, 

1.99 m, 4.10 dd (J7,17  = 9.5, J7,6  = 4.0 Hz), 4.26 d (J4,3 = 5.5 Hz), 4.50 t (J 25, 26/29 = 8.5 

Hz) and 5.45 ddd (J3, 21 = 7.0 Hz, J3, 4  = 5.5 Hz, J3, 21′  = 3.0 Hz) were ascribed to the H-

26, H-17, H-7, H-4 and H-3 respectively. Similarly, olefinic protons was observed as 

doublet of doublet at  6.10 dd (J10,9  = 9.5 Hz, J10,11 = 7.5 Hz) and 6.38 d (J11,10  = 7.5 Hz) 

were assigned to the H-10 and H-11 respectively.  Coupling constant values indicated the 

H-10 and H-11 are cis to each other. Similarly resonances at  6.85 d (J31,32  =  15.5 Hz) 

and 7.58 d (J32,31 = 15.5 Hz) were attributed to the H-31 and H-32 protons and their 

coupling constants values indicated that they are trans to each other. Four ortho and meta 

coupled protons resonated at  7.37 dd (J15, 16  = 8.5 Hz, J 16, 14 = 2.5 Hz), 7.06 dd (J14, 13 = 

8.5 Hz, J 14, 15 = 2.5 Hz), 7.30 dd (J16, 15 = 8.5 Hz, J 16, 13 = 2.5 Hz) and 7.18 dd (J13, 14 = 

8.5 Hz, J13, 16 = 2.5 Hz), which were assigned to the H-15, H-14, H-16 and H-13 

respectively. These two sets of ortho coupled protons inferred that ortho and para 

substituted benzene ring is present in molecule. 1H-1H COSY spectrum indicated the 

different spin systems in the molecule. H-4 ( 4.26) exhibited cross peaks with H-3 ( 

5.45) which in turn showed correlations with 2H-21 ( 1.28 and 2.15). This spin system 

extended up to 2H-22 ( 3.50 and 4.48) that inferred the presence of -substituted proline 

amino acid unit in molecule. Similarly H-7 ( 3.95) showed cross peaks with H-17 which 

in turn showed correlation with H2-20 and H2-18 this spin system extended up to the H3-

19. This indicated the presence of isoleucine amino acid unit as a part of cyclic ring 

system. H-10 ( 6.10) exhibited cross peaks in COSY spectrum with H-9 ( 7.54) and H-

11 ( 6.38). Similarly H-25 ( 4.50) exhibited the cross peaks with H-29 ( 7.6) and H-26 

( 1.97),  H-26 in turn showed correlations with H-27 ( 0.84) and H-28 ( 0.94). This 

spin system indicated the presence of valine amino acid unit.  
13C NMR (BB and DEPT) (Table 11) displayed resonances for thirty three 

carbons including four methyl, three methylene, nineteen methine and seven quaternary 

carbons. The combined use of 1D (1H, and 13C) and 2D spectra (COSY and HSQC) 
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revealed the different spin systems of the amino acid units such as isoleucine, proline and 

valine as well as p-oxygenated Z-styrylamine and cinnamoyl moiety.  

An HMBC experiment was performed to assemble the different spin systems, 

functionalities and position of hetero atoms. The HMBC connectivity of H-7 ( 4.10) to 

C-5 ( 172.1), C-8 ( 168.1), C-17 ( 37.1) and C-18 ( 24.8) re-affirming the presence 

of isoleucine unit as a part of cyclic ring. Similarly H-3 ( 5.80) exhibited the HMBC 

connectivity with C-21 ( 32.8), C-4 ( 65.4), C-1 ( 158.7), and C-22 ( 47.2) confirms 

the presence of -substituted proline unit. While H-10 ( 6.10) showed correlations with 

C-8 ( 168.1), C-12 ( 133.4) and reconfirmed the presence of styrylamine moiety. 

HMBC cross peaks for methine hydrogen H-25 ( 4.50) to C-24 ( 172.0), C-30 ( 

166.2), C-26 ( 31.8) and C-27 ( 19.4), revealed the fact that valine amino acid unit has 

joined the proline amino acid unit and cinnamoyl moiety. Furthermore H-31 displayed 

HMBC correlations with C-30 ( 166.2) and C-33 ( 136.3) reconfirmed the previous 

statement as shown in Figure 6. 

 

 Figure 6. Key HMBC interactions in Compound (1) 
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Stereochemistry of compound (1) was assigned on the basis of coupling constant 

values and NOESY spectroscopy. Key NOESY interactions in compound (1) are shown 

in Figure7. 

 

Figure 7. Key COSY and NOESY interactions in compound (1) 
 
 

Rhamnaceae family is rich for cyclopeptide alkaloids (Cassels et al., 1974). Oxyphylline 

B is the member of a class of cyclopeptide alkaloids (14-membered) like many other 

cyclopeptide alkaloids isolated such as Zizyphine D (Hindenlang et al., 1980), Zizyphine 

E (Cassels et al., 1974) 
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Table 11. 1H- and 13C-NMR Chemical Shift Assignments for Compound (1) (500 and 
125 MHz) in C3D6O. 
Carbon # Multiplicity  C H (J, Hz) HMBC Correlation 

1 C 158.7 -   
3 CH 85.3 5.45 ddd (7.0, 5.5, 3.0) 21, 4 , 1, 22 
4 CH 65.4 4.26 d (5.5) 5, 24 
5 C 172.1 -  - 
6 NH - 6.90 d (4.0) 5, 7 
7 CH 59.2 4.10 dd (9.5, 4.0) 5, 8 , 17, 18 
8 C 168.1  -  - 
9 NH - 7.54 d (9.5)  - 
10 CH 126.6 6.10 dd (9.5, 7.5) 8, 12 
11 CH 117.3 6.38 d (7.5) 10, 12, 13 
12 C 133.4  -  - 
13 CH 123.6 7.18 dd (8.5, 2.5)  - 
14 CH 131.5 7.06 dd (8.5, 2.5)  - 
15 CH 130.3 7.37 (8.5,2.5)  - 
16 CH 122.7 7.30 dd (8.5, 2.5)  - 
17 CH 37.1 1.99 m  - 
18 CH2 24.8 1.11 m, 1.59 m  - 
19 CH3 16.2 0.78 t (7.5)  - 
20 CH3 12.3 0.77 d (7.5)  - 
21 CH2 32.8 1.28 m, 2.15 m  - 
22 CH2 47.2 3.50 m, 4.48 m 21, 24 
24 C 172  -  - 
25 CH 56.6 4.50 t (8.5)  24, 30, 26, 27 
26 CH 31.8 1.97 m 25,27,28 
27 CH3 19.4 0.84 d (6.5)  - 
28 CH3 19.1 0.94 d (6.5)  - 
29 NH   7.6 d (8.5) 25,30 
30 C 166.2    - 
31 CH 122.3 6.85 d (15.5) 30 , 33 
32 CH 141 7.58 d (15.5) 30, 31, 34 
33 C 136.3 -  - 
34 CH 129.7 7.39 br d (7.5) - 
35 CH 128.5 7.57 br t (7.5) - 
36 CH 132.6 7.07 br t (7.5) - 
37 CH 129.7 7.39 br d (7.5) - 
38 CH 128.5 7.57 br t (7.5) - 
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2.1.1.2. Structure Elucidation of Oxyphylline C (2) 

       Compound (2) was obtained as an amorphous solid with optical rotation of []D
25 = -

49.7 (c 0.02, acetone) and indicated the presence of chiral center in molecule. The IR 

spectrum exhibited bands corresponding to amine (3375 cm-1), amides (1625-1687 cm-1) 

and aromatic unsaturation 1591 cm-1. UV spectrum showed absorption at 283 nm.  

 

 

Figure 8. Compound 2 (Oxyphylline C) 
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HRESI-MS showed quasi molecular ion [M+H]+ at m/z  655.2975 corresponding 

to the molecular formula  C40H38N4O5 (calcd. C40H38N4O5 + H = 655.2920). The mass 

fragmentation pattern has been given in Figure 9. 

 

Figure 9: Key Mass fragmentation of compound 2  

 

The 1H-NMR spectrum (Table 12) displayed absorptions for double bonds, 

aromatic protons, methylene protons and methine protons adjacent to heteroatom. 

Methine protons resonated at   3.95 br d (J7,23  = 7.8 Hz), 4.39 m, 4.80 dd (J4,26 = 10.2 

Hz, J 4,3 = 7.2 Hz), and 5.80 d (J3,4 = 7.2 Hz) which were ascribed to H-7, H-28 , H-4 and 

H-3 protons respectively. Olefinic protons at  6.55 dd (J10,9  = 10.0 Hz, J10,11 = 7.2 Hz) 
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and 6.42 d (J11,10  = 7.2 Hz), were assigned to H-10 and H-11,  coupling constant values  

revealed that H-10 and H-11 are cis to each other. Similarly resonances at  6.65 d (J38,39  

=  15.0 Hz) and 7.53 d (J39,38 = 15.0 Hz) were attributed to the H-38 and H-39 protons, 

their coupling constant values indicated that they are trans to each other. Four ortho and 

meta coupled protons resonated at  7.0 dd (J15, 16 = 8.4 Hz, J 16, 14 = 3.0 Hz), 7.1 dd (J14, 

13 = 8.4 Hz, J 14, 15 = 3.0 Hz), 7.27 dd (J16, 15 = 8.4 Hz, J 16, 13 = 3.0 Hz) and 7.35 dd (J13, 14 

= 8.4 Hz, J13, 16 = 3.0 Hz), which were assigned to the H-15, H-14, H-16 and H-13 

respectively , this two sets of ortho coupled protons inferred that ortho, para substituted 

benzene ring is present in molecule. Other overlapped 15 aromatic protons at the range of 

 7.07 – 7.71 indicated the presence of additional benzene rings as a side chain in 

molecule. 1H-1H COSY spectrum indicated the different spin systems in molecule, H-4 ( 

4.80) exhibited cross peaks with H-3 ( 5.80) and H-26 ( 7.78). Similarly H-7 ( 3.95) 

showed cross peaks with H2-23 which in turn showed correlation with H2-24, this spin 

system extended to the H2-25, this indicated the presence of proline ring as a part of 

cyclic ring system. H-10 ( 6.65) exhibited cross peaks in COSY spectrum with H-9 ( 

7.51) and H-11 ( 6.42). Similarly H-28 ( 4.39) exhibited the cross peaks with H2-29 ( 

2.73, 3.29) and H-36 ( 7.11).  

Similarly 13C NMR (BB and DEPT) (Table12) displayed resonances for forty 

carbons including four methylene, twenty seven methine and nine quaternary carbons. 

The combined use of 1D (1H, and 13C) and 2D-NMR spectra (COSY and HSQC) 

revealed the different spin systems of the amino acid units such as phenylalanine and 

proline as well as p-oxygenated Z-styrylamine and cinnamoyl moiety.  

An HMBC experiment was used to assemble the different spin systems, 

functionalities and position of hetero atoms. The HMBC connectivity of H-7 ( 3.95) to 

C-5 ( 172.0), C-8 ( 167.7), C-23 ( 25.9), C-24 ( 25.4) and C-25 ( 47.9) reaffirming 

the presence of proline moiety as a part of cyclic ring. Similarly H-3 ( 5.80) exhibited 

the HMBC connectivities with C-5 ( 172.0), C-4 ( 57.0), C-1 ( 156.8), C-17 ( 139.0) 

confirms the presence of -substituted phenylalanine unit. While H-10 ( 6.55) showed 

correlations with C-8 ( 167.7), C-12 ( 133.0) reconfirmed the presence of styrylamine 

moiety. HMBC cross peaks for methine hydrogen (H-28) to C-27 ( 169.7), C-37 ( 
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166.4), C-29 ( 37.0) and C-30 ( 138.5), suggested the presence of -phenylalanine unit. 

Furthermore H-38 displayed HMBC correlations with C-37 ( 166.4) and C-40 ( 136.2) 

indicated that cinnamoyl moiety joined to the -phenylalanine unit.  

 

 

Figure 10: Key HMBC interactions in Compound 2. 
 
 

The NOESY spectrum indicated that proline unit is the part of cyclic ring, through 

correlation between H-4 ( 4.80) and H2-25 ( 3.07 and 3.28). The NOESY correlation 

between H-38 ( 6.65) and NH-36 ( 7.11) reconfirmed the attachment of cinnamoyl 

moiety with -phenylalanine unit. Key NOESY correlations in compound 2 are shown in 

Figure 11.  The -substituted phenylalanine moiety was identified as erythro on the basis 

of coupling constant (J3,4  = 7.2 Hz) (Morel et al., 2002). 
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Figure 11: Key COSY and NOESY interactions in compound 2. 
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Table 12. 1H- and 13C-NMR Chemical Shift Assignments for Compound 2 (Oxyphylline 
C) (600 and 150 MHz) inC3D6O 
Carbon # Multiplicity C H (J, Hz) HMBC 

Correlations 
1 C 156.8 -   
3 CH 83.8 5.80 d (J3,4 = 7.2 Hz) 5 , 4, 1, 17 
4 CH 57 4.80 dd (J4, 26  = 10.2, J4, 3 = 7.2 Hz) 17, 3, 27 
5 CO 172 -   
7 CH 59.8 3.95 br d ( J7,23  =  7.8 Hz) 5 , 8 , 23 , 24, 

25 
8 C 167.7  -  - 
9 NH - 7.51 d (J9,10 = 10.0 Hz)  - 
10 CH 126.7 6.65 dd (J10, 9 = 10.0 Hz, J10,11 = 7.2 

Hz) 
8 , 12 

11 CH 116.7 6.42 d ( J11, 10 = 7.2 Hz) 12, 13 
12 C 133  -  - 
13 CH 123.2 7.35 dd (J13, 14 = 8.4 Hz, J13, 16 = 3.0 

Hz) 
 - 

14 CH 131.4 7.1 dd  (J14, 13 = 8.4 Hz, J 14, 15 = 3.0 
Hz) 

 - 

15 CH 132.5 7.0 dd  (J15, 16 = 8.4 Hz, J 15, 14 = 3.0 
Hz) 

 - 

16 CH 123.9 7.27 dd (J16, 15 = 8.4 Hz, J 16, 13 = 3.0 
Hz) 

 - 

17 C 139 -  - 
18 CH 129 7.71 br. d (J18, 19 = 7.2 Hz)  - 
19 CH 128.6 7.15 br t (7.2)  - 
20 CH 128.7 7.29 br t (7.2)  - 
21 CH 128.6 7.15 br t (7.2)  - 
22 CH 129 7.71 br. d (J18, 19 = 7.2 Hz)  - 
23 CH2 25.9 1.51 m, 2.11 m  - 
24 CH2 25.1 1.35 m, 1.74 m  - 
25 CH2 47.4 3.07 t (8.4), 3.28 m 7 
26 NH - 7.78 d (J26, 4 = 10.2 Hz)  - 
27 CO 169.7 -  - 
28 CH 56.1 4.39 m 27 , 37, 29, 

30 
29 CH2 37 2.73 dd (11.4,10.8), 3.29 dd  ( 11.4, 

3.6) 
 - 

30 C 138.5 -  - 
31 CH 129.8 7.12 br d (7.2)  - 
32 CH 129.3 7.20 br t (7.2)  - 
33 CH 130.7 7.15 br t (7.2)  - 
34 CH 129.3 7.20 br t (7.2)  - 
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35 CH 129.8 7.12 br d (7.2)  - 
36 NH - 7.11 d (7.5) 28,  29, 37 
37 CO 166.4 -  - 
38 CH 120 6.65 d (15.0) 37, 40 
39 CH 142.7 7.53 d (15.0) 37, 40, 41 
40 C 136.2  -  - 
41 CH 129 7.10 br d (7.2)  - 
42 CH 128.6 7.20 br t (7.2)  - 
43 CH 129.8 7.07 br t (7.2)  - 
44 CH 128.6 7.20 br t (7.2)  - 
45 CH 129 7.10 br d (7.2)  - 
 

2.1.1.3. Structure Elucidation of Compound 3 (+)-(R, S)-Maackiain 

The compound (3) was isolated as white amorphous material with optical rotation 

[]D
25 = + 7.5 (CHCl3, c 0.5).  The EIMS exhibited the M+ peak at m/z 284. HREI-MS 

displayed M+ at 284.1213 which is consistent with the molecular formula C16H12O5 

(calcd = 284.1216). The IR (KBr) cm-1 indicated stretching vibrations for OH at (3382), 

C ═ C (1622) and C−O (1138). The characteristic absorptions showed by UV spectra 

were at 309, 291 and 286 nm respectively. These absorbances are typical to the skeleton 

of a flavonoid (Heim et al., 2002).  

 

Figure 12: Compound 3 (+)-R, S Maackiain 

 



 

 Results and Discussion   
 
 

 
80 

 

1H-NMR (Table 13) exhibited resonance at δ 3.53 (1H, ddd  J 6a,6ax = 10.0 Hz, J 6a, 

11a = 6.8 Hz, J 6a, 6eq = 4.0 Hz) was assigned to H-6a, its axial orientation was predicted on 

the basis of coupling constant values as it showed with H-6 ax (10.0 Hz), while a signal at 

δ 3.61 (1H, t, J 6ax,6a / 6ax,6eq = 10.0 Hz ) and at δ 4.25 (1H, dd, J 6eq, 6ax = 10.0 Hz, J 6eq, 6a = 

4.0 Hz) were assigned to H-6 ax and H-6 eq  protons respectively. While signals at δ 5.47 

(1H, d, J 11a, 6a = 6.8 Hz) was assigned to the H-11a. This revealed that compound has 

pterocarpan as basic skeleton (Pachler, 1967).  Resonances at δ 5.89 (1H d, J = 10.8 Hz) 

and 5.92 (1H d, J = 10.8 Hz) were assigned to the oxymethylene (O-CH2-O) protons. 

Two aromatic signals at δ 6.38 s and 6.88 s were assigned to H-10 and H-7 respectively, 

whereas H-1 was appeared at δ 7.27 (1H, d, J 1,2 = 8.4 Hz) while H-8 resonated at δ 6.53 

(1H, dd, J 2,1 = 8.4 Hz and J 2,4 = 2.4 Hz). A meta coupled signal at δ 6.34 (1H, d, J 4,2 = 

2.4 Hz) was attributed to H-4.  

The 13C-NMR (broad band and DEPT) displayed resonances for sixteen carbon 

signals including two methylene, seven methine and seven non hydrogenated carbons 

(Table 2.1.3). 1H and 13C-NMR inferred that compound has pterocarpan type basic 

skeleton, with oxymethylene and hydroxyl group as substituent and this was further 

confirmed by using 2D-NMR spectroscopy such as COSY, HSQC and HMBC. 

Different spin system was revealed with the help of COSY spectrum. H-11a (δ 

5.48) showed cross peaks on COSY spectrum with H-6a (δ 3.53) which in turn showed 

correlation with H2-6 (δ 3.61 and 4.25). Key COSY correlations in compound are shown 

in Fig.14. Different spin system and functionality were assembled by using HMBC 

interactions. Key HMBC interactions in compound are shown in Figure 13. 
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Figure 13: key HMBC correlations of compound 3. 

 

Stereochemistry at carbons C-6a and C-11a were inferred with the help of 

coupling constant values and it was confirmed by NOESY interaction. H-11a proton 

appeared at δ 5.47 has a NOESY correlation (Figure 14) with H-6ax ( 3.61), which 

confirm that H-11a is axially oriented. 
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Figure 14. Key COSY and NOESY interactions in compound (3) 
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3.1.1.4. Structure Elucidation of Compound (4) (Oxyphylline D) 

Compound (4) was isolated as an amorphous solid having [] D25 = -82.6 (c 0.02, 

acetone). HRESI-MS displayed quasi-molecular ion [M + H] + at m/z 533.2323 which in 

combination with 13C NMR spectroscopy suggested the molecular formula of 

C30H36N4O5 (calcd for C30H36N4O5 + H+ = 533.1763). EIMS spectrum showed base peak 

at m/z 148 which indicated the presence of N, N-dimethyl phenylalanine as a side chain 

(Machado et al., 1995). IR spectrum showed absorptions at 3396 (NH), 1643 and 1697 

(amide), 1508 (C=C) cm-1 respectively. UV spectrum displayed absorptions at 319 and 

264 nm. 

 

Table 13. 1H- and 13C-NMR Chemical Shift Assignment of Compound (3) (600 and 150 
MHz) inC3D6O 
Carbon # C Multiplicity H (J, Hz)
1 CH 133 7.27 d ( J1,2 =  8.4 Hz) 
2 CH 110.4 6.53 dd (J 2,1 =  8.4 Hz,  J 4,2 = 2.4) 
3 C 159.7 - 
4 CH 103.9 6.34 d (J 4,2 = 2.4) 
4a C 157.7 - 
6 CH2 66.9 4.25 dd  ( 10.4, 4.0), 3.61 t (10.0) 
6a CH 41 3.53 ddd (10.0, 6.8, 4.0) 
6b C 119.5 - 
7 CH 105.9 6.88 s 
8 C 143 - 
9 C 149 - 
10 CH 93.94 6.38 s 
10a C 155.3 - 
11a CH 79.4 5.47 d  (J 11a, 6a = 6.8) 
11b C 112.8 - 
OCH2O CH2 102.1 5.89 d (  J= 10.8) 
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Figure 15. Compound (4) (Oxyphylline D) 
 

  In the 1H NMR spectrum, a 6H methyl singlet at   2.38 was assigned to N, N-

dimethyl protons. Methine protons resonanated at  3.25 (dd, J5, 15 = 10.5 Hz, J5, 15′ = 5.5 

Hz), 3.50 (dd, J22, 23 = 10.0 Hz, J22, 23′  = 3.5 Hz), 4.40 (d, J8,9  = 5.5 Hz) and 5.12 (m) were 

assigned to H-5, H-22, H-8 and H-9, respectively. Whereas two olefinic protons 

resonated at  5.86 (d, J1, 2 = 8.5 Hz) and 6.80 (dd, J2, 1 = 8.5 Hz, J2,3 = 7.5 Hz) and were 

attributed to the  H-1 and H-2, respectively. Aromatic protons resonated at  6.75 (d, J12, 

12′ = 3.0 Hz), 6.83 (dd, J12′, 13′ = 9.0 Hz, J12′, 12 = 3.0 Hz), 6.98 (d, J13′, 12′ = 9.0 Hz) and 

were ascribed to the H-12, H-12′ and H-13′, respectively. Other five resonances at  7.12 

-7.20 were due to the phenyl protons of the phenylalanine. In the 1H-1H COSY spectrum 

(Figure 17), the resonance at  6.80 (H-2) showed cross peaks with the resonances at  

5.86 (H-1) and  8.38 (NH-3) respectively. The resonance of H-5 ( 3.25) correlated with 

H2-15 ( 1.91, 2.15), which in turn showed correlations with H2-16 ( 1.51, 1.92), and 
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spin system further extended to H2-17 ( 3.44, 4.50). This spin system confirms proline 

(A) as the amino acid of the macrocyclic ring. Similarly, the resonance of H-8 ( 4.40) 

showed in turns cross peaks with H-9, H2-18 and H2-19, which revealed another proline 

(B) ring in molecule. The 13C NMR and DEPT spectra displayed resonances for thirty 

carbon (Table 14) including three methyl, six methylene, fourteen methine and seven 

quaternary carbons. The HMBC correlations were used to join different spin system and 

functionalities of the molecule (Fig. 16). Stereochemistry of compound 4 was determined 

with help of coupling constant values and NOESY spectrum. The resonance of H-12 

showed cross peaks with NH-3, while H-8 showed correlations with both methylene 

protons of C-17.  Key NOESY correlations of compound (4)  as shown in Figure 17. 

 

 

Figure 16. HMBC Correlations of compound (4) 
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Figure 17. Key NOESY and COSY interactions of compound (4) 

 

Actually this compound was isolated by Chughtai MI for the first time but he only gave 

the structure and reported that this is the tentative structure of this compound (Chughtai et 

al., 1982). There was no spectroscopic data available in that report. Here in this work we 

have provided with the complete spectroscopic data as well as stereochemistry of this 

compound (Nisar et al., 2010) 
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Table 14. 1H- and 13C-NMR Chemical Shift Assignments of Compound (4) 

(600 and 150 MHz) in C3D6O 
Carbon # Multiplicity C H   (J, Hz) 
1 CH 107.3 5.86 d (8.5) 
2 CH 122.3 6.80 dd (8.5, 10.5) 
3 NH - 8.38 d (10.5) 
4 CO 168.4 - 
5 CH 45.5 3.25 dd (10.5, 5.5) 
7 C 170.3 - 
8 CH 63.3 4.40 d (5.5) 
9 CH 80.0 5.12 m 
11 C 152.3 - 
12 CH 111.8 6.75 d (3.0) 
12’ CH 117.6 6.83 dd (9.0, 3.0) 
13 C 125.0 - 
13’ CH 114.7 6.98 d (9.0) 
14 C 152.0 - 
15 CH2 29.8 1.91 m, 2.15 m 
16 CH2 25.9 1.51 m, 1.92 m 
17 CH2 48.7 3.44 m, 4.50 m 
18 CH2 33.4 2.13 m, 2.39 m 
19 CH2 45.5 3.23 m, 4.14 m 
21 CO 172.4 - 
22 CH 67.9 3.50 dd (10.0, 3.5 ) 
23 CH2 30.6 2.78 dd (10.0, 9.5 ), 3.10 dd (9.5, 3.5) 
24 C 140.4 - 
25 CH 130.1 7.12 d (7.0) 
25’ CH 130.1 7.12 d (7.0) 
26 CH 128.9 7.19 t (7.0) 
26’ CH 128.9 7.19 t (7.0) 
27 CH 126.6 7.20 t (7.0) 
 OCH3 56.2 3.77 s 
 N(CH3)2 41.5 2.38 s 
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2.1.1.5. Structure Elucidation of Compound (5) (Nummularine-C) 

Compound 5 obtained as an amorphous solid. Its HRESI-MS showed quasi 

molecular ion peak [M + H]+ at m/z 549.2664 corresponding to the molecular formula 

C31H40N4O5 (calcd for C31H40N4O5 + H =  549.3076). The EIMS spectrum showed base 

peak at m/z 148 which ascertained the presence of N, N-dimethyl phenyl alanine as a side 

chain (Tschesche et al., 1974).. IR spectrum showed absorptions at 3310 (NH), 1625 and 

1670 (amide), 1508 (C=C) Cm-1 respectively. UV spectrum displayed absorption at 319 

and 265 nm. 

Compound 5 is closely related with compound 4, with only difference of presence 

of leucine amino acid unit instead of proline. 1H NMR spectrum of 5 (Table 15) showed 

3H signals at  0.90 (d, J17, 16 = 6.5 Hz) and 0.98 (d, J17’, 16 = 6.5 Hz) were assigned to C-

17 and C-17’ methyl protons of leucine moiety. Methine protons resonated at   4.27 m, 

4.42 (d, J8, 9 = 2.5 Hz) and 5.24 m were assigned to the H-5, H-8 and H-9 protons of 

cyclic ring.  Downfield resonated protons at  6.81 (d, J12, 12’ = 3.0 Hz), 6.74 (dd, J12’, 12/13’ 

= 8.7 and 3.0 Hz), 6.97 (d, J13’/12’ = 8.7 Hz), were attributed to the H-12, H-12′, H-13′ 

respectively. The 13C –NMR spectrum (BB and DEPT) showed resonances for all thirty 

one carbons including five methyl, four methylene, fifteen methine and seven quaternary 

carbons. The H-5 ( 4.27) displayed cross peaks in COSY spectrum (Figure 19) with NH-

6 ( 7.80) and C-15 methylene protons ( 2.65 and 2.84), C-15 methine proton further 

extends correlation with C-16 methine proton the correlation extended up to and C-17 

methyl protons. This spin system confirmed the presence of lucine amino acid as a part of 

ring. Combination of different spin system and position of functionality were done with 

the help of HMBC interactions. Key HMBC interactions in compound (5) are shown in 

Figure 20. 

Tschesche, Rudolf and his coworkers isolated this compound for the first time in 

1974 but the structure was only determined on the basis of mass spectrometry (Tschesche 

and Ammermann, 1974). For the first time here we have given complete spectroscopic 

data and also the stereochemistry (Nisar et al., 2010) 
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Figure 18. Compound (5) (Nummularine-C) 
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Figure 19. Key NOESY and COSY interaction of compound (5) 

 

 

 

Figure 20. HMBC Correlations of compound (5) 



 

 Results and Discussion   
 
 

 
90 

 

Table 15. 1H- and 13C-NMR Chemical Shift Assignment of Compound (5) 
(Nummularine-C) (600 and 150 MHz) inC3D6O 
Carbon # Multiplicity C H (J, Hz) 
1 CH 107.6 5.87 d ( 9.0) 
2 CH 122.5 6.81 dd ( 9.0, 7.5) 
3 NH - 8.92 d (10.5) 
4 C 169.5 - 
5 CH 54.4 4.27 m 
6 NH - 7.80 d (6.5) 
7 C 170.8 - 
8 CH 66.2 4.42 d (2.5) 
9 CH 78.5 5.24 m 
11 C 152.0 - 
12 CH 112.5 6.81 (3.0) 
12’ CH 118.0 6.74 dd (8.7, 3.0) 
13 C 125.4 - 
13’ CH 114.6 6.97 d (8.7) 
14 C 152.2 - 
15 CH2 40.6 2.65 m, 2.84 m 
16 CH 25.3 1.87 m 
17 CH3 21.6 0.90 d (6.5) 
17’ CH3 23.7 0.98 d (6.5) 
18 CH3 33.2 2.12, 2.42 m 
19 CH2 46.5 3.22, 4.50 m 
21 C 170.9 - 
22 CH 68.3 3.61 dd (10.0, 3.5) 
23 CH2 31.0 2.82 dd (10.0, 9.5), 3.11 dd (9.5, 3.5) 
24 C 140.45 - 
25 CH 130.0 7.18 bd (7.0) 
25’ CH 130.0 7.18 bd (7.0) 
26 CH 129.0 7.16 t  (7.0) 
26’ CH 129.0 7.16 t (7.0) 
27 CH 126.7 7.12 t (7.0) 
OCH3  56.3 3.77s 
N(CH3)2  41.5 

 
2.37 s 
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2.1.1.6. Structure Elucidation of Compound 6 (Nummularine-R) 

Compound (6) obtained as an amorphous solid. The HRESI-MS showed quasi- 

molecular ion peak [M + H]+ at m/z 588.2789 corresponding to the molecular formula 

C33H41N5O5 (calcd for C33H41N5O5 + H =  588.3185). EIMS spectrum showed base peak 

at m/z 187 which ensured the presence of N, N-dimethyl tryptophan as a side chain (Devi 

et al., 1987). Compound (6) is closely related with compound (4), with only difference in 

presence of isoleucine and tryptophan amino acid units instead of proline and phenyl 

alanine. 

 

Figure 21. Compound (6) (Nummularine-R) 

 

1H NMR spectrum of 6 (Table 16) showed 3H signals at  0.83 (t, J17, 16  = 7.20 Hz) and 

0.92 (d, J18, 15  = 6.6 Hz) were assigned to C-17 and C-18 methyl protons of isoleucine 

moiety. Methine protons resonated at   4.18 (t, J = 6.6 Hz), 4.54 (d, J8,9 = 3.0 Hz) and 

5.24 m were assigned to the H-5, H-8 and H-9 protons of cyclic ring. Downfield 
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resonated protons at  7.55 (d, J26, 27 = 7.5 Hz), 6.99 (t, J27,26/28 = 7.5 Hz), 7.06 ( t , J 8’,9’/7’  

= 7.5 Hz), 7.33 (d, J 9’, 8’ = 7.5 Hz) and 6.90 s were attributed to the H-26, H-27, H-28, H-

29  of the tryptophan.  H-5 ( 4.18) displayed cross peaks in COSY spectrum (Figure 23) 

with NH-6, and C-15 methine proton ( 1.90), C-15 methine proton further extends 

correlation with C-18 methyl protons and C-16 methylene protons. This spin system 

confirmed the presence of isolucine amino acid as a part of ring. Combination of different 

spin systems and position of functionality were done with the help of HMBC interactions. 

Key HMBC interactions in compound (6) are shown in Figure 22. 

 

Figure 22. Key HMBC interactions of compound (6)   

 

Stereochemistry in compound (6) was assigned on the basis of coupling constant values 

matching with literature values and NOESY spectroscopy. Key NOESY interactions in 

the compound (6) are shown in Figure 23. 

 



 

 Results and Discussion   
 
 

 
93 

 

 

Figure 23. Key Noesy and Cosy interaction of compound (6)  

 

This 13 member cyclopeptide alkaloid was first of all by (Devi et al., 1987) from 

Zizyphus species but no spectroscopic data was given. Later on it was also isolated from 

Zizyphus oxyphylla (Khan et al., 2007) 
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 Table 16. 1H- and 13C-NMR Chemical Shift Assignment of Compound (6)   
(600 and 150 MHz) inC3D6O 

Carbon # multiplicity C H   (J, Hz) 
1 CH 107.6 5.86 d (9.0) 
2 CH 122.4  6.85 dd (10.8, 9.0) 
3 NH - 8.96 d (10.8) 
4 CO 168.7 - 
5 CH 60.8 4.18 t (6.6) 
6 NH - 7.85 d  (6.6) 
7 CO 171.5 - 
8 CH 65.9 4.54 d (3.0) 
9 CH 78.5 5.24 m  
11 C 152.2 - 
12 CH 112.5 6.79 d (3.0) 
12’ CH 117.9 6.75 dd (9.0, 3.0) 
13 C 125.5 - 
13’ CH 114.5 6.95 (9.0) 
14 C 152.1 - 
15 CH 36.6 1.92 m 
16 CH2 25.7 1.19 m, 1.45 m 
16’ CH3 16.4 0.92 d (6.6) 
17 CH3 11.9 0.83 t (7.20) 
18 CH2 33.3 2.11m, 2.40 m 
19 CH2 46.5 3.17 m, 4.09 m 
21 CO 171.3 - 
22 CH 66.9 3.71 dd (10.2, 3.0) 
23 CH2 20.4 3.02 dd (13.8, 3.0), 3.23 dd (13.8, 10.2) 
24 C 112.1 - 
25 C 128.5 - 
26 CH 118.9 7.55 d (7.5) 
27 CH 119.4 6.99 t (7.5) 
28 CH 122.0 7.06 t (7.5) 
29 CH 112.1 7.33 d (7.5) 
30 C 137.5 - 
31 NH - 10.05 br s 
32 CH 123.9 6.90 br s 
 OCH3 56.3 3.77s  
 N(CH3)2 41.7 2.44 s 
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2.1.1.7. Structure Elucidation of Compound (7) (-Sitosterol) 

Compound (7) was obtained as white crystals. The molecular ion peak of this 

compound was established from HREI-MS to be 414.3845 corresponding to the 

molecular formula C29H50O (calculated for C29H50O, 414.3861). In the IR spectrum, 

absorption band for hydroxyl group (3450 cm-1) was observed. In EIMS spectrum of 

compound characteristic fragments ion were visible at 399, 396, 381, 329, and 303 

respectively. 

The 13C -NMR (Broad band and DEPT) displayed 29 carbon signals including six 

methyl, eleven methylene, nine methine and three quaternary carbons showing steroidal 

skeleton. The compound (7) was found as -Sitosterol. It was previously isolated from a 

large number of plant origins and showed antimicrobial, anti-inflammatory, and gastro-

protective activities (Sadikum, et al., 1996). 

 

 

Figure 24. Compound 7 (-sitosterol) 

 

 

 



 

 Results and Discussion   
 
 

 
96 

 

2.1.1.8. Structure Elucidation of Compound (8) (Stigmasterol 3-O- -glucoside) 

Compound (8) was isolated as an amorphous solid. Its molecular formula was 

deduced as C35H58O6 by HR FAB-MS which displayed pseudo molecular ion peak at m/z 

575.4231 [M+H]+ (calcd.for C35H58O6 + H = 575.4233). The 1H NMR of compound (8) 

was conformed to be a stigmasterol with only the difference in additional resonances at  

4.77 (1H, d, J = 7.5 Hz) and signals at  3.84 – 4.44 which were due to the glucose 

moiety. The correlation between carbon 3 of aglycone and the H-1 of glucose revealed 

the point of attachment of glucose. The 13C-NMR displayed 35 carbon signals, out of 

them, 29 carbons for the stigmasterol moiety and the remaining 6 for the sugar molecule. 

The orientation of the glucose was confirmed to be a -linkage due to the coupling 

constant of the anomeric proton (J = 7.5 Hz). The structure of compound (8) was then 

confirmed as stigmasterol 3-O--D-glucoside (Falodun et al., 2008). 

 

 
Figure 25.  Compound (8) (Stigmasterol 3-O- -glucoside) 
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3.1.2. Chemical constituents of oily sub-fractions from n-hexane fraction as 

identified through gas chromatography-mass spectrometry (GC-MS)  

 When hexane fraction of stem was subjected to column chromatography using 

various elution systems, it yielded four oil fractions (WO1-WO4).  Oil sub-fractions of 

both stem and leaves when analyzed by GC-MS, yielded plant fatty acids, lipids, long 

chain hydrocarbons and long chain ketones. Some major compounds which were isolated 

in large quantities were Heptacosane (10.0782 % in sample WO3), Tetracosane acid, 

methyl ester (9.2234 % in sample WO2), Dotriacontane, 1-Hexacosene and 1-Eicosene 

(6.4403, 6.6830 and 6.1095 respectively in sample WO5), Tetracosane, 11decyl- (4.2749 

% in sample WO1), Azafirin (4.4609 % in sample WO1) and Hexacosane, 9-octyl- 

(3.7489 % in sample WO1). While other known compounds below 3 % concentrations. 

There were other compounds which were present in more than one fraction with varying 

concentrations such as 1-Eicosene (in WO1, WO3, WO4 and WO5 fractions), 

Heptacosane (in fraction WO1and WO3) as can be seen in Table2.1.7. Unfortunately rest 

of the peaks in gas chromatogram and their respective mass spectral data remained 

unidentified 

Table 17. Compounds identified by GC/MS  from oil fractions of stem and leaves 
 
S/No Sample Compound Molecular 

weight 
Concentration 

(%) 
Retention 
time (min) 

 1  

 

 

 

 

WO1 

 

Benzene,(1-ethylnonyl)- 232 0.3703 26:16.2 

2 Benzene,(1-butyloctyl)- 246 0.4237 28:09.3 

3 Benzene,(1-ethyldecyl)- 260 1.2313 29.63.0 

4 Benzene,(1-butylnonyl)- 260 1.4792 31:02.3 

5 Pentatriacontane 492 2.6449 32:39.3 

6 Benzene,(1-methyldodecyl)- 260 2.1112 33:04.6 

7 1-Eicosene 280 2.6501 35:16.2 

8 Heptacosane 380 2.5883 37:43.8 

9 Docosane,9-octyl- 422 2.7518 40:06.9 

10 Dotriacontane 450 4.1348 42:20.6 
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11  Tetracosane,11decyl- 478 4.2749 44:25.3 

12 Hexacosane,9-octyl- 478 3.7489 48:27.6 

13 Azafirin 450 4.4609 55:26.9 

14 Tritetracontane 604 3.1051 64:00.0 

15  
 
 
 
 
 
 
 

WO2 

Tetradecanoic acid,12 
methyl-, methyl ester 

242 0.1203 27:48.6 

16 9-octadecenoi acid, methyl 
ester 

296 0.0638 37:34.9 

17 Octadecanoic acid, methyl 
ester 

298 0.6018 38:16.2 

18 13-decosenic acid, methyl 
ester 

352 1.2230 46:25.3 

19 Tetracosane acid, methyl 
ester 

382 9.2234 50:53 

20 Tetradecanoic acid,12 
methyl-, methyl ester 

242 0.1203 27:48.6 

21 9-octadecenoicacid,methyl 
ester 

296 0.0638 37:34.9 

22 Octadecanoic acid, methyl 
ester 

298 0.6018 38:16.2 

23 13-decosenic acid, methyl 
ester 

352 1.2230 46:25.3 

24  

 

 

WO3 

Benzene,(1-butylheptyl)- 232 4.1750 25:13.9 

25 Benzene,(1-butyloctyl)- 246 1.0880 28:02.4 

26 Benzene, (1-ethyldecyl)- 246 3.8437 29:02.4 

27 Eicosane  282 0.6951 35:00.0 

28 7,10-octadecadienoic acid 294 0.9594 37:27.7 

29 6,9,12-octadecatrienoic acid 
,methyl ester 

292 1.4860 37:43.9 

30 Heptacosane 380 10.0782 46.89.0 

31  

WO4 

1-Eicosene 280 2.6501 35:16.2 

32 Octadecanoic acid, methyl 
ester 

298 0.6018 38:16.2 

33  

 

 

 

Nonadecane 268 0.0244 16:14.5 

34 Tetradecane 198 0.0706 16:15.8 

35 pentadecane 212 0.2450 19:32 

36 Heptadecane 240 1.0249 25:16 
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37  

 

WO5 

 

octadecane 254 0.3292 27:29 

38 1-Eicosene 280 1.8941 27:49.9 

39 6,10,14-trimethyl-2-
Pentadecanone 

268 2.5981 29:15.0 

40 Dotriacontane 450 6.4403 30:35.0 

41 1-Hexacosene 364 6.6830 32:52.7 

42 1-Eicosene 280 6.1095 32:56.6 

43 Oleic acid,eicosyl ester 450 2.3247 30:35.0 

44 Pregnan-20-one,5,6-epoxy-, 332 2.6734 42:07.8 

45 Colchifoleine 401 2.5351 42:05.2 
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2.2. Pharmacological Studies on Crude Extract and Fractions 
 

2.2.1. Antibacterial Assay 

Crude extract and its subsequent fractions of both leaves and stem of Zizyphus 

oxyphylla were investigated for antibacterial activity against some of the selected species. 

These bacterial species included Escherichia coli (ATCC 25922), B.subtilus (ATCC 

6633), Shigella flexenari (clinical isolate), Staphylococcus aureus (ATCC 25923), 

Pseudomonas aeruginosa (ATCC 27853) and Salmonella typhi (ATCC 19430). The 

antibacterial activity of each sample was measured in term of the zone of inhibition (in 

mm). 

  

2.2.1.1. Antibacterial activity of stem 

The results that were obtained showed that neither crude nor any fraction of stem 

of Z. oxyphylla showed any antibacterial activity. This shows that stem did not have any 

antibacterial activity against any of the above mentioned bacterial strain. 

 

3.2.1.2. Antibacterial activity of leaves 

In contrary to stem, leaves showed good antibacterial activity. It was found that 

only ethyl acetate fraction (SAS4) of the crude extract from leaves of Z. oxyphylla was 

active. It showed antibacterial activity only against two bacterial strains i.e. B. subtilus 

and S.aureus. The zone of inhibition measured showed that ethyl acetate produced a 16 

mm zone of inhibition against B. subtilus while it produced 18 mm zone of inhibition 

against S. aureus as shown in Table 18. It has been found that no other fraction besides 

ethyl acetate fraction showed any antibacterial activity. 

In term of percent inhibition, it was found that ethyl acetate fraction showed 44.44 

% inhibitory response against B.subtilus and 41 % against S. aureus as compared to the 

std. drug. 

 Form the above results we can also say that only two bacterial strains amongst 

the six tested strains were susceptible to the anti bacterial activity of ethyl acetate fraction 
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of leaves. One of the reasons of this lower susceptibility of these organisms may lie in the 

fact that these strains are clinical isolates i.e. collected from patients in the hospitals. It 

may be concluded that these strains might be already resistant therefore giving a 

diminished antibacterial activity to these fractions and showed low susceptibility 

themselves. 

Literature revealed that plants have shown marked antibacterial activities 

(Dorman and Deans, 2000; Essawi and Srour, 2000; Alzoreky and Nakahara, 2003). 

There was no previous data available about the antibacterial potential of this plant; this is 

why it was screened for its antibacterial potential.  

 

Table 18. Anti-bacterial activity of crude extract and fraction from leaves 

Bacterial 
species 

Zone of inhibition 
of Std drug*(mm) 

Zone of inhibition (mm) 

SAS1 SAS2 SAS3 SAS4 SAS5 SAS6 

E. coli 35 - - - - - - 

B. subtilis 36 - - - 16 - - 

S. flexenari 36 - - - - - - 

S. aureus  43 - - - 18 - - 
P. aeruginosa  32 - - - - - - 
S. typhi 40 - - - - - - 

*Impenum (10 µg disc) 
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Figure 26.  Anti-bacterial activity of crude extract and fraction from leaves of Zizyphus oxyphylla  
 

 SAS1: Crude extract.  SAS2: n-Hex. fraction. 

 SAS3: CHCl3 fraction.  SAS4: EtOAc fraction. 

 SAS5: n- BuOH fraction.  SAS6: Aqueous fraction 

 STD: Standard drug 

2.2.2. Antifungal Activity 

The antifungal activity of crude extract and fractions obtained from both leaves 

and stem of Z. oxyphylla was determined against Candida albicans (ATCC 2091), 

Candida glabarata (ATCC 90030), Aspergillus flavus (ATCC 32611), Mycosporum 

canis (ATCC 11622) and Fusarium solani (ATCC 11712). In this case, two standard 

antifungal drugs namely Amphotericine B and Miconazole were used as standard anti-

fungal drug against Aspergillus flavus and for rest of fungal strains respectively. The anti-

fungal activity was determined by measuring the percent growth inhibition as compared 

to the standard drug with a concentration (400 µg/ml) as a single dose. 

2.2.2.1. Antifungal Activity of Stem 

The results (Table 19) revealed that crude extract of the stem of Z. oxyphylla 

inhibited the growth of A. flavus and M. canis by 10 % and 20 % respectively. n-Hexane 

0
5

10
15
20
25
30
35
40
45

E. coli B. subtilis S. flexaneri S. aureus P.
aeruginosa

S. typhi

zo
n

e 
of

 in
h

ib
it

io
n

(m
m

)

SAS1 SAS2 SAS3 SAS4 SAS5 SAS6 STD



 

 Results and Discussion   
 

 
103 

 

fraction (WAK2) of the stem exhibited 35 % growth inhibition of M.canis. Similarly 

chloroform (WAK3), ethyl acetate (WAK4) and n-butanol (WAK5) fractions of the crude 

extract exhibited 10, 30 and 20 % antifungal activity against M. canis, while the aqueous 

fraction (WAK6)  lead to growth of F. solani by 10 % . 

As far the maximum antifungal activity, n-hexane fraction (WAK2) showed the 

maximum activity indicating 35 % growth inhibition. It was followed by crude extract 

(WAK1) and ethyl acetate fraction (WAK4) that exhibited inhibition by 30 % each.  Two 

fractions (WAK2 and WAK6) showed minimum antifungal activity by inhibiting the 

growth of fungi by 10%. We can thereby concluded from the above results that almost all 

the fractions including the crude extract displayed low antifungal activity. 

As regards the susceptibility of various fungal strains, we observed that M. canis 

remained the most vulnerable fungal strain. Their growth was inhibited by almost all 

fractions except the aqueous fraction of the stem. C. albicans and C. glabarata remained 

resistant strains because neither of the fractions showed any antifungal activity against 

them. On the other hand, two strains namely F.solani and A. flavus exhibited low 

susceptibility as shown in Fig. 27-29. 
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Table 19. Antifungal assay of crude extract and fractions from Stem 

Fungal 
Strain 

% Inhibition Standard Drug 

 
 

WAK1 

 

WAK2 

 

WAK3 

 

WAK4 

 

WAK5 

 

WAK6 
 

C. albicans - - - - - - Miconazole 

A. flavus 10 - - - -  Miconazole 

M. canis 30 35 10 30 20 - Amphotericine B 

F. solani - - - - - 10 Miconazole 

C. glabarata - - - - - - Miconazole 

 

 WAK1: Crude extract.  WAK2: n-Hex fraction. 

 WAK3: CHCL3 fraction.  WAK4: EtOAc fraction. 

 WAK5: n-BuOH fraction.  WAK6:  H2O fraction 

 STD: Standard drug 
 

 

 

Figure 27. Antifungal activity of crude extract and various fractions of stem against 
Aspergillus flavus. 
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Figure 28.  Antifungal activity  of crude extract and various fraction of stem against 
Mycosporum canis. 
 

 

 
Figure 29.  Antifungal activity of crude extract and various fraction of stem against  

Fusarium solani 
 WAK1: Crude extract.  WAK2: n-Hexane fraction. 

 WAK3: CHCl3 fraction.  WAK4: EtOAc fraction. 

 WAK5: n-BuOH fraction.  WAK6: H2O fraction 
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2.2.2.2. Anti-fungal Activity of Leaves 

Anti-fungal activity of the crude extract and fractions of the leaves of Z. oxyphylla 

was measured using tube dilution method. The crude extract (SAS1) showed low 

antifungal activity by exhibiting an inhibitory effect on the growth of two fungi namely 

F. solani and C. glabarata the rate of 35% and 10 % respectively. n–hexane fraction 

(SAS2) also affected the growth of M.canis and F.solani by 20 and 35%, while 30 % 

growth inhibition was displayed by the chloroform fraction (SAS3) against M. canis.  

Also, the growth of M. canis was inhibited by ethyl acetate fraction (SAS4) of the leaves. 

Both n-butanol fraction (SAS5) and aqueous fraction (SAS6) exhibited antifungal activity 

against F. solani but with different rates i.e. 20 % and 35% as shown in the Table 20. 

So from the above discussion we concluded that maximum antifungal activity (35 

%) was shown by three fractions i.e. crude, n-hexane and aqueous fraction. while 

minimum percent growth inhibition was shown by ethyl acetate fraction, while the 

growth inhibition capacity of the chloroform and ethyl acetate was between the maximum 

and minimum i.e. between 35 and 10 %. 

As regard the organism susceptibility, it was found that F. solani was the most 

vulnerable strain to the antifungal property of various fractions and crude extract of 

leaves. All fractions along with crude extract of the leaves have shown some inhibitory 

characteristic against that specie. Just one fraction, ethyl acetate, was not active against F. 

solani. C. albicans and A. flavus were the least susceptible strain against any of the 

fractions. C. glabarata and M. canis were somewhat susceptible to hexane and ethyl 

acetate fraction of the leaves as shown in Figures 30-32. 

When we took the whole picture in our mind we concluded that growth inhibition 

of any fraction of leaves did not reach up to 40 %. So we can say that almost all the 

fraction of the leaves showed low antifungal activity. 

When we compared the antifungal activities of crude extract and its various 

fractions of both stem and leaves it was found that maximum growth inhibition (35 %) 

was shown by both leaves and stem. Incase of stem n-hexane fraction showed the 

maximum antifungal activity while in the case of leaves three fractions i.e. crude n 

hexane and aqueous fraction exhibited the maximum activity. In case of susceptibility M. 



 

 Results and Discussion   
 

 
107 

 

canis was the most susceptible fugue for crude extract and fractions of stem while F. 

solani was the most susceptible in the cases of leaves.  

As compared to bacterial infection, fungal infection infections were not considered as 

serious problem. It is evident from the fact that between 1950 and 1970 death rate due to 

candidacies was very low. But after 1970 there was an increase in the death rates due to 

fungi. This increase in fungal infection was associated with some of the medical practices 

such as wide spread use of broad spectrum antibiotics, use of immunosuppressant drugs 

(Ghannoum and Rice, 1999).  

Nosocomial antifungal infections are the major cause of human deaths caused by 

fungi. C. albicans is not fatal when it is present as part of normal flora of the mouth. It is 

normally present on the mucous membrane of the mouth. As it is opportunistic in nature 

so whenever it finds opportunity causes various infections specially when the patients 

uses  immune suppressant drugs (Ellepola and Samaranayake, 2000; Hodgson and 

Rachanis, 2002).Therefore it is necessary to explore new antifungal agents for better 

health care and combat the infections caused by the resistance fungal strains. 

Table 20. Antifungal assay of crude extract and fractions of leaves. 

Fungal 
Strain 

% Inhibition Standard Drug 

 
 

SAS1 

 

SAS2 

 

SAS3 

 

SAS4 

 

SAS5 

 

SAS6 
 

C. albicans - - - - - - Miconazole 

A. flavus 10 - - - -  Miconazole 

M. canis - 20 - 10 - - Amphotericine B 

F. solani 35 35 30 - 20 35 Miconazole 

C. glabarata 10 - - - - - Miconazole 

 

 SAS1: Crude extract.  SAS2: n-Hexane fraction. 

 SAS3: CHCl3 fraction.  SAS4: EtOAc fraction. 

 SAS5: n-BuOH fraction.  SAS6: H2OA fraction 

 STD: Standard drug 
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Figure 30. Antifungal activity of crude extract and various fractions of leaves against 
Mycosporum canis. 
 

 

Figure 31. Antifungal activity of crude extract and various fractions of leaves against 
Fusarium solani 
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Figure 32. Antifungal activity of crude extract and various fractions of leaves against 
Candida glabarata 
 

 

 SAS1: Crude extract.  SAS2: n-Hex. fraction. 

 SAS3: CHCl3 fraction.  SAS4: EtOAc fraction. 

 SAS5: n-BuOH fraction.  SAS6: H2O fraction 

 STD: Standard drug 
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2.2.2.3. Antifungal Activity of Oil Fractions 

Antifungal activity of various oils obtained from the n-hexane fractions of both 

stem and leaves was also tested against the same fungal species as given above. Oil 

fractions from WO1 to WO4 were obtained from n- Hexane fraction of stem while WO5 

was obtained from n-hexane fraction of leaves of Z. oxyphylla. 

The results revealed that all the oil fractions of stem showed antifungal activity 

against M. canis. The fractions (WO1-WO4) exhibited inhibitory response to the growth 

of M. canis at the rate of 35, 35, 30 and 10 % respectively. Faction WO1 inhibited the 

growth of F. solani by 10 % while WO4 displayed 20 % growth inhibition of A. flavus. 

The other fractions of oil from stem did not show antifungal activity against any other 

fungi except M. canis. However, WO5 which was obtained from the n-hexane fraction of 

leaves exhibited antifungal activity against one fungal strain namely A. flavus by 10 % as 

shown in Table 21 and Figure 32-35 respectively. 

As can be seen from above data, the antifungal activities of crude extracts and its 

various fractions, the most susceptible fungus remained M. canis and maximum activity 

(35%) was shown by n-hexane fraction of the stem against M. canis. Similar data was 

exhibited by various oil fractions obtained from the n-hexane fraction of the stem. When 

compared with other fractions, maximum antifungal activity was shown by fractions 

WO1 and WO2. As regards sensitivity of tested fungal strains, among others, the M. 

canis remained the most susceptible organism. This gives an extra strength to the 

authenticity of the antifungal activity of stem. 

As evident from the results that both stem and leave have shown moderate 

antifungal activity it was for the first time reported by (NISAR et al., 2010). These results 

matches with the results of various other reported antifungal activities of other plant 

(Bokhari, 2009; Janaki and Vijayasekaran, 1998) 
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Table 21. Antifungal activity of oil fractions from stem and leaves of  Z. oxyphylla 

Fungal Strain % Inhibition Standard Drug 

 
 

WO1 

 

WO2 

 

WO3 

 

WO4 

 

WO5 
 

C. albicans - - - - - Miconazole 

A. flavus - - - 20 10 Miconazole 

M. canis 35 35 30 10 - Amphotericine B 

F. solani 10 - - - - Miconazole 

C. glabarata - - - - - Miconazole 

 

 

 

 

 

Figure 33. Antifungal activity of oil fractions against Aspergillus flavus. 
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Figure 34: Antifungal activity of oil fractions against Mycosporum canis. 
 

 

 

 

 

Figure 35.  Antifungal activities of oil fractions against Fusarium solani. 
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2.2.3. Phytotoxic Activity 

Phytotoxic of the plant was performed to assess herbicidal potential of Z. 

oxyphylla which can be used or to learn about the toxic capability to the vegetative parts 

of plants. This activity is also known as Lamina bioassay. In this method Praquate was 

used as standard drug in concentration of 0.015µg/ml. 

 

2.2.3.1. Phytotoxic Activity of Leaves 

The results in Table 22 indicated the % growth regulation of crude extract of 

leaves and subsequent fractions of Z. oxyphylla.  Crude extract (SAS1) showed 90 % 

growth regulation at the highest concentration (1000 µg/mL), 60 % at 100 µg/mL and 40 

% at 10 µg/mL.  

Analysis of above results revealed that the n-Hexane (SAS2) fraction exhibited 

the similar response as the crude extract and showed maximum activity at highest 

concentration while minimum growth regulation at lowest concentration. n-hexane 

fraction exhibited 40 % growth regulation at 10 µg/mL concentration which increased to 

50 % at 100 µg/mL concentration and finally reached the maximum activity (85 %) at the 

concentration of 1000 µg/mL. 

Chloroform fraction (SAS3) of the leaves also followed the same phytotoxicity 

pattern that was exhibited by crude and n-Hexane fractions. It regulated the growth of 

Lamina by 35 % at 10 µg/mL, 45 % at 100 µg/mL and 80 % at 1000 µg/mL 

concentrations, while ethyl acetate (SAS4) exhibited phytotoxicity activity by regulating 

the growth at the rate of 85, 35 and 25 % at 1000, 100 and 10 µg/ml concentrations 

respectively. 

n-Butanol fraction (SAS5), on the other hand showed somewhat lower % growth 

inhibition (75%) at 1000 µg/mL concentration. It exhibited 25 % growth regulation at 

10µg/mL, while it regulated the growth of lamina by 20% and 35% when butanol 

fraction was used in concentration of 10 and 100 µg/mL respectively. 
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As expected, the aqueous fraction (SAS6) remained the least active since it 

showed 60 % growth regulation at 1000 µg/ml, while 45 and 25 % growth regulation was 

exhibited at the dose of 100 and 10 µg/mL respectively as shown in Table 22. 

Careful analysis of above data revealed maximum activity by crude extract and all 

the fractions thereof when used in highest concentration i.e. 1000 µg/mL. At this 

concentration crude extract was the most active (90 %) sample, while aqueous fraction 

was the least active fraction. The remaining fractions exhibited phytotoxic activity 

between 60 % and 90% at the same concentration, as shown in Figures 36-38. 

It was also discovered that phytotoxic activity of theses samples was dose 

dependant as it showed a increasing tendency increase in the dose of the samples.     

There are number of plants , plant products  and various compound isolated 

compounds have proven to show Phytotoxic to other plants  so they become  a good 

candidate for being a herbicide (Khan et al., 2003).same is the case with this plant ,it 

might prove to be a good herbicide. 

 

Table 22. Phytotoxic activity of leaves extract and fractions 

Conc. of sample (µg/mL) % Growth Regulation 

SAS1 SAS2 SAS3 SAS4 SAS5 SAS6 

1000 90 85 80 85 75 60 

100 60 50 45 35 35 45 

10 40 40 35 25 20 25 
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Figure 36. Phytotoxic activity of Z.oxyphylla leaves at 1000 µg/mL. 

 

 

 

 

Figure 37. Phytotoxic activity of Z.oxyphylla leaves at 100µg/mL. 
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Figure 38.  Phytotoxic activity of Z.oxyphylla leaves at 10 µg/ml. 

 

 SAS1: Crude extract.  SAS2: n-Hexane fraction. 

 SAS3: CHCl3 fraction.  SAS4: EtOAc fraction. 

 SAS5: n- BuOH fraction.  SAS6: H2O fraction 

 STD: Standard drug 

 

 

2.2.3.2. Phytotoxic Activity of Stem 

Phytotoxic activity of the crude extract and its subsequent fractions obtained from 

the stem of Z. oxyphylla was also determined following the same procedure and using the 

same concentrations pattern as 1000, 100 and 10µg/mL. The results revealed that 

maximum activity was seen at the highest concentration while minimum activity was 

exhibited at lowest concentration and moderate activity was shown at the concentration 

of 100µg/ml (Table 23). 

The results indicated that when crude extract (WAK1) of the stem was used in a 
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considered to be a non significant activity. But when the dose was increased up to 

100µg/ml and then to 1000 µg/ml a considerable change was seen in the phytotoxic 

activity of the crude extract of the stem. It inhibited the growth of plant by 30 % and 75 

% when 100 and 1000 µg/mL dose of crude extract was used.  

As against the crude extract, n-Hexane fraction (WAK2) of stem showed some 

good result at lowest concentration. It exhibited a 50 % growth inhibition at the dose of 

10 µg/ml. While at a concentration of 100 µg/mL n–Hexane fraction regulated the growth 

by 70 %. It showed maximum activity (75 %) at 1000 µg/ml. Chloroform fraction 

(WAK3) of the e crude extract from stem showed somewhat similar activity to n-Hexane 

fraction. It inhibited the growth of plants by 70 % and 75 % when 100 and 1000 µg/mL 

dose of chloroform fraction of the stem was used. 

As regards to the ethyl acetate fraction (WAK4) of stem, it showed a remarkable 

increase in phytotoxic activity with increase in the concentration. It was found that when 

dose of ethyl acetate fraction was 10µg/mL then the growth inhibition was 25 %, but 

when concentration was increased from 10µg/ml to 100µg/ml so the activity also 

increased from 25 to 45 % and with 1000 µg/ml the percent growth regulation increased 

from 45 to 85 %. n-Butanol fraction (WAK5) showed 20, 65 and 75 % when 

concentration was 10, 100 and 1000 µg/ml of butanol fraction. 

Aqueous fraction (WAK6) was also active having phytotoxic activity ranging 

from 35 % to 85 % at the above mentioned three concentrations. By observing all the 

results of Phytotoxic potential of the crude extract of stem and its various fractions we 

found the again maximum activity was shown by the highest concentration used, while at 

the lowest concentration the Phytotoxic activity was lowest as in the case of leaves. 

Amongst all the sample maximum activity (85 %) was exhibited by two fractions i.e. 

ethyl acetate and aqueous fractions, while minimum (05 %) activity was shown by crude 

extract when the lowest concentration (10 µg/mL) was used as shown in Figure 39-41. 

When we compared the phytotoxic activity of both stem and leave we found that both 

showed similarity by exhibiting highest phytotoxic activity at the highest concentration 

but showed differences when crude extract of the leaves was the most active while ethyl 

acetate fraction of stems was the highest % inhibitor as evident from Table 23.    
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Table 23. Phytotoxic activity of stem. 

Conc. of 

sample(µg/mL) 

% Growth Regulation 

WAK1 WAK2 WAK3 WAK4 WAK5 WAK6 

1000 75 75 80 85 75 85 

100 30 70 75 40 60 45 

10 05 50 50 25 20 35 

 

 

 

 

 

 

Figure 39.  Phytotoxic activity of Z. oxyphylla Stem at 1000 µg/ml. 

 

 

 

0

20

40

60

80

100

WAK1 WAK2 WAK3 WAK4 WAK5 WAK6 STD

%
 G

ro
w

th
 R

eg
ul

at
io

n

1000 µg/mL



 

 Results and Discussion   
 

 
119 

 

 

Figure 40. Phytotoxic activity of Z. oxyphylla Stem at 100 µg/ml. 

 

 

Figure 41.  Phytotoxic activity Z. oxyphylla Stem at 10 µg/ml. 

 

 WAK1: Crude extract.  WAK2: n-Hexane fraction. 

 WAK3: CHCl3 fraction.  WAK4: EtOAc fraction. 

 WAK5: n-BuOH fraction.  WAK6:  H2O fraction 

 STD: Standard Drug 
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2.2.3.3. Phytotoxic Activity of Oil Fractions 

Phytotoxic activity of the oils fractions obtained from n-Hexane fraction of both 

stem and leaves was also evaluated. Oil fractions from WO1 to WO4 were isolated from 

the n-Hexane fraction of stem while WO5 fraction was obtained from n- hexane fraction 

of leaves. The results of phytotoxic activity recorded revealed that WO1 fraction was the 

least active of all oil fractions showing 45% growth inhibition at 1000 µg/ml 

concentration, While 25 and 40 % growth inhibition was shown at lower concentration of 

10 and 1000 µg/mL by WO1 as in Table 24. 

The second oil fraction (WO2) was a little bit attenuated which was evident from 

its percent growth inhibition (15% and 35 %) at lower concentration of 10 and 100 

µg/ml, while at 1000 µg/mL it showed significant activity (80 %). The third oils fraction 

(WO3) showed the same response at highest dose but a little more improved response at 

lower concentrations. It showed 35 and 45 % growth regulation at 10 and 100 µg/mL 

concentrations respectively.  

The other oil fraction (WO4) was also active showing significant activity (85 %) 

at 1000 µg/ml while low activity  at lower dose  i.e. 35 % at 100 µg/ml and 25 % at 10 

µg/ml concentration as shown in Table 24. 

The oil fraction from leaves (WO5) also exhibited good phytotoxic activity 

increasing with increasing dose (at 10 µg/ml inhibited the growth by 25 % and by 30 % at 

100 µg/ml dose). But when its dose was increased up to 1000 µg/ml it showed 71 % 

growth inhibition which is considered to be a significant phytotoxic activity. 

All the oil fractions showed significant activities at the highest concentration 

(1000 µg/ml) as shown in Figure 42, while all these oil fractions showed comparatively 

moderate activity at 100µg/ml as shown in Figure 43. Lowest activity of all the fractions 

was recorded at the initial concentration of 10 µg/ml as shown in the Figure 44. 

When the phytotoxic activity of n- hexane fraction of the stem and leaves was 

compared with the to phytotoxic activity of the oils obtained from them , so it was found 

that n-hexane fraction stem showed 75 % activity at 1000 µg/ml while three oil fractions 

obtained from it showed better phytotoxic activity (85 %), while one fraction showed less 
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activity. The oil fraction from the n-hexane fraction exhibited less activity as compared to 

the n-Hexane fraction of the crude extract from leaves as shown in Figure 45. 

There are number of plants , plant products  and various compound isolated 

compounds have proven to show Phytotoxic to other plants  so they become  a good 

candidate for being a herbicide (Khan et al., 2003). Due to these certain advantages 

compound like pyrethrum and rotenone were being imported from all over the world 

(Tokar and Green, 2002) 

Herbicides play a key role in weeds management system because they not only 

help the farmers to increase yield but also decrease labor for them. As too much frequent 

use of herbicides a problem of resistance has arisen against these weedicides. The species 

have a tendency to transform into some other species that are very much similar to the 

useful plants. This indiscriminate use also produces many health and environmental 

pollution problems. According to Molisch 1937. ” Allelopathy is an emerging branch of 

applied sciences which studies any process primarily involving secondary metabolites 

produced by plants, algae, bacteria, and fungi that influence the growth and development 

of biological and agricultural systems, including positive and negative effects “ (Macias 

et al., 2000). So there is need to discover new natural drugs which can help farmers to kill 

weeds. 

Table 24. Phytotoxic activity of oil fraction. 

Conc.0f sample(µg/ml) % Growth Regulation 

WO1 WO2 WO3 WO4 WO5 

1000 45 80 80 85 71 

100 40 35 45 35 30 

10 25 15 35 25 25 
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Figure 42. Phytotoxic activity of oil fractions of Z. oxyphylla at 1000 µg/ml 

 

 

Figure 43.  Phytotoxic activity of oil fractions of Z. oxyphylla at 100 µg/mL. 
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Figure 44.  Phytotoxic activity of oil fractions of Z. oxyphylla at 10µg/mL. 

 

 

Figure 45. Comparison of phytotoxic activity of oils and n- hexane fractions of stem and 

leaves at 1000 µg/ml. 
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2.2.4. Insecticidal Activity 

Five insects, Tribolium castaneum, Sitophilus oryzea, Rhyzopertha dominica, 

Callosobruchus analis, Trogoderma granarium, were used to evaluate the insecticidal 

potential of crude extract and fraction of both leaves and stem. Permetherin was used as 

standard insecticidal drug at a concentration of 235.9 µg/cm2. While all the samples were 

used in a dose equal to 1019.10 µg/cm2. 

 

2.2.4.1. Insecticidal activity of leaves 

The results tabulated in Table 25 indicate that crude extract (SAS1) of the leaves 

exhibited 20 % mortality against R. dominica, while it was completely inactive against 

the other four insects. In case of n-Hexane fraction (SAS2) it showed a moderate activity 

(40 %) against C. analis while it did not kill any of other four insects. Chloroform 

fraction (SAS3) only killed 20 % of C. analis which is considered to be a low insecticidal 

activity. Chloroform fraction was not that much successful against the rest of the species. 

Ethyl acetate fraction (SAS4) was as active as n-hexane fraction by showing 40 % 

insecticidal potential against C. analis and having nothing against other insects. The 

insecticidal activity of both n-Butanol (SAS5) and aqueous fractions (SAS6) was same 

i.e. 20 % against C. analis. They showed the same response to other insect species as 

shown in Table 25. 

By analyzing the susceptibility of various insect used in this method to various 

fraction of leaves crude extract it was found that three species, T. castaneum, S. oryzea 

and T. granarium, were the most resistant insect. Neither crude nor any of fractions of 

crude extract of leaves affected them. The most susceptible insect was C. analis followed 

by R. dominica. C. analis was killed by the entire samples except crude extract of leaves, 

while R. dominica was only affected by the crude extract of leaves by 20 % as shown in 

Figures 46 and 47. 

Plants are always in danger from man animals and insects. As plant produce 

various secondary metabolites for defense purposes. So these secondary metabolites not 

only protect the plants but also repel the harmful insects. So these secondary metabolites 

are best suited to be used for pest control (Saxena, 1989; Wink, 1993).some of such 
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secondary metabolite having insecticidal activity are monoterpenes, sesquiterpenes 

lactones and triterpenes (Heywood et al., 1977; Barney et al., 2005). 

 

Table 25. Insecticidal activity of leaves.of Z.oxyphylla. 

Name of insect % Mortality 

SAS1 SAS2 SAS3 SAS4 SAS5 SAS6 

Tribolium castaneum - - - - - - 

Sitophilus oryzea - - - - - - 

Rhyzopertha dominica 20 - - - - - 

Callosobruchus analis - 40 20 40 20 20 

Trogoderma granarium - - - - - - 

 

 

 

 

Figure 46.  Insecticidal activity of leaves of Z. oxyphylla against C. analis. 
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Figure 47. Insecticidal activity of leaves of Z. oxyphylla against Rhyzopertha dominica. 

 

 

 SAS1: Crude extract.  SAS2: n-Hexane fraction. 

 SAS3:  CHCl3fraction.  SAS4: EtOAC fraction. 

 SAS5: n-BuOH fraction.  SAS6: H2O fraction 

 STD: Standard drug. 
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2.2.4.2. Insecticidal Activity of Stem 

The result obtained also showed that neither crude nor any of the fractions of 

crude extract of stem showed any insecticidal activity against the above mentioned five 

insect as shown in the Figure 48. 

 

Figure 48. Insecticidal activity of stem of Zizyphus oxyphylla Edgew. 
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 WAK3: CHCl3 fraction.  WAK4: EtOAc fraction. 

 WAK5: n- BuOH fraction.  WAK6: H2O fraction 
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2.2.4.3. Insecticidal Activity of Oil Fractions 

Oil fractions from n-hexane fraction of both stem leaves were also tested for their 

insecticidal activity against the selected insects. Results have been given in Table 26. 

The insecticidal activity of the oil fractions from both stem and leaves showed 

somewhat more promising results as compared to the insecticidal activity of crude 

extracts and their fraction from stem and leaves. The result indicated that the oil fraction 

(WO5) from the n-hexane fraction of leaves was the most active fraction. It was the only 

fraction amongst not only the oil fraction of stem and leaves but also amongst the crude 

and fractions of crude extract from leaves and stem that  not only killed T. castaneum but 

also it exhibited the maximum capacity (60 %) to kill this organism. Not only it was 

active against T. castaneum but also it showed 20 % each, insecticidal activity against 

both R. dominica and C. analis. 

The other four fractions of oils obtained from the n-hexane of the stem were also 

active against some insects. WO1 showed moderate activity (40) insecticidal activity 

against R. dominica. It also exhibited low insecticidal activity (20 %) against C. analis. 

The other two oil fractions WO3 and WO4 were having the same potency against C. 

analis as shown by WO2. So we can say that these entire three fractions were having low 

insecticidal activity against C. analis. While the last oil fraction from stem was 

moderately active against C. analis by killing 40 % of the insect. 

When we studied the susceptibility of various insect against these oil fractions it 

was found that the most vulnerable insect which was killed by all fractions with varying 

intensities was C. analis. This was followed by R. dominica which was affected by two 

oil fraction i.e.WO1 and WO5. T. castaneum was killed by just WO5, while S. oryzea 

and T. granarium were the least susceptible species. Regarding to the intensity of 

insecticidal activity T. castaneum was the most susceptible because it was killed up to 60 

% by WO5 as shown in Figures 49-51. 
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Table 26. Insecticidal activity of oil fractions of Z. oxyphylla. 

Name of insect %Mortality 

WO1 WO2 WO3 WO4 WO5 

Tribolium castaneum - - - - 60 

Sitophilus oryzea       - - - - - 

Rhyzopertha dominica 40 - - - 20 

Callosobruchus analis 20 20 20 40 20 

Trogoderma granarium - - - - - 

 

 

 

 

Figure 49. Insecticidal activity of oils fraction of Z. oxyphylla against Tribolium 

castaneum. 
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Figure 50. Insecticidal activity of oils fraction of against Rhyzopertha dominica. 

 

 

 

 

Figure 51. Insecticidal activity of oil fraction of Z. oxyphylla against Callosobruchus 

analis. 

 

 

0

20

40

60

80

100

WO1 WO2 WO3 WO4 WO5 STD

%
 M

or
ta

lit
y

Rhyzopertha dominica

0

20

40

60

80

100

W01 WO2 WO3 WO4 WO5 STD

%
 M

or
ta

lit
y

Callosobruchus analis



 

 Results and Discussion   
 

 
131 

 

2.2.5 Brine Shrimp Lethality Bioassay 

  Cytotoxicity of plant was evaluated by performing brine shrimp lethality 

bioassay. Samples were tested in three concentrations 10, 100, 1000 μg/ml. Cytotoxicity 

was evaluated in term of number of brine shrimp killed by sample, calculating IC50 

values and comparing it with the result of standard drug Etoposide. 

 

2.2.5.1 Brine Shrimp Lethality Bioassay for Leaves 

  The results obtained for crude extract of leaves and its fractions revealed that 

neither crude extract nor its fractions were able to kill the shrimps to prove them to have 

a good cytotoxicity. Crude extract of leaves killed only 4, 6 and 10 shrimps at 10, 100 

and1000 μg/mL. So the number of survival was 26, 24 and 20 out of 30 shrimp each used 

in this experiment for each concentration. IC50 calculated was 20295.37 μg/mL. These 

entire figures showed that it had no cytotoxic activity. 

  Other fraction from the leaves was also not that much encouraging except 

chloroform fraction. In the case of n-hexane fraction total number of survival of shrimps 

was 4, 4 and 6 at 10, 100 and 1000 μg/mL concentrations giving an IC50 value of 

23022.00 μg/ml. Chloroform fraction was the most successful of all the extracts but when 

compared to the standard drug it was found that its activity was as low that we could say 

that it has no activity. The maximum number of deaths it caused was 14 at 1000 μg/ml, 

while it killed 4 and 10 brine shrimps at 10 and 100 μg/ml dose. It’s IC50 (1175.80 μg/ml) 

value was the least amongst all fractions. 

  Total 4, 6 and 8 brine shrimps were killed by 10, 100 and 1000 μg/ml dose of 

ethyl acetate fraction of leaves crude extract respectively and the number of survival at 

10, 100 and 1000 μg/mL concentration of butanol fraction was 28, 26 and 22 out of 30 

shrimps respectively. The IC50 value of ethyl acetate and butanol fraction calculated was 

24656.89 and 26756.9 μg/ml.  Aqueous fraction was the second most promising fraction 

after chloroform fraction of leaves. 

  Maximum cytotoxicity was exhibited by the chloroform fraction of leaves crude 

extract while n-butanol fraction followed it. Crude extract, n-hexane, ethyl acetate and 

aqueous fractions did not show any activity as shown in the Table 27 and Figures 52-54. 
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Table 27. Cytotoxic activity of leaves of Z.oxyphylla. 

Dose 
(µg/ml) 

No. of 
shrimps 

No. of 
survivors 

No. of 
larvae died 

LD50 (µg/ml) Standard 
drug 

LD50 

 (µg/ml) 

Crude extract (SAS1) 
 
10 30 26 04  

20295.37 

 

Etoposide 

 

7.4625 100 30 24 06 

1000 30 20 10 

n-Hexane fraction (SAS2) 

10 30 26 04  

23022.00 

 

Etoposide 

 

7.4625 100 30 26 04 

1000 30 24 06 

Chloroform fraction (SAS3)  

10 30 26 04  

1175.80 

 

Etoposide 

 

7.4625 100 30 20 10 

1000 30 16 14 

Ethyl acetate fraction (SAS4) 

10 30 26 04  

24656.89 

 

Etoposide 

 

7.4625 100 30 24 06 

1000 30 22 08 

 Butanol (SAS5) 

10 30 28 02  

26756.9 

 

Etoposide 

 

7.4625 100 30 26 04 

1000 30 22 08 

Aqueous fraction (SAS6) 

10 30 28 02  

5942.34 

 

Etoposide 

 

7.4625 100 30 24 06 

1000 30 20 10 
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Figure 52. Cytotoxic activity of leaves of Z. oxyphylla at 10 µg/mL concentration. 

 

 

 

 
Figure 53. Cytotoxic activity of leaves of Z. oxyphylla at 100 µg/mL concentration. 
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Figure 54.  Cytotoxic activity of leaves of Z. oxyphylla at 1000 µg/ml concentration. 

 

 

 SAS1: Crude extract.  SAS2: n-Hexane fraction. 

 SAS3: Chloroform fraction.  SAS4: Ethyl acetate fraction. 

 SAS5: n-Butanol fraction.  SAS6: Aqueous fraction 
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2.2.5.2 Brine Shrimp Lethality Bioassay of Stem 

Similarly crude extract and various fraction of stem were tested for cytotoxic 

activity. The results have been presented in the Table 28. 

Crude extract of stem was inactive just killing 2, 4 and 8 larvae out of 30 when it 

was used in 10, 100 and 1000 µg /ml respectively giving an LD50 value of 26756.99 µg 

/ml. This activity is by no means even a low cytotoxic activity. n-hexane fraction also did 

not show any remarkable activity like crude extract of the stem. The number of larvae 

killed at all the three concentrations was 2, 4 and 6. This number is very much below the 

criterion for low activity. 

The response shown by the n-butanol and aqueous fraction was the same. Both of 

the fractions killed 2, 4 and 6 larvae at 10, 100 and 1000 µg /ml dose. Their LD50 value 

was 346568.9 µg /ml. All these values suggested that both of them were having no 

activity. 

Chloroform fraction when used in the above stated three concentrations, so it 

killed some larvae .The number of survivals were 26, 24 and 20 which was indicative of 

fact that this activity was of no clinical or medical importance. Similarly ethyl acetate 

fraction also showed the same behavior as shown in Figure.55-57. 

From the above all results we concluded that neither crude nor any fraction of 

stem had any cytotoxic activity. 
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Table 28. Cytotoxic activity of stem. 

Dose 
(µg/ml) 

No. of 
shrimps 

No. of 
survivors 

No. of 
larvae died 

LD50 (µg/ml) Standard 
drug 

LD50 

 (µg/ml) 

 
Crude extract (WAK1) 
 
10 30 28 2  

26756.99 

 

Etoposide 

 

7.4625 100 30 26 4 

1000 30 22 8 

 
n-Hexane fraction (WAK2) 

10 30 28 2  

377166 

 

Etoposide 

 

7.4625 100 30 26 4 

1000 30 24 6 

 
Chloroform fraction (WAK3)  

10 30 26 4  

20295.37 

 

Etoposide 

 

7.4625 100 30 24 6 

1000 30 20 10 

 
Ethyl acetate fraction (WAK4) 

10 30 27 3  

70820.41 

 

Etoposide 

 

7.4625 100 30 24 6 

1000 30 22 8 

Butanol fraction(WAK5) 
 

10 30 26 4  

346568.9 

 

Etoposide 

 

7.4625 100 30 24 6 

1000 30 22 8 

 
Aqueous fraction (WAK6) 

10 30 26 4  

346568.9 

 

Etoposide 

 

7.4625 100 30 24 6 

1000 30 22 8 
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Figure 55. Cytotoxic activity of stem of Z.oxyphylla at 10 µg/ml concentration. 

 

 
 

 
Figure 56. Cytotoxic activity of stem of Z.oxyphylla at 100µg/ml concentration. 
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Figure 57. Cytotoxic activity of stem of Z.oxyphylla at 1000 µg/ml concentration. 

 

 WAK1: Crude extract.  WAK2: n-Hexane fraction. 

 WAK3: CHCl3 fraction.  WAK4: EtOAc fraction. 

 WAK5: n- BuOH fraction.  WAK6: H2O fraction 

 STD: Standard Drug 
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2.2.5.3 Brine Shrimp Lethality Bioassay of Oil Fractions 

The oil fractions were tested for their cytotoxic activity but result obtained  

showed that, like crude extract and various fractions of stem and leaves these oil fractions 

were unable to produce their mark as cytotoxic ingredients because the showed no 

activity. 

The results in Table 29 showed that although WO1 killed 2, 4 and 6 larvae out of 

30 at 10, 100 and 1000 µg/mL respectively, still it did not possess any cytotoxic activity 

because this number does not meet the criterion for any sample to show cytotoxicity. 

Similarly, WO2 fraction also fell in the same category of WO1. When this fraction was 

used in doses of 10, 100 and 1000 µg/mL it was able to kill 3, 4 and 5 brine shrimps 

which by no means had a potential of being a cytotoxic fraction. Other two fractions 

(W03 and WO4) also showed the same results as shown in the Figure 58. Oil fraction 

from the leaves (WO5) killed 1, 4 and 6 larvae at respective doses of 10, 100 and 1000 

µg/mL. So we came to conclusion that that this plant did not have any cytotoxic potential. 

This method predicts about the cytotoxic capability and the pesticides tendencies 

of the crude extracts of plants. This activity has resulted in the discovery of new 

pesticides (annonaceous acetogenins) and anti tumor agents (McLaughlin et al., 1998). 

Any sample ,wether natural or synthetic, do also have antitumor activity as the 

cytotoxicity andante tumor activity are related to one another (Horgen et al., 2001). 

No cytotoxic activity of genus Zizyphus has been reported before and also in this 

case there is no cytotoxic activity exhibited.  
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Table 29. Cytotoxic activity of oils fractions. 

Dose 
(µg/ml) 

No. of 
shrimps 

No. of 
survivors 

No. of 
larvae died 

LD50 (µg/ml) Standard 
drug 

LD50 

 (µg/ml) 

 
WO1 (from Stem) 
 
10 30 28 2  

- 

 

Etoposide 

 

7.4625 100 30 26 4 

1000 30 24 6 

 
WO2 (from Stem) 
 
10 30 27 3  

- 

 

Etoposide 

 

7.4625 100 30 26 4 

1000 30 25 5 

 
WO3(from Stem) 
  
10 30 26 2  

- 

 

Etoposide 

 

7.4625 100 30 24 3 

1000 30 20 5 

 
WO4 (from Stem) 
 
10 30 28 2  

- 

 

Etoposide 

 

7.4625 100 30 27 3 

1000 30 25 5 

WO5 (from Leaves) 
 

10 30 29 1  

- 

 

Etoposide 

 

7.4625 100 30 26 4 

1000 30 24 6 
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Figure 58. Comparison of cytotoxic activity of oil fractions at different concentrations. 
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2.2.6. In Vitro Anti-Inflammatory Activity 

 As this plant is known to have anti-inflammatory and analgesic activity and is 

used in folk medicines fro the same property. So it was tested for in vitro anti 

inflammatory activity by using respiratory burst inhibitory assay.  

 

2.2.6.1. In Vitro Anti-Inflammatory Activity of Leaves 

It was found from this experiment that crude extract of leaves along with the 

fraction were having some anti-inflammatory activity. Crude extract of leaves inhibited 

the respiratory burst by 43%. This 43 % inhibition was the indicative of the fact that this 

plant had an anti inflammatory potential. While n-Hexane fraction of the leaves showed 

92% of respiratory burst inhibition. This activity when compared with the standard drug 

Indomethacine which gave 98% inhibition indicated that n-hexane fraction had a 

significant in vitro anti inflammatory activity (Table 30).  

Chloroform fraction gave a tremendous response even better than n-hexane 

fraction. Its anti-inflammatory activity in term of percent inhibition was recorded to be 

94%. Both the n-hexane and chloroform showed activity near to the standard drug, while 

rest of the fractions showed lower inhibition as shown in Figure 59. 

From the data we can conclude that maximum in vitro ant-inflammatory activity 

was exhibited by chloroform fraction followed by n-hexane. While other fractions along 

with crude extract showed inhibition below 45% which come under the category of 

moderate activity.  

Historically, at least over the past 20 years in the modern era of target-based drug 

discovery, a relatively small number of pivotal targets have been identified that have 

yielded any successful anti-inflammatory drugs. Most of these are antagonists of 

endogenous pro inflammatory mediators such as prostaglandins, leukotrienes and 

histamine. Natural products possess strong potential as source of new lead compounds 

that could screened for anti-inflammatory activities [Khan et al., 2009]. 
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Table 30. In vitro anti inflammatory activity of leaves. 

Sample % Inhibition % Inhibition of Standard Drug 

SAS1 43  

 

98 

 

SAS2 92 

SAS3 94 

SAS4 23 

SAS5 14 

SAS6 35 

 

 

 
Figure 59. In vitro anti inflammatory activity of leaves of Z.oxyphylla 

 

 

 

 

 SAS1: Crude extract.  SAS2: n-Hexane fraction. 

 SAS3: Chloroform fraction.  SAS4: Ethyl acetate fraction. 
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2.2.6.2. In Vitro Anti-Inflammatory Activity of Stem 

Stem was also evaluated for its in vitro anti inflammatory activity. The result that 

were obtained gave the information that although stem of this plant did posses anti 

inflammatory activity but it did not exhibit as marvelous results as leaves crude extract 

and fractions did as shown in Table 31. 

The results shown in Table 31 indicated that crude extract of stem showed 37% of 

inhibition which is low to moderate activity, while n-hexane showed almost same activity 

by inhibiting 33% of respiratory burst. Chloroform fraction showed maximum activity of 

all the fractions. It showed a 45 % inhibition. The anti-inflammatory activity of ethyl 

acetate fraction was calculated to be 18%, while n-butanol and aqueous fraction gave 

readings in mid twenty i.e. 24 and 27 % respectively. 

From the above discussion it is evident that maximum activity was shown by 

chloroform fraction of the stem while lowest was shown by ethyl acetate as shown in 

Figure 60. 

 

Table 31. In vitro anti inflammatory activity of stem of Z. oxyphylla. 

Sample % Inhibition % Inhibition of Standard Drug 

WAK1 37  

 

98 

 

WAK2 33 

WAK3 45 

WAK4 18 

WAK5 27 

WAK6 24 
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Figure 60. In vitro anti inflammatory activity of stem of Z. oxyphylla. 

 

 

 WAK1: Crude extract.  WAK2: n-hexane fraction. 

 WAK3: CHCl3 fraction.  WAK4: EtOAc fraction. 

 WAK5: n- BuOH fraction.  WAK6: H2O fraction 
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2.2.7. Enzyme inhibition Assays 
 

2.2.7.1. Urease inhibition Assay 

Crude extract of stem along with various fractions were tested for its capacity to 

inhibit urease. The results were arranged in the form of a Table 32. This Table revealed 

that urease inhibitory activity of the crude extract and various fractions of Z. oxyphylla 

stem were prominent in some cases while in some case it was very low. 

The result revealed that when crude extract was tested for its urease inhibitory 

potential it displayed a good activity by inhibiting the Jake Bean urease by 75.8 % which 

was indeed a good activity. It gave IC50 ± SEM value of 105.2 ± 1.61 which gave further 

proof of the extent of inhibition caused by the crude extract of stem. 

But the activity of n-hexane fraction and chloroform fraction was at lowest value 

of 3.8 and 18.9 % respectively. As this was considered to be the lowest activity therefore 

no IC50 ± SEM value could be calculated. But ethyl acetate fraction gave the highest 

reading of 86.7 %. Its IC50 ± SEM value was recorded to be 43.4 ± 2.01. This urease 

inhibitory activity was significant. 

Ethyl acetate fraction was followed by butanol fraction in term of highest % 

inhibition of Jake bean urease. It exhibited 81.2 % inhibition with an IC50 ± SEM value of 

49.8 ± 1.06.   As regards to the other aqueous fraction, it was found that it was also not 

far more behind the ethyl acetate and butanol fraction. It displayed its activity by 

inhibiting Jake Bean urease up to 63.1%. Its IC50 ± SEM value was 164.7 ± 2.31. These 

readings suggested that aqueous fraction showed a good urease inhibitory activity. 

We can conclude from the results that when the results were compared with the 

activity of standard drug maximum urease inhibition was caused by the ethyl acetate 

fraction while minimum of the activity was exhibited by the n-Hexane fraction of stem of 

Z. oxyphylla as shown in Table 32 and Figure 61. So these result proved the folk use of 

the stem of this plant for various GIT infections. 

 

 

 



 

 Results and Discussion   
 

 
147 

 

Table 32. Urease inhibitory activity of Stem of Z. oxyphylla. 

Samples  % Inhibition  IC50±SEM 

WAK1 75.8 ± 0.03 105.2 ± 1.61 

WAK2 3.8 ± 0.01 - 

WAK3 18.9 ± 0.02 - 

WAK4 86.7 ± 0.03 43.4 ± 2.01 

WAK5 81.2 ± 0.01 49.8 ± 1.06 

WAK6 63.1 ± 0.02 164.7 ± 2.31 

STD 98.1 ± 0.02 21 ±0.011 

 

 

 

 

 
Figure 61. Urease inhibitory activity of Stem of Z.oxyphylla. 

 

 WAK1: Crude extract.  WAK2: n-Hexane fraction. 

 WAK3: Chloroform fraction.  WAK4: Ethyl acetate fraction. 

 WAK5: n-Butanol fraction.  WAK6: Aqueous fraction 
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2.2.7.2. Urease inhibitory activity of leaves 

While regarding to urease inhibitory activity of crude extract and its fraction from 

Z. oxyphylla leaves it was found that neither crude nor any of the fractions showed 

inhibition above 50% as shown in Figure 62. 

 

 
Figure 62. Urease inhibitory activity of leaves of Z.oxyphylla. 
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2.2.8. Carbonic Anhydrase Inhibition Assay  

Crude extract and its various fractions of stem were assayed for carbonic 

Anhydrase inhibition.  

 

2.2.8.1. Carbonic Anhydrase Inhibitory Activity of Stem 

It is evident from the Table 33 that neither crude nor any fraction of the stem exhibited 

any significant carbonic anhydrase inhibition. The carbonic anhydrase inhibitory activity 

of the entire samples may be considered to be between low and moderate. The crude 

extract (WAK1) of the stem inhibited carbonic anhydrase up to the extent of 29.1 % 

which come under the category of low to moderate activity. Maximum activity was 

shown by chloroform fraction (WAK3). It showed 44.6 % inhibition of the carbonic 

anhydrase enzyme. It was followed by ethyl acetate fraction (WAK4) with inhibition 

value of 41.0 %. Lowest inhibition was produced by n- butanol fraction (WAK5) while 

aqueous fraction gave a reading of 31.5 % inhibition (Figure 63) 

Table 33. Carbonic Anhydrase Inhibition assay of Stem of Z.oxyphylla. 

Sample Code % Inhibition±SEM activity 

WAK1 29.1±0.01 

WAK2 39.8±0.03 

WAK3 44.6±0.02 

WAK4 41.0±0.02 

WAK5 23.36±0.01 

WAK6 31.5±0.03 

STD 97.41±0.02 
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Figure 63. Carbonic anhydrase inhibitory activity of stem of Z.oxyphylla. 

 

 WAK1: Crude extract of stem   WAK2: n-Hex fraction 

 WAK3: CHCl3 fraction  WAK4: EtOAc fraction 

 WAK5: n- BuOH fraction  WAK6: H2O fraction 

 STD : Standard drug. 
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2.2.8.2. Carbonic Anhydrase Inhibition of Leaves 

It can be seen in Table 34 that crude extract and various fractions of the leaves 

exhibited the same inhibitory behavior as the stem showed .it can be seen from the Figure 

64 also. The results indicated that neither of the samples showed inhibition more than 50 

%. 

Table 34. Carbonic Anhydrase Inhibition assay of Leaves. 

Sample Code % Inhibition±SEM activity 

SAS1 39.1±0.04 

SAS2 16.3±0.01 

SAS3 43.2±0.03 

SAS4 35.7±0.01 

SAS5 17.4±0.02 

SAS6 29.9±0.01 

STD 97.41±0.02 

 

 

 

Figure 64. Carbonic anhydrase inhibitory activity of leaves of Z.oxyphylla. 
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2.2.9. Pharmacological activities of isolated compounds. 
 

2.2.9.1. Anti Bacterial Activity of Isolated Compounds 

 All the five alkaloids were tested for their antibacterial activity. The results in 

Table 35 indicated that these isolated cyclopeptide alkaloids showed considerable activity 

against tested bacterial pathogens. Oxyphylline B (1) showed comparatively better 

antibacterial activities against E. coli and P. aeruginosa (MIC: 0.1 mg/mL). This was 

followed by antibacterial activity against S. aureus. It also inhibited the growth of S. 

flexenari with a MIC value of 10 mg/mL, while the antibacterial activity of Oxyphylline 

B against two human pathogens (B. subtilis and S. typhi) was identical for both the 

species i.e. 25 mg/mL. 

Oxyphylline C(2) showed a lower antibacterial activity as compared to 

Oxyphylline B. S. aureus was the bacterial strain that was inhibited the most by this 

compound which is evident from the MIC value (1 mg/mL), while it showed marked 

activity against all three bacterial strains i.e. E. coli, P. aeruginosa and S. typhi. This 

compound exhibited the lowest activity against B. subtilis and S. flexenari (MIC: 50 

mg/mL). 

Oxyphylline D (3) showed its highest antibacterial activity against E. coli and it 

lowest antibacterial activity against S. flexenari, while in the case of B. subtilis and P. 

aeruginosa it gave the same reading of MIC (1 mg/mL). Nummularine-C (4) and 

Nummularine-R (5) when compared we found that in many cases Nummularine-C was 

more active than Nummularin-R. It is evident from the MIC values in Table 35. Both of 

these compounds exhibited the same activity against S. flexenari (MIC: 50 mg/ml) and P. 

aeruginosa (10 mg/mL)  

Various antibiotic resistant strains of bacteria have been found. The epidemics 

due to the resistant strains have been declared as medical disaster  (Berkowitz, 1995).The 

problem of resistant is growing day by day since the penicillin resistant bacteria have 

been found. S. Aureus and M. tuberculosis are the two examples(Butler and Buss, 2006). 

Only natural product can provide solution to this problem. 
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Table 35. Anti bacterial activity of isolated compounds from Z. oxyphylla. 

S/No Bacterial 
species 

MIC (mg/mL) 

Std.drug*  
  1 2 3 4 5 

1 E. coli 0.0002 0.1 10     0.1 1 25 

2 B. subtilis 0.0005 25 50 1 1 10 

3 S. flexenari 0.0003 10 50 50 100 100 

4 S. aureus  0.0009 5 1 25 25 50 

5 P. aeruginosa  0.0021 0.1 10 1 10 10 

6 S. typhi 0.0014 25 10 25 10 50 

 

 

2.2.9.2. Antifungal Activity of Isolated Compounds 

The antifungal activity of the isolated compounds has been presented in Table 36. 

The results obtained gave us a clear picture of the antifungal potential of these isolated 

compounds. Oxyphylline B (1) showed low activity against Candida albicans, while it 

showed moderate antifungal activity against Fusarium solani by inhibiting its growth 

with MIC of 10 mg/mL. Against other fungal strain it exhibited non-significant anti- 

fungal activity as its MIC value was greater than 100 mg/ mL. 

In the case of Oxyphylline C (2), it was found that it was moderately active 

against three fungal strains i.e. C. albicans, M. canis and F. solani. While it showed low 

to non significant activities against A. flavus, C. glabarata and T. longifusus. 

Oxyphylline D also gave from moderate to low antifungal activity against various fungal 

strains as evident from Table 36, while both Nummularine-R (5) and Nummularine-C 

(4)were showing non significant activity against all fungi except Micropspoum canis 

which was inhibited by Nummularin-C with a MIC of 25 mg/mL which was indicative of 

its moderate activity. 

Anti microbial (anti-bacterial and antifungal) activities of various plant 

cyclopeptide alkaloids have been already reported (De Lucca and Walsh, 1999; Morel et 

al., 2005).the anti microbial activity of these five cyclo peptide alkaloids have been 

reported for the first time and the results are authenticated by the already available data in 

literature. 
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(De Lucca and Walsh, 1999) have found various cyclopeptide to have great anti 

microbial activity and thus considered them as novel therapeutic compounds against 

various human pathogens 

 

Table 36. Antifungal activity of isolated compounds from Z. oxyphylla. 

Fungal 
Strain 

MIC (mg/mL) 

1 2 3 4 5 Std. Drug 

T. longifusus >100 50 25 50 50 0.0014* 

C. albicans 50 10 50 >100 >100 0.0019* 
A. flavus >100 >100 >100 >100 >100 0.0022** 

M. canis >100 25 10 25 50 0.0001* 

F. solani 10 10 50 >100 50 0.0005* 

C. glabarata >100 >100 >100 >100 >100 0.0014* 

 

 

 1:  Oxyphylline B 
 

 2:  Oxyphylline C 

 3:  Oxyphylline D  4:  Nummularin-C 
 

 5: Nummularin-R  Std. drug *: Miconazol 
 Std. drug ** :Amphotericin B. 
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2.2.9.3. Urease Inhibition Assay of Isolated Compounds 

Like crude extract and fraction from the leaves and stem of Z. oxyphylla, some 

isolated compounds were also evaluated for their urease inhibitory properties. The results 

were recorded and tabulated.  

The result shown in Table 37 gives us an idea about the urease inhibitory 

characteristics of some isolated compounds from Z. oxyphylla. It can be seen from the 

Table 37 and Figure 65 that maximum activity was shown by Oxyphylline D (3). It 

inhibited the urease enzyme by 58.2 %. When IC50 ± SEM value was calculated it came 

out to be 420.1 ± 1.22 µM. Although these values were showing that this activity 

contained by 3 was in the range of good activity but it did not fall in the range of 

significant activity. 

Other two isolated compounds Nummularin-R (5) and Oxyphylline B (1) showed 

low inhibition of Jake bean urease. Both of them gave readings of 35.7 and 34.2 % 

inhibition. As this % inhibition did not come in range of good activity so their IC50 values 

were not calculated. Nummularin-C also exhibited a 29.3 % inhibition of the urease 

enzyme. It showed low activity.  

Interestingly one of the isolated compounds did not produce any impact i.e. it 

gave negative results. Basically compounds (1-5) belonged to one family i.e. 

cyclopeptide alkaloids. Common sense hints that it must show some activity but results 

revealed that it was inactive in inhibiting urease of Jake Bean. This negative result was 

from the fact that this compound precipitated during the experiment so it did not give any 

result. This might be due to the handling problems or due to nature of the compound that 

it precipitated out showing no reaction with the enzyme. 

Urease being responsible for gastritis (Eaton et al., 1991), urinary stones (Griffith 

et al., 1976) needs to be inhibited to save humanity from the mentioned diseases. Nature 

provides itself some agents that can inhibit this enzyme. 

No data regarding to the urease inhibitory activity of cyclopeptide alkaloids from 

Zizyphus was available these alkaloids have been for the first time evaluated for this 

activity. 
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Table 37. Urease inhibitory activity of isolated compounds from Z. oxyphylla. 
Sample Code Concentration(mM) % Inhibition IC50 ± SEM(µM) 

1  

 

 

0.5 

 

34.2 - 

2 - - 

3 58.2 420.1 ± 1.22 

4 29.3 - 

5 35.7 - 

STD 98.1 21  ±0.011 

 

 

 

Figure 65. Urease inhibitory activity of some isolated compounds from Z. oxyphylla. 
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 3.1. Phytochemical Studies 
 

3.1.0.  General Notes 

Preliminary research work was conducted in Department of Pharmacy, University 

of Peshawar while further phytochemical and pharmacological studies were carried out at 

International Center for Chemical and Biological Sciences (ICCBS), H.E.J. Research 

Institute of Chemistry, University of Karachi, Karachi, Pakistan.  

 

3.1.1 General Experimental Conditions  

3.1.1.1. Physical Constants  

Melting points determined by using Buchi 535 melting point apparatus. Optical 

rotations were measured on JASCO DIP-360 digital polarimeter. 

 

 

3.1.1.2. Spectroscopy 

UV spectra were recorded on Schimadzu UV-240 spectrometer. IR spectra were 

obtained as KBr discs on JASCO A-302 spectrophotometer. 1H and 13C NMR and other 

related spectroscopic techniques such as COSY, NOESY, HMQC and HMBC were 

recorded on Bruker NMR instrument with TMS as the internal standard with 400, 500 

and 600 MHz for various experiments. 

Various ionization techniques such as electron impact mass spectrum (EI-MS) 

and   high resolution electro spray ionization techniques were use for the determination of 

mass of various compounds. High resolution electro spay ionization- mass spectrometry 

(HRESI-MS) spectra were recorded on QSTAR XL LC MS- MS applied bio systems 

spectrometer.  GCMS spectra were obtained on Varian Mat 312 and Jeol JMS -600H 

with GC and Jeol JMS HX 110 mass spectrometer.  

 

3.1.1.3. Chromatography 

 Column chromatography was conducted by using silica gel 60 (70-230 mesh, E. 

Merk) or flash silica gel 60 (230-400 mesh).  Precoated Kieselgel 60, F254 aluminum 
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sheets (Merck) were utilized to perform thin layer chromatography (TLC). Sometime 

purification of compounds was carried out on preparative glass TLC plates. Both physical 

(UV light) and chemical methods (locating agents) were used for the visualization of 

spots on TLC. Both wavelengths 254 nm and 365 nm of UV light were used for 

visualization of the spots while cerric sulphate and Dragendorff reagant were used as 

locating agents. 

 

3.1.1.4. Purification of organic solvents 

Commercial grade solvents such as n-hexane, chloroform, ethyl acetate, n-

butanol, ethanol, methanol and acetone were purified by the simple process of 

distillation. (Armarego and Chai, 2009). 

3.1.2. Collection and extraction of plant material   

3.1.2.1. Collection 

Plant material was collected from District Swat of the Khyber PukhtunKhwa, 

Pakistan, in August 2008 and identified by a taxonomist, Dr. Hasan Sher, Department of 

Botany, Jehanzeb Postgraduate College Saidu Sharif, Swat. A voucher specimen was 

deposited in the national herbarium Islamabad with voucher number NH-102.  

Different parts (stem, roots and leaves) of the plant were separated and were air-

dried under shade for consecutive 45 days at room temperature. Then dried plant material 

was chopped, finely ground and stored in a polyethylene bag under refrigeration for 

further experimentation.  

 

3.1.2.2. Extraction and fractionation 

Dried and powdered leaves (5.0 Kg), stem (8.0 Kg) and roots (8.0 kg) were 

macerated in 12 L, 20 L and 20 L of methanol respectively and separately with stirring at 

room temperature for a week to allow it to macerate and extract the maximum 

compounds out of the plant material .This was filtered and the same process was repeated 

3 times using same volume of methanol each time. These filtrates were concentrated to a 

semi solid mass by evaporating it under vacuum at 35-40 0C. 
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These semi solid masses were crude methanolic extracts .The crude methanolic 

extract of leaves (412 g, 8.24 % w/w), stem (375 g 4.69 %) and roots (372 g 4.65 %) was 

obtained as given in Scheme 1-3. 

 A portion (355 g) of Crude extract of stem was subjected to fractionation process. 

Before going into the fractionation step 20 g of crude extract was left for biological 

screening of the stem. Then extract of stem was partitioned into six major fractionations. 

The crude extract was suspended in 1 L distilled water in a 4 L separating funnel. To this 

separating funnel n- hexane (1.5 L) was added and it was shaken well. When a separate 

layer was produced the upper organic layer was obtained and placed in separate beaker. 

Same process was repeated thrice. This combined organic when concentrated under 

vacuum at 35-40 0C gave hexane fraction (45.2 g). After this process the extract was 

extracted with chloroform. After the removal of n- hexane fraction, chloroform (1 L) was 

added to the remaining extract, shaken well and allowed to stand. When two separate 

layers were produced the lower organic layer was collected as chloroform fraction. This 

process was repeated for three times. The combined chloroform fraction was 

concentrated under vacuum to yield chloroform fraction (11g). After getting chloroform 

fraction same process was repeated for ethyl acetate. Ethyl acetate (1 L) was taken with 

the remaining extract, shaken well and allowed to stand. The upper layer was separated as 

ethyl acetate fraction. This process was repeated and the combined ethyl acetate fraction 

was concentrated in vacuum to get 37.3 g of ethyl acetate fraction. After that n-butanol 

fraction (163.5 g) was obtained by the same process. Part of the extract that was left 

behind all this process was aqueous fraction (97.1 g) of stem as shown in Scheme 1. 
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Scheme 1. Extraction and fractionation from the Stem of Zizyphus oxyphylla Edgew. 
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Similarly the crude methanolic extract of leaves obtained was 412 g. This crude 

methanolic extract was subjected to the fractionation as mentioned above so six fractions 

n-hexane (31 g), chloroform (97 g), ethyl acetate (159g), n-butanol (38 g) and aqueous 

(85 g)fraction were obtained as  shown in Scheme 2. 

 

Methanolic Extract
(412 g)

Fractionation

-Hexane Fraction
(31 g)

CHCl3Fraction
(97 g)

EtOAc Fraction
(159 g)

Powdered Leaves
(5 Kg)

Extraction

H O Fraction
(85 g)

-BuOH fraction
(38 g)

 

Scheme 2.  Extraction and fractionation from the leaves of Zizyphus oxyphylla Edgew 
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As regards to the crud extract of roots of Z. oxyphylla, it was also fractionated into six 

fractions including crude extract by the same process as was followed for stem and 

leaves. Various fractions along with there quantities are shown in Scheme 3. 

 

Scheme. 3.  Extraction and fractionation from the Roots of Zizyphus oxyphylla Edgew 
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Table 38. Qualitative Phytochemical analysis of stem and leaves. 

Phytochemical Test Result 

Leaves Stem 

Tannins Positive Positive 
Alkaloids Positive Positive 
Saponins Positive Positive 
Falvonoids Positive Positive 
Diterpenoids Positive Positive 
Steroids Positive Positive 
Anthraquinones Positive Positive 
Coumarins Negative Negative 
Sterols and Terpenes Positive Positive 

 

 

3.1.3. Phytochemical Tests 

Various classes of compounds were detected in the crude extract of the plants by 

following the standers qualitative method described by Aayola 2008.  Various protocols 

used for phytochemical test (Ayoola et al., 2008) are given as following while the results 

have been summarized in Table 38. 

 

3.1.3.1. Alkaloids 

Firstly alkaloids were extracted from crude extract by acidification, basification 

and subsequent extraction with chloroform. It was divided into two fractions. To one 

fraction Mayer reagent was added and to second portion Draggendorff’s reagent was 

added. Formation of cream with Mayer’s reagent or formation of reddish brown 

precipitate with Draggendorff’s reagent confirmed the presence of Alkaloids 

 

3.1.3.2. Tannins 

Crude extract (0.5 g) was boiled in 10 ml of water in a test tube followed by 

filtration. To this filtrate was added few drops of 0.1% ferric chloride solution. Formation 

of brownish green or blue black coloration confirmed the presence of tannins.  
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3.1.3.3. Saponins 

In a test tube 0.5 g of crude extract was shaken with 10 mL of distilled water. A 

stable froth was formed which turned into emulsion when mixed with 3 drops of olive oil 

and shaken vigorously. It confirmed the presence of saponins 

 

3.1.3.4. Flavonoids 

The presence of flavonoids was confirmed by the addition of few drops of NaOH 

to the solution of the extract. An intense yellow color was formed which disappeared on 

addition of few drops of acetic acid.  

 

3.1.3.5. Diterpenoids 

 Diterpenoids were detected by spraying TLC with cerric sulphate reagent. 

 

3.1.3.6. Steroids 

Steroids were screened by adding 1 ml of acetic anhydride to 0.25 g methanolic 

extract of each sample with 1 ml H2SO4. The color changed from violet to blue or green 

in some samples indicating the presence of steroids.  

 

3.1.3.7. Anthraquinones 

Crude extract (0.5 g) was boiled with H2SO4, filtered when it was hot .It was 

extracted with 5 mL of chloroform. To chloroform 1mL of dilute ammonia solution was 

added. Color change was observed.  

 

3.1.3.8. Coumarins 

For detecting Coumarins, a piece of filter paper was moistened in NaOH and then 

kept over a test tube with boiling plant extract solution. If the filter paper later showed 

any yellow fluorescence under UV light that was taken to indicate a positive test for 

coumarins.  
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3.1.3.9. Sterols 

 The crude extract in chloroform was treated with few drops of conc. H2SO4. It was 

shaken well and allowed to stand for a while. The presence of sterol was confirmed by 

the appearance of red color in the lower layer. 

 

3.1.4. Chemical constituents of the plant 

Two methodologies were used for the chemical investigation of the plant material. 

a) Isolation of compounds by column chromatography, preparative TLC. 

b) Identification of known compounds in fixed oils by gas chromatography- 

mass spectrometry (GC/MS) 

 

3.1.4.1. Isolation of the compounds by column chromatography 

The isolation of the chemical constituents was carried out by subjecting the 

chloroform fraction of the stem, Dichloromethane fraction of the roots and ethyl acetate 

fraction of the leaves to column chromatography. 

The chloroform fraction (11 g) of stem was subjected to column chromatography 

by using column grade silica (220 g) as stationary phase in a 65 mm (diameter) coloumn. 

Specific solvent system for the elution of alkaloids was used.  This solvent system 

contained a combination of three solvents i.e. n-hexane, acetone and diethyl amine. 

Elution was started with lowest polar combination of this system. Gradually the polarity 

was increased. When the ratio of solvent system reached n-hexane, acetone and diethyl 

amine (75:25:0.1) 8 sub fractions (A-H) were obtained as shown in the Scheme 4. 
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Scheme 4.  Isolation scheme of compounds from stem of Z. oxyphylla.  

 

The dichloromethane fraction (2.5 g) of roots was further processed. A coloumn 

with internal diameter of 20 mm was used fro this purpose. Silica gel (40 g) was loaded, 

on this column, as a stationary phase. Same elution system that was used for stem 

chloroform fraction was used (n-hexane, acetone and diethyl amine). At a ratio of 

(75:25:0.1) 16 fractions were obtained. Similar fractions were combined to yield 8 sub 

fractions (A-H) as shown in the Scheme 5. 
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4 C 5

n- n-

 

 

Scheme 5.  Isolation scheme of compounds from roots of Z. oxyphylla. 

 

Similarly the ethylacetate fraction (159 g) of leaves was also subjected to column 

chromatography by loading column grade silica gel (1.3 kg) on a 116 mm glass column 

.This column was eluted with pure hexane in the beginning. Polarity was increased by 

increasing the ethyl acetate gradient till pure ethyl acetate was reached. Then methanol, 

ethyl acetate gradient was started but with a very careful increase in the polarity. This 

process was continued when the polarity of the elution system reached 14% methanol in 

ethyl acetate. During this whole process of elution 18 sub fractions (E1-18) were obtained 

as shown in Scheme 6. 
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Scheme 6.  Isolation scheme of compounds obtained from ethyl acetate fraction of leave 

Z.oxyphylla. 
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3.1.5. Physical and spectroscopic data of the isolated compounds 

3.1.5.1. Compound 1 (Oxyphylline B) 

 Sub fraction C (765 mg) from the chloroform fraction of stem, was subjected to 

column chromatography with solvent system n-hexane: acetone: diethyl amine (15:10:1) 

as shown in Scheme 4. This provided with a compound 1, Oxyphylline B (13 mg), which 

was white amorphous solid and UV active in nature  

Table 39. Physical and spectral data of Oxyphylline B (1) 

Entry Parameters Observations 

1 Physical state White amorphous powder 

2 Molecular formula C33H40N4O5 

3 Melting point 201-205oC 

4 Rf 0.52 [ n-hex: C3H6O: DEA,15:10:1] 

5 
 

-76.2 (c 0.02, acetone) 

6 Yield 13 mg 

7 Solubility at r.t.m. CHCl3, C3H6O, MeOH. 

8 UV max (MeOH) 275 nm 

9 IR max, cm-1 (C3H6O) 3300-3400 (NH), 1656 (amide),  

1508-1624 (aromatic) 

10 1H-NMR (500 MHz, C3D60 ) (See Table 11) 

12 13C-NMR (C3D60, 125 MHz) (See Table 11) 

13 HRESI-MS (m/z) 573.30 (C33H40N4O5+H) 

 

3.1.5.2. Compound 2 (Oxyphylline C) 

Compound 2 Oxyphylline C was isolated from the same sub fraction and by 

following the same procedure as was used for compound 1 as shown in Scheme 4. 

Oxyphylline C (19 mg) was obtained as white amorphous solid. It was found to be UV 

active. 
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Table 40. Physical and spectral data of Oxyphylline C (2) 

Entry Parameters Observations 

1 Physical state White amorphous powder 

2 Molecular formula C40H38N4O5 

3 Melting point 211-213 oC 

4 Rf  0.49 [ n-hex: C3H6O: DEA,15:10:1] 

c 
 

-49.7 (c 0.02, acetone) 

6 Yield 19 mg 

7 Solubility at r.t.m. CHCl3, C3H6O, MeOH.   

8 UV max (MeOH) 283 nm. 

9 IR max, cm-1 (C3H6O) 3375 (NH), 1625-1687 (amide),  

1519 (aromatic) 

10 1H-NMR (600 MHz, C3D60) (see Table 12) 

11 13C-NMR (C3D60, 150 MHz) (see Table 12) 

12 HRESI-MS (m/z) 655.2975(C40H38N4O5+H)   

 

3.1.5.3. Compound 3 (+)-R, S Maackiain 

The sub-fraction E4 (654 mg) of the leaves ethyl acetate fraction was loaded on 

Preparative TLC employing a 30 % acetone/ n-hexane solvent system that afforded 

compound 3 (28.4 mg)  as white amorphous solid (Scheme 6). 

 

Table 41. Physical and spectral data of  (+)-R,S Maackiain (3) 

Entry Parameters Observations 

1 Physical state White amorphous powder 

2 Molecular formula C16H12O5 

3 Melting point 123-128o C 

4 Rf 0.42[C3H6O:n-hex 30:70] 

5  D
30

 
+ 7.5 (CHCl3, c 0.5) 
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6 UV(MeOH)  309, 291 and 286.0 nm 

7 IR max, cm-1 (CHCl3)  OH (3361), C ═ C (1609) and C − O 

(1138) 

8 Yield 28.4 mg 

9 1H-NMR (500 MHz, CDCl3) (see Table 13) 

10 13C-NMR (CDCl3, 125 MHz) (see Table 13) 

11 HREI-MS (m/z) 284.1213 

 

3.1.5.4. Compound 4 (Oxyphylline D) 

The sub-fraction D (41.3 mg) from the DCM fraction of roots was further 

subjected to the isolation process through preparative TLC method. Preparative TLC was 

developed in a solvent system of n-hexane: acetone: diethyl amine (15:10:1) which 

yielded compound 4(10.2 mg) as shown in Scheme 5. This compound was white 

amorphous solid and was UV active. 

 

Table 42. Physical and spectral data of Oxyphylline D (4) 

Entry Parameters Observations  

1 Physical state White amorphous powder 

2 Molecular formula C30H36N4O5 

3 Rf 0.71 [ n-hex: C3H6O: DEA,15:10:1]  

4  D
30

 
-82.6 (c 0.02, acetone) 

5 Melting point 173-175 oC 

6 Yield 10.2 mg 

7 Solubility at r.t.m. CHCl3, C3H6O, MeOH. 

8 UV max (MeOH) 319 and 264 nm. 

9  IR max, cm-1 (KBr) 3396 (NH), 1643 and 1697 (amide), 1508 (C=C) 
 

10 1H-NMR (600 MHz, C3D60) (See Table 14) 

11 13C-NMR (C3D60, 150 MHz) (See Table 14) 
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12 HRESI-MS (m/z) 533.2323 (C30H36N4O5+H) 

 

3.1.5.5. Compound 5 (Nummularine-C) 

The sub-fraction E (53.4 mg) from DCM fraction of roots was further purified by 

preparative TLC. Nummularin-C (8.7 mg) was obtained as a white amorphous powder 

when solvent system for preparative TLC was n-hexane: acetone: DEA, 15:10:1 as 

indicated in Scheme 5. 

Table 43. Physical and spectral data of  Nummularin-C(5)  

Entry Parameters Observations  

1 Physical state White Amorphous Powder  

2 Molecular formula C31H40N4O5

3 Melting point 278-280 0C 

4 Rf 5.7 [ n-hex: C3H6O: DEA,15:10:1] 

5 
 

-370.0 (c 0.2, acetone) 

6 Yield 8.7 mg 

7 Solubility room temperature CHCl3, C3H6O, MeOH. 

8 UV max (MeOH) 319 and 265 nm. 

9 IRmax cm-1 (KBr) 3310 (NH), 1625 and1670 (amide), 1508 
(C=C)  

10 1H-NMR (500 MHz, DMSO) (See Table 2.1.5) 

11 13C-NMR (C3D60, 150 MHz) (see Table 2.1.5) 

12 HRESI-MS (m/z) 549.2664 (for C31H40N4O5 +H)

 

3.1.5.6. Compound 6 (Nummularine-R) 

Amongst the various fractions obtained from the elution of chloroform fraction 

(11 g), subfraction C (202 g) was further purified by preparative TLC method to yield  a 

white amorphous solid , UV active compound 6 named Nummularine-R (6.3 mg)  as 

shown in Scheme  5 
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Table 44. Physical and spectral data of Nummularine-R (6) 

Entry Parameters Observations  

1 Physical state White amorphous powder 

2 Molecular formula C33H41N5O5 

3 Melting point 134-135 oC 

4 Rf 5.5 [ n-hex: C3H6O: DEA,15:10:1] 

5 []D
25:  -72.4 (c 0.03, acetone) 

6 Yield 6.3 mg 

7 UV max (MeOH): nm. 
 

 322,  266  
 

8 IR (KBr) cm-1  3383, 3248 (NH), 1670 (amide), 1625 
(C=C)  

9 13C-NMR (C3D60, 150 MHz) See Table 16 

10 1H-NMR (400 MHz, CDCl3) See Table 16 

11 HRESI-MS (m/z) 588.2789 ( for C33H41N5O5 +H) 

 

 

3.1.5.7. Compound 7 (-Sitosterol) 

When sub fraction E2 (312 mg) was subjected to column chromatography, compound 7 

(13 mg) was obtained as colorless crystals at a solvent system of EtOAc/ n- Hex.(8:92). 

Compound 7 was UV inactive (Scheme 6) 

 

Table 45. Physical and spectral data of -Sitosterol (7) 

Entry Parameters Observations  

1 Physical state Colorless crystals 

2 Molecular formula C29H50O 

3 Melting point 135 oC 

4 Rf 0.49 [n- Hex: EtOAc; 88:12] 

5  D
30

 
-31.2o (c = 0.6, EtOH) 

6 Yield 13 mg  
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7 Solubility (at r.t) CHCl3, MeOH  

8 IR max, cm-1 (CHCl3) 3450 (OH), 3050 (C-H), 1650 (C=C). 

9 1H-NMR (400 MHz, CDCl3) 5.24 (1H, m, H-6), 3.33 (1H, m, H-3), 

1.04 (3H, s, H3-19), 0.93 (3H, d, J = 6.4 

Hz, H3- 21), 0.81 (3H, t, J = 7.0 Hz, H3- 

29), 0.81 (3H, d, J = 6.5 Hz, H3-26), 0.80 

(3H, d, J = 6.5 Hz, H3-27), 0.76 (3H, s, 

H3-19), 0.69 (3H, s, H3-18). 

10 13C-NMR (CDCl3, 100 MHz) 140.5 (C-5), 122.0 (C-6), 71.2 (C-3), 57.3 

(C-14), 56.4 (C-17), 51.7 (C-24), 49.3 (C-

9), 42.8 (C-13), 42.2 (C-4), 40.3 (C-20), 

38.1 (C-12), 37.7 (C-1), 36.0 (C-10), 32.5 

(C-8), 32.1 (C-25), 31.6 (C-7), 31.4 (C-2), 

28.2 (C-16), 25.3 ( C-28), 24.1 (C-15), 

21.4 (C-27), 21.0 (C-21), 20.9 (C-11), 

19.4 (C-19), 19.3 (C-26), 12.6 (C-18), 

12.1 (C-29). 

11 HREI-MS (m/z) 414.3845 

 

3.1.5.8. Compound 8 (Stigmasterol 3- O- -glucoside) 

The sub-fraction E-9 (412mg) was further purified by column chromatography  and 

eluted with ethyl acetate/ n hexane; (70:30) to afford UV inactive white amorphous 

compound 8, Stigmasterol 3- O- -glucoside (23 mg) as shown in Scheme 6. 

Table 46. Physical and spectral data of  Stigmasterol 3- O- -glucoside (8)  

Entry Parameters Observations 

1 Physical state White amorphous 

2 Molecular formula C35H58O6 

3 Melting point 281-284oC 

4 Rf-value 0.4 [MeOH: DCM; 9 : 91] 
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5  D
30

 
-51.0 (c = 0.21, MeOH) 

6 Yield 22 mg  

7 Solubility (at r.t)  Pyridine, MeOH(Partially soluble), 

8 IR vmax, cm-1(KBr) 3458 (OH), 1646 (C=C) 

9 1H-NMR (400 MHz, CDCl3) 5.23 (1H, br. d J = 5.4 Hz,H-6), 5.14 (1H, dd, J = 

15.2,8.0 Hz, H-22), 5.02 (1H, dd, J = 15.3, 8.0 Hz, 

H-23), 4.77 (1H, d, J = 7.5 Hz, H-1′ ), 3.86 (1H, 

m, H-3), 3.85 - 4.41 (m, Glc-H′), 1.01 (3H, s, H3-

19), 0.90 (3H, d, J = 6.2 Hz, H3-21), 0.83 (3H, d, J 

= 6.6 Hz, H3-26), 0.82 (3H,t, J = 7.0 Hz, H3- 29), 

0.80 (3H, d, J = 6.5 Hz, H3-27), 0.66 (3H, s, H3-

18). 

10 13C-NMR (CDCl3, 100 

MHz) 

141.3 (C-5), 138.4 (C-22), 129.3 (C-23), 121.5 ( 

C-6), 102.3 ( C-1′), 79.2 (C-3′), 76.3 (C-5′), 74.1 

(C- 2′), 70.7 (C-4′), 62.2 (C-6′), 57.3 (C-14), 56.2 

(C-17), 52.1 (C-24), 50.8 (C-9), 43.7 (C-4), 43.1 

(C-13), 40.3 (C-20), 39.7 (C-12), 37.3 (C-1), 36.6 

(C-10), 32.8 (C-25), 32.5 (C-2), 31.8 (C-7), 31.7 

(C-8), 28.9 (C-16), 25.5 (C-28), 24.5 (C-15),21.9 

(C-21), (C-24), 21.7 (C- 27), 21.5 (C-11), 19.5 (C-

19), 19.1 (C-26), 12.6 (C-18), 12.1 (C-29). 

11 HREI-MS (m/z) 575.4231 
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3.1.6. Identification of the known compounds in fixed oils by gas chromatography-
mass spectrometry (GC-MS). 

From n-hexane fraction of both stem and leaves various oil fraction were obtained 

as shown in Scheme 7-8. These oil fractions were then analyzed with the help of gas 

chromatography (GC) which was then followed by gas chromatography coupled with 

mass spectrometry (GC-MS). For GC analysis Shimadzu GC17-A system was used while 

GC-MS was performed on Jeol JMS-600H GC coupled with Jeol JMS HX 110 quadruple 

mass spectrometer.  

Final temperature (300 oC of the GC oven was attained by adjusting the heat of 

GC oven up to 50 °C for 1 minute then 80 °C for 3 minutes. It was followed by a 10 oC 

/minute increase in the temperature till the final temperature was attained. Capillary 

column (DB-5) was coated with 5% phenylmethylsiloxane and 95% 

polydimethylsiloxane. This column was fused silica gel based and had dimensions of 

30mm, 0.25 mm internal diameter and 0.25 coating thickness.  

The temperature at the time of injection was 250 °C while detection was done at 

280 °C. Split mode with a split ratio of 40:1 was used to inject the sample (1.0 μL) while 

nitrogen was used as a carrier gase having a velocity of 35 cm/second. The inlet pressure 

was adjusted to be 99.31 KPa. At detector level hydrogen with a velocity of 55 

mL/minute was used as a carrier gas while air flow rate was 400 mL/minute. 

In case of GC-MS system, the GC parameters were same however the mass 

spectrometer was set at the ionization voltage 70 eV. Helium was used as a carrier gas at 

an operating temperature 250 °C. Qualitative analysis of the compounds was performed 

by the comparison of their relative retention times and mass spectra. For this purpose, 

NIST MS spectral database was searched was used. The relative amounts of individual 

components of the fatty oils were expressed as percentages of peak area relative to the 

total peak area. Gas chromatograms of the test samples are presented in figures (Figure 

66-71). 
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Scheme 7.  Sub-fractions W01-WO4 from stem extract of Z. oxyphylla as fractionated by 
solid-phase extraction and analyzed by GCMS. 
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Scheme 8. Oils sub fraction WO5 from the leaves n-hexane fraction as fractionated by 
solid-phase extraction and analyzed by GCMS. 
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3.2. Pharmacological Studies (In vitro) 
 

3.2.1. Antibacterial Assays 

Agar well diffusion method was used for antibacterial assay of crude extracts as 

well as pure compounds (Carron et al., 1987; Kavanagh, 1963). In this method the 

concentration of crude extract used was 3 mg/ ml of DMSO while 1 mg / mL of DMSO 

was the dose for pure compound. Six human pathogenic strains including Escherichia 

coli (ATCC 25922), Bacillus subtilus (ATCC 6633), Shigella flexenari (clinical isolate), 

Staphylococcus aureus (ATCC 25923), Pseudomonas aeruginosa (ATCC 27853) and 

Salmonella typhi (ATCC 19430) were used in antibacterial assay. 

Following three types of media were used in this assay 

 Solid medium   (Nutrient agar)            

 Liquid medium (Nutrient broth) 

 Semi-solid medium (Soft agar) 

 

Procedure 

 On first day a single colony of bacteria was inoculated on nutrient broth and was 

incubated at 37 oC for 24 hours. Next day a loop full of this 24 hours old culture 

containing approximately 104-106 CFU was spread on the surface of Mueller-Hinton 

Agar plates. With the help of metallic cork borer wells (6mm) were dug in medium in 

each plate. The distance between two well was kept 24 mm from centre to centre. All 

these well were marked with their specific codes. Stock solutions for crude extract(3 

mg/mL of DMSO) and pure compounds (1mg/mL of DMSO) were prepared .Then 100 

μL dilutions of each sample was added into their respective wells. Other wells 

supplemented with standard antibacterial drug (Imepinem) and DMSO serving as positive 

and negative control respectively. These plates were incubated at 37 oC for 24 hours. The 

anti bacterial activity was determined by measuring the zone of inhibition visually. The 

criteria mentioned in the Table 47 show the antibacterial potential of the samples. 
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Table 47. Ranges of antibacterial assay 

Zone of inhibition. Activity profile 

Below 9 mm No activity (_ _) 

9-12 mm Non-Significant(_) 

13-15 mm Low (+) 

16-18 mm Good (++) 

Above 18 mm Significant(+++) 

 

3.2.2. Insecticidal Activity 

Impregnated filter paper method was used to asses the insecticidal activity of 

crude extract. This method is also called direct contact method. In this method test insects 

Tribolium castaneum, Sitophilus oryzea, Rhyzopertha dominica, Trogoderma granarium 

and Callosobruchus analis were used to asses the insecticidal potential of various crude 

extract 

In this method first of all various test pests that have been mentioned earlier were 

reared under specific and controlled conditions of temperature and humidity in 

laboratory. Insects of uniform size and age were selected. Sample was prepared by 

dissolving 200 mg of the sample in 3 mL of acetone. This whole sample was spread with 

the help of micro pipette over a filter paper which was cut according to the size (90 mm) 

of petri plate. These loaded plates were left for 24 hours to make them completely dry by 

evaporating the volatile solvent. Next day 10 insects of each specie were placed on each 

plate with the help of clean brush. These plates were incubated at 37 oC with 50% 

humidity in the growth chamber.  Number of survival of insects in each plate was noted. 

Permetherin was used as a standard insecticidal drug. Permetherin and acetone with 

insects was used as positive and negative control (Tabassum et al., 1997; Atta-ur-Rahman 
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et al., 2001; Rashid et al., 2009a). Following formula was used to determine the % 

mortality. 

 

 

 

 

2.2.3. Phytotoxic Activity 

  Lamina bioassay was used for determining the phytotoxic activity of various 

samples (Atta-ur-Rehman., 1991; Rashid et al., 2009b).  In this bioassay first of all the 

stock solution of media was prepared by dissolving its various ingredients (Table 48) in 1 

liter of distilled water, while the pH (6.0 -7.0) of this medium was attained by the 

addition of KOH soln. It was then autoclaved at 121 oC for 15 minutes. From this stock 

solution working E- media was prepared by mixing 100 mL of media with 900 ml of 

distilled water. Stock solution of the samples was prepared by dissolving 20 mg of 

sample in1 mL of ethanol. Then nine flasks, three flasks for each concentration, were 

taken. A Concentration of 1000, 100 and 10 μg/mL in each flask was obtained by 

inoculating 1000, 100 and 10 μL of the stock solution respectively. The solvent was 

evaporated under sterilized conditions. To each flask 20 mL of working E- Media and 10 

plants of Lemna minor, each containing a rosette of two to three fronds, was added. 

Those flasks having only plants and media were used as a negative control while flask 

containing reference drug (Paraquat) and solvent acted as a positive control. After 

plugging the flasks with cotton plugs they were incubated in growth cabinet at 30° C, 56 

+ 10 % relative humidity and 9000 lux light intensity for 7 days. After seven days 

number of fonds in each flask was recorded. The results were prepared in term of % 

growth regulation with reference to positive and negative control. For the determination 

of % growth regulation the following reported formula was used. 
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Activity was determined as per criteria mentioned in Table 2.2.3 (Finny, 1971; Hideji et 

al., 1982; Rashid et al., 2009a). 

 

Table 48. Composition of medium for Lemna bioassay 

Constituents Formula mg/ml 

Potassium dihydrogen phosphate KH2PO4 680 

Potassium nitrate KNO3 1515 

Calcium nitrate Ca(NO3)2.4H2O 1180 

Magnesium sulphate MgSo4.7H2O 492 

Boric acid H3BO3 2.86 

Manganous chloride MnCl2.4H2O 3.62 

Ferric chloride FeCl3.4H2O 5.40 

Zinc sulphate ZnSO4.5H2O 0.22 

Copper sulphate CuSO4.5H2O 0.22 

Sodium molybdate Na2MoO4.2H2O 0.12 

Ethylene diamine tetraacetic acid EDTA 11.20 

 

 

Table 49. Limits for phytotoxic activity 

%  Inhibition Extent of Activity 

40 Low 

50 Moderate 

60-70 Good 

Above 70 Significant 
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2.2.4 Anti fungal Activity 

Agar tube dilution method was used for analyzing the anti fungal activity of crude 

extract and its fractions (Atta-ur-Rehman., 1991). In this method 24 mg of crude extract 

and 12 mg of pure compounds was used. Six human pathogens, Candida albicans 

(ATCC 2091), Candida glabarata (ATCC 90030), Aspergillus flavus (ATCC 32611), 

Trichophyton longifusis (clinical isolate), Mycosporum canis (ATCC 11622) and 

Fusarium solani (ATCC 11712) were used in this method. This method has some very 

good advantages that have been mentioned as following. 

 Convenient method for routine testing of samples(plant extract) 

 Suitable for testing non-sterile plant extracts. 

 Used for Non-polar extracts, essential oils, suspensions of solids or emulsions and 

antimicrobial substances 

 Efficient method because no concentration gradient occur as in diffusion method. 

 

 Procedure:  

 First of all Sabouraud Dextrose Agar (SDA) media was prepared by dissolving 15 

g SDA in distilled water and pH of the media was kept at 5.5-5.6. It also contained 2% of 

glucose. Volume was made up to 1 liter, heated and autoclaved at 121 oC temperature for 

15 minutes. This media (5 mL) was then dispensed in screw cap tubes and autoclaved at 

1210C for 15 minutes and temperature was brought to 500C. Samples were prepared by 

dissolving 24 mg of crude extract and 12 mg of pure in 1 mL of DMSO. These tubes 

were then loaded with 400 μg/ml of the crude extract. This was done by adding 16.66 μL 

from the stock solution into these tubes. These tubes were then solidified in slanted 

position. A piece (4 mm) from a 7 days old culture of fungus was inoculated in these 

tubes. For non-mycelial growth, an agar surface streak was employed. Other tube 

containing media and reference antifungal drug was used as positive control while 

medium supplemented with DMSO acted as negative control (Choudhary et al., 1995; 

Peters and Gilles, 1995; Rashid et al., 2009a; Janaki and Vijayasekaran, 1998). All these 

were incubated at 29 oC for 7 days and inhibition was observed after seven days. Linear 
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growth in mm of fungi in each tube containing samples of crude extract was measured 

and percent growth inhibition was calculated with reference to negative control using 

formula: 

 

   

        

  In this method two standard antifungal drugs were used. Amphotericine-B was 

used as standard antifungal drug for Candida albicans while Miconazole was used as 

standard drug for other fungi. 

 

Table 50. Criteria for determining antifungal assay 

% Inhibition Activity 

30-40 Low 

50-60 Moderate 

61-70 Good 

Above 70 Significant 

 

3.2.5. Brine shrimp lethality bioassay 

  To determine the cytotoxic activity of various crude extract brine shrimp lethality 

bioassay was performed. In this method Artemia salina larvae were used because many 

natural products are toxic to them. In this method artificial sea water was prepared by 

dissolving 38 g of sea salt in double distilled water and then filtered and its pH was 7.4 

(Meyer et al., 1982). Brine shrimp larvae were produced by placing the sea water in a 

small tank and then adding brine shrimp eggs and allowing it to stand for 24 hours at 

250C. During all this process this tank was covered with aluminum foil. Stock solutions 

of the test sample (crude extracts) were prepared by dissolving 20 mg of the sample in 2 
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mL of chloroform. Then 1000, 100 and 10 μg per mL concentration of the crude extract 

were obtained by transferring 500, 50 and 5 μL of the stock solution into vial 

respectively. Then three replicates were prepared for each concentration making a total of 

nine vials .Solvent was allowed to evaporate. Then 10 larvae were placed in each vial and 

volume was made to 5 mL by adding sea water. Two vials were supplemented with 

solvent and reference cytotoxic drug served as negative and positive control respectively.  

The standard reference cytotoxic drug used was Etoposide ((LD50 = 7.465 μg/mL). All 

these vial were incubated for 24 hours at 25-27 ºC. After incubation time number of 

survivals was counted. To determine the LD50 Finney computer program was used (Alves 

et al., 2000). 

 

3.2.6. In vitro anti-inflammation activity (Respiratory burst inhibitory assay) 

Inflammation, a defensive mechanism against injuries and pathogens, is 

characterized by some infilteration processes such as includes certain defense cells like 

neutrophiles, followed by monocytes and lymphocytes. It is also associated with the 

formation and release of some chemical mediators including prostaglandins (PGs), 

leukotrienes (LTs), histamine, bradykinin, platelet activating factor (PAF) and the pro 

inflammatory cytokines including interleukin-1 (IL-1), IL-8 and TNF. Neutrophiles 

contains defense mechanisms through protein signaling pathways and generating toxic 

oxygen metabolites including reactive oxygen species by various pathways. 

For Neutrophiles isolation the modified form of (Siddiqui et al., 1995) was used. In this 

method 30 ml of blood was taken from a healthy volunteer. This blood was mixed with 

equal volume of dextrane (0.6% with saline) in a 50 mL polystyrene tube (falcon).This 

was further diluted with1/3 part with PBS (pH 7.4). This was kept at room temperature 

till all the RBC’s settled down and buffy coat containing some RBC plasma, and 

lymphocytes was formed. Then centrifuge tubes (10 mL) were centrifuged for 30 min at 

1500 rpm at 37° C. These tubes contained 3 ml Ficoll Paque solution and buffy coat. The 

buffy coat was placed such that both of them did not mix and density gradient was 
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established. After centrifugation supernatant layer was discarded and hypotonic solution 

(0.83% ammonium chloride) was added. The pallets were mixed gently with a glass 

Pasteur pipette and kept for 10 minutes and then further centrifuged for 10 min at 37° C 

at 1,500 rpm.  The pallets were washed with the PBS twice and cells were re-suspended 

with Modified Hank’s solution (1 × 106 cells/mL). 

 Then inflammatory stimulant was prepared by mixing freshly prepared human 

serum (preferably AB blood group) mixed with Zymosan A (20 mg/ mL) with PBS in 

1:1. These tubes were vigorously shaken on vertex mixer and kept on shaking water for 

20 minutes at 37oc. 

Anti-inflammatory activity of the test compounds was determined by using a 

modified assay (Tan and Berridge, 2000). This in vitro assay was based on the reduction 

of highly water-soluble tetrazolium salt (WST-1) in the presence of activated 

neutrophiles. Anti-inflammatory activity was determined in a total volume of 200 µL 

MHS (pH 7.4) containing (1 X 106 Neutrophiles/mL), 250 µM WST-1 and various 

concentrations of test compounds. Buffer, neutrophiles and WST-1 acted as control while 

aspirin and Indomethacine was used as positive control. All the test samples were kept at 

37 oC and the reaction was started by adding opsonized zymosan A (15 mg/ml).  

DMSO was used as blank and IC50 value was calculated in comparison with 

DMSO as percent inhibition of peroxide anion produced. The percent inhibitory activity 

was determined by the following formula. 

 

% Inhibition = 100 - {(Optical Density of test compound/Optical Density control) x100} 

 

IC50 of samples was determined by using EZ-FIT Windows-based software. 

 

3.2.7. Urease Inhibition Assay 
  

 The procedure of (Ibrahim et al., 2006) was followed to determine the Urease 

inhibitory activity of various samples. A 96 well microtiter plate was used in this method. 

This microtiter plate was incubated with a solution containing 25 μL of Jack bean Urease, 
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100 mM urea , 55 μL of buffer and 5 μL (0.5 mM conc.) of the test compounds at 30 °C 

for 15 min. Indophenol method was used to measure the amount of ammonia produced 

and also to determine the urease inhibitory activity. Then 70 μL of Alkali reagent (0.5% 

w/v sodium hydroxide and 0.1 % w/v NaOCl) and 45 μL of phenol reagent (1% w/v 

phenol and 0.005% w/v sodium nitroprusside) were added to each well. After 50 minutes 

a micro plate reader (Md olecular Device) was used to measure the increasing absorbance 

at 630 nm. The change in absorbance per min was noted and the results processed using 

Soft-Max Pro software (Molecular Device, USA). All the tests were performed in 

triplicate. During this assay pH was maintained at 8.2 by 0.01 M K2HPO4.3H2O, 1.0 mM 

EDTA and 0.01 M LiCl2.  Thiourea was used as a standard drug. Following formula was 

used to calculate the percent inhibition. 

 

Percent inhibition = 100 ̶ (Optical Density test well /Optical Density control) ×100 

 

3.2. 8 Carbonic Anhydrase Inhibition Assay   

In this assay, the reaction is followed by measuring the formation 4-nitrophenol (yellow 

color) and acetate from 4-nitrophenylacetate (colorless) on hydrolysis (Thorslund and 

Lindskog, 2005).The pH was adjusted with the help of a buffer solution containing 

HEPES and 20mM concentration of Tris buffer. This whole reaction was carried out in 

this buffer solution at 25-28 0C. Test sample (20 µg) was dissolved in 10% DMSO while 

substrate 4-PNA (20 µl) at a concentration of 0.6-0.8 mM diluted in ethanol. For this 

whole process 96-well plates were used. These plates were then placed in SPECTRA max 

340 spectrophotometer. This reaction was monitored under spectrophotometer at 400 nm 

at 1 minute interval for 30 minutes. 
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Conclusion 
 

Zizyphus oxyphylla has been reported to have various pharmacological activities 

and has been extensively used for various ailments such as inflammatory disorders, GIT 

infections, urinary tract infections and hepatic disorders in folkloric use. Viewing this, 

Zizyphus oxyphylla was investigated both phytochemically and pharmacologically in 

search of finding new pharmacological activities as well as discovering some lead 

compounds that can be used in treatment of various human diseases. 

Crude extracts and their fractions of leaves and stem were subjected to various 

pharmacological activities such as anti-bacterial, anti-fungal, insecticidal, phytotoxic, 

cytotoxic, in vitro anti-inflammatory, urease inhibitory and carbonic anhydrase inhibitory 

activity. Results revealed that only leaves showed some anti-bacterial activity while both 

stem and leave exhibited moderate anti fungal activity. Neither stem nor leaves had any 

cytotoxic activity. Both leaves and stem can be used as phytotoxic agent but at a very 

high concentration. Some fractions of leaves showed same anti- inflammatory activity as 

the standard drug used. Polar fraction of leaves exhibited good urease inhibitory activity 

while fraction of stem showed moderate to good activity. As regards to phytochemical 

studies, eight compounds were isolated. Cyclopeptide alkaloid was the major class of 

compounds isolated (5 out of 8 compounds). These isolated compounds consisted of 

three new compounds namely Oxyphylline B, Oxyphylline C and (+)-R, S Maackiain. 

All five cyclopeptide alkaloids gave good anti-bacterial, anti fungal urease inhibitory 

activities. 

From the results we can conclude that this plant, like other species of genus 

Zizyphus, can be used in various human diseases and also it can be a source of lead 

compounds that can be helpful in treating various microbial infections as well as various 

inflammatory conditions. 
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Future plan 
 

As the literature shows that this plant has two major applications in folkloric use 

i.e. against inflammatory disorders and hepato protection, it has been planned to work on 

its use as hepato protective agent in various liver diseases. This study will include 

screening of various parts of this plant and comparing their relative hepato protective 

activity followed by isolation of those compounds responsible for this activity. Similarly 

anti-inflammatory compounds will be isolated following the same procedure. For 

inflammation various animal models will be used.  

As evident from the results and discussion portion, this plant is a rich source of 

cyclopeptide alkaloids. Literature shows that these cyclopeptide alkaloids have a marked 

sedative effect. So it is planned to isolate more and more cyclopeptide alkaloids in bulk 

quantities and then to study their sedative property and mechanism of its sedative 

property on molecular level. Furthermore it has been planned to take help of 

computational chemistry to predict various new activities and then to verify them by 

designing various experiments. Last but not the least it has also been planned to do some 

good synthetic chemistry with these cyclopeptide alkaloids attaching it to various drug 

molecules to see what is their effect on the activity and toxicity of those drug molecules? 
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