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Abstract 

The main objective of this study was to discover new cancer chemopreventive and 

cytotoxic compounds from the natural sources to combat cancer. For the purpose, 

after an extensive survey based on the information gathered from local healers, six 

medicinally-important plants of Pakistan were selected for investigation. These plants 

included Euphorbia wallichii Hook F., Bergenia ciliata (Haw.) Sternb, Acer 

oblongifolium Hort. ex Dippel, Aster thomsonii C. B. Clarke, Opuntia dillenii (Ker 

Gawl) Haw. and Withania coagulans (Stocks) Dunal. 

 For initial screening, total 59 extracts/fractions were prepared by using the different 

techniques including maceration, solvent-solvent extraction, flash column 

chromatography and solid phase extraction.  All the extracts/fractions were tested for 

their anticancer and cancer chemopreventive activity by employing seven 

independent assays. Overall the results of the initial screening were very encouraging 

and led to the selection of the most potent plant material for further investigation.  

NFĸB activity plays a critical role in cancer development, progression and therapy 

and two of our samples from Withania coagulans demonstrated greater than 90% 

inhibition of TNF-α induced activity of NFĸB. Aromatase inhibitors are known to be 

effective for the treatment and prevention of breast cancer. One fraction from aerial 

parts of each plant, W. coagulans and Euphorbia wallichii, inhibited aromatase by 

100% and 73%, respectively. Nitric oxide (NO) produced by inducible nitric oxide 

synthase (iNOS) plays critical role in inflammation, cell survival and tumor 

development and progression. Five of our samples, one from aerial parts of E. 

wallichii, one from Aster thomsonii, and three from fruit bearing aerial parts of W. 

coagulans,  inhibited NO production significantly in lipopolysaccharide activated 

macrophage RAW 264.7 cells as a marker of iNOS inhibitor. No extracts or fractions 

was deemed active in RXRE assay. DPPH free radical scavenger has potential use to 

scavenge oxygen free radicals, which are the product of normal cellular metabolism 

and can attack and produce endogenous DNA lesions leading to genotoxicity, 

mutation and cancer. A total of 25 extracts/fractions exhibited ≥ 70% scavenging at 

200 µg/ml concentration in DPPH assay, among them 13 were from roots and aerial 

parts of E. wallichii, 5 from B. ciliata, 6 from A. oblongifolium and one from A. 

thomsonii. QR1 is measured as overall representative of the phase II enzymes.  Phase 
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II enzymes are primarily responsible for the metabolic detoxification of chemical 

carcinogens and other harmful oxidants, leading to the protection of cells against 

redox cycling, oxidative stress, and carcinogenesis.  Therefore, induction of QR1 at 

the tumor initiation stage is suggestive for cancer prevention potential. A total of 10 

extracts/fractions demonstrated potent induction of QR1 in a cell-based assay with 

CD (concentration required to double the enzyme activity) <10 µg/ml among them 

one is from A. oblongifolium and 9 from W. coagulans. A total of 8 extracts and 

fractions showed cytotoxicity in an SRB assay against MCF-7, LU-1 and MDA-MB 

231 cancer cell lines, among them 3 are from E. waliichii and 5 from the W. 

coagulans. The overall results suggested that W. coagulans might be the most 

promising plant for further studies as the extracts/fractions from this plant showed 

highest and significant activity in most of the assays.  

After the initial screening, W. coagulans was selected to pursue further for isolation 

and purification of the pharmacologically relevant compounds. For this purpose, total 

10 kg dry weight of the W. coagulans aerial part was extracted, fractionated and 

subjected to biological evaluation in the above described assays to confirm the 

biological activities and to find the most active fractions. Active fractions were 

further processed through sequential bioactivity guided fractionation utilizing various 

chromatographic techniques, which led to isolation of 9 biologically active pure 

compounds. Structure elucidation of these compounds was carried by utilizing mass 

spectrometry (MS), one dimensional nuclear magnetic resonance (1D-NMR), and two 

dimensional nuclear magnetic resonance (2D-NMR) techniques. Structural 

elucidation showed that these compounds belong to a very important, biologically 

active and chemically distinct class of natural products known as “withanolides”. On 

the basis of existing reports and spectroscopic results it is concluded that out of these 

9 compounds 3 are new and 6 are already known withanolides. This study is a 

contribution towards the exploration of new withanolides as well as their potential use 

in cancer chemopreventive and anticancer drug discovery.  
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Natural products are a single most productive source of leads in far reaching endeavor 

of new drug discovery. Natural compounds from terrestrial and marine organisms 

have played primary role to cure many diseases and serve as drug both in their natural 

forms and after synthetic modification (Chin et al., 2006). The use of plants as 

medicine is essential part of history and represents most important direct ancestor to 

modern medicine. A number of well known species, including Papver somniferum, 

Glycyrrhiza glabra and Commiphora species (myrrh) are considered to be used as 

medicine since 2600 B.C. and represent the first known written record on clay tablets. 

These plants are still being used today in the system of conventional medicines, for 

the treatment of different diseases or as official drugs (Newman et al., 2000; Butler, 

2004; Chin et al., 2006). In older days, the knowledge of the use of specific plant for 

the treatment of a disease and the method of application were transferred to the next 

generation by oral communications. Later on, these informations were recorded in 

herbals (Balunas and Kinghorn, 2005). In the early drug discovery efforts, the 

knowledge of ethnopharmacological uses of these plants played important role and 

chronological experiences with these plants as curative tools have helped to bring in 

purified single chemical compound in modern medicine (Balunas and Kinghorn, 

2005). Fabricant and Fransworth (2001) analysed the uses of 122 plant derived drugs 

and showed that 80% of these have the same uses as in ethnopharmacological 

purposes. The huge population on this planet still depends on their traditional system 

of medicine for their every day needs. According to WHO, most of the population in 

developing countries and overall 80% of the world, for their daily health care needs 

depends mainly on traditional medicines. In addition to this, plant products also play a 

significant role in the health care systems of the left over 20% population, mainly 

residing in the developed countries. In the United States, from 1959 to 1980, 

medicines dispensed from the clinical pharmacist were investigated and it was found 

that 25% of the prescriptions contain plant extracts or active ingredients derived from 

higher plants. Presently at least 119 plant derived purified compounds are being used 

as one of the most important drugs in one or more countries (Fakim, 2006) and 74% 

of these were discovered from the plants being used in traditional system of medicine. 

Furthermore, in the recent years the use of alternative herbal products has gained 

more popularity for the treatment of most common diseases like cardiovascular 

diseases, infectious diseases, diabetes, allergy and cancers (Fakim, 2006).  
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1.1. Cancer 

Our bodies are composed of trillions of cells all working together in a very orderly 

manner. In cancer, one of those cell stop playing attention to the normal body signals 

which tell the cells to grow, stop growing and even die and thus he become 

independent of the controls that make our body function smoothly. Stills cancer cells 

have many features of the normal body cells (Spandidos and Anderson, 1989). 

According to National Cancer Institute (NCI) USA, “cancer is group of diseases in 

which abnormal body cell divide without control and are able to invade other tissues. 

Cancer can be spread to other parts of the body through blood and lymph system”. 

Cancer is still second major cause of death in most developed counties like United 

States (ACS, cnacer facts & figures., 2010). In 2008, more than 10 million new cases 

of cancers were diagnosed worldwide and of these more than 1 million were 

Americans (Anand et al., 2008). This number continued to increase every year and the 

estimated number of new cases of cancer in 2010 were 1,529,560 among these 

789,620 are males and 739,940 are females. Estimated number of deaths due to cancer 

in United States in 2010 are 569,490, of these 299,200 are male and 270,290 are 

females (ACS, CF&F., 2010). Only 5-10% of all the cancer cases can be due to the 

genetic defects and the remaining 90-95% is due to the environment and life style 

(Anand et al., 2008). The environmental and life style factors include environmental 

pollutants, cigarette smoking, alcohol, fried food and red meat, sun exposure, obesity, 

infections, stress and physical inactivity (Anand et al., 2008). Furthermore it was 

found that of all cancer related deaths,  20-30% are linked to tobacco usage, 30-35% 

are due to diet, 15-20% have link with infections, and the remaining  percentage are 

due to other factors like environmental pollutants, radiations, physical activity, stress 

etc (Anand et al., 2008).   

Even in the developed countries like United States, every year the number of newly 

diagnosed cancer cases and deaths due to cancer is increasing permanently. The 

developing countries like Pakistan has much worst situation than United States 

(Hanna and Kangolli, 2010). Deaths due to cancer have large socioeconomic impact 

worldwide. It is found that 90-95% cancer deaths can be decreased significantly by 

controlling the environmental factor and changing the life style. Combating cancer is 

major need of the time and natural products have proven their role in cancer 
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prevention. In order to understand cancer chemoprevention, it is essential to 

understand the role of carcinogens in carcinogenesis. 

1.1.1. Carcinogens 

Carcinogens are cancer inducing agents. Exposure to environmental carcinogens 

which may include both manmade and natural chemicals, radiations and viruses is the 

major cause of most of human cancers (Reddy et al., 2003). Carcinogens may be 

classified as:- 

 1. Genotoxic carcinogens are those which react with nucleic acid. If they have such 

reactivity that they can directly attack cellular constituents, they are called primary or 

directly acting carcinogens e.g. dimethyl sulfate, β-propiolactonel, ethylene imine etc.  

2. Procarcinogens require metabolic activation to induce carcinogenesis and include 

hydrazines (e.g. 1,2 dimethylhydrazine), polycyclic aromatic hydrocarbons (e.g. 

benzo α-pyrene), nitrosamines (e.g. dimethyl nitrosamine), inorganics (e.g. cadmium, 

plutonium), etc.  

3. Epigenetic carcinogens are those that are not genotoxic. But they cause or facilitate 

carcinogenesis by other mechanisms. These can be classified as promotors (e.g. 

phorbol esters, saccharine, bile acids), solid state (e.g. abestose, plastics), hormones 

(e.g. estrogens), immunosuppressents (e.g. purine analogues), cocarcinogens (e.g. 

catechol), etc. 

4. Peroxisome proliferators (e.g. clofibrate, phthalate esters) can be placed in 

unclassified carcinogens. 

It is obvious from above classification that molecular structure  and chemical formula 

of carcinogens ranges from simple  single atom of a metals to complex organic 

compounds. These carcinogens also vary in potency. This difference in potency and 

structure proposes that more than one mechanism is involved in carcinogenesis 

(Reddy et al., 2003). Carcinogens cause activation of oncogenes and suppression of 

tumor suppressor genes. 

1.1.2. Oncogenes and tumor suppressor genes  

One of the major causes of cancer is genetic changes that mainly occur in stem cells of 

various cell types. Cancer development is the multistep process, in which many genes 

(oncogenes, tumor suppressor or others) are involved (Spandidos and Anderson, 1989). 

Both oncogenes and tumor suppressor genes have important role in normal cell 
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proliferation and differentiation. So their abnormal expression is the major cause of 

conversion of normal cell into malignant one. In this course of carcinogenesis, proto-

oncogenes are activated to oncogenes and tumor suppressor genes are inactivated by 

mutation (Spandidos, 2007). The paradigms for oncogenes and tumor suppressor genes are 

Ras and p53 genes respectively (Spandidos, 2007). 

1.1.3. Carcinogenesis 

In the course of transformation of normal cells into cancerous cells, it is believed that 

it proceeds through many stages over a number of years or even decades (Reddy et 

al., 2003). The process of carcinogenesis can be divided into three stages including 

initiation, promotion, and progression. In the first stage a carcinogen interacts with 

DNA of the normal tissue cell (Barrett, 1993). This stage may remain inactive on the 

basis of genetic vulnerability and the subject may only be at the threat of emergence 

of cancer at a later stage (Reddy et al., 2003). The development of the second stage is 

very slow and it can extend over a period ranging from more than a few months to 

years. Through this period, a change in life style and diet can have a positive effect. 

This can prevent or slow down cancer to such extent that the person may not develop 

cancer throughout his or her life. The third and the last stage involve the progression 

and spread of the cancer, at this position diet may have no valuable impact (Reddy et 

al., 2003; Kinghorn et al., 2004).  

Oxidative DNA damage is considered one of the most important mechanisms to cause 

cancer. If a cell having damaged DNA divides before the DNA can be repaired, the 

results are most probably an everlasting genetic modification making a first step in 

carcinogenesis (Kinghorn et al., 2004). Rapidly dividing somatic cells are more 

vulnerable to carcinogenesis because there is less chance of DNA repair before cell 

division.  

In the past few decades in the course to combat cancer, the use of anticancer 

(cytotoxic) drugs remained the main strategy and natural products had proven their 

role in the discovery of anticancer drugs (Kinghorn et al., 2004).   

1.2. Cytotoxic drug discovery from natural products 

In 1957, US national cancer institute (NCI) decided to include the higher plants in the 

research for anticancer drug discovery. They mainly relied on bioactivity guided 

isolation methods (Kinghorn et al., 2004). As a result many important anticancer 
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agents such as vinblastine, vincristine, taxol, camptothecine and its analogs, etoposide 

and its analogs etc. have been discovered (Chin et al., 2006) . Since the start of this 

program by NCI, more than 35,000 plant species have been studied (Kinghorn et al., 

2004).  

Taxol (Fig.1.1), one of the most important anti cancer compounds was discovered 

from the bark of rare pacific yew tree Taxus brevifolia. It is used in the treatment of 

ovarian and breast cancer. Its mechanism of action involves its binding to β-tubulin 

subunit and stabilization of the microtubules, which result in cell death by apoptosis 

due to mitotic block (Wani et al., 1971; Stein, 1999; Yeung et al., 1999). 

 

 

Fig.1.1: Chemical structure of taxol 

 

Other anticancer drugs vincristine and vinblastine (Fig.1.2) were isolated from an 

evergreen ornamental plant, Catharanthus roseus. These are used in the treatment of 

testicular cancer, leukemia, and bladder cancers. Their mechanism of action involves 

inhibition of cell division by binding to the tubulin and thus preventing its 

polymerization into microtubules (Dhamodran et al., 1995; Ngan et al., 2001). 

 

 

Fig.1.2: Chemical structure of vinblastine and vincristine 
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Camptothecin (Fig.1.3) was isolated from Camptotheca acuminate. It is too nonpolar 

to be used as drug, but its semi synthetic analogues topotecan and irinotecan, (Fig. 

1.3) are used to treat bladder, colon, rectal and gastric cancers (Wall et al., 1966; Arun 

and frenkel, 2001). They are inhibitors of topoisomerase-1 and thus block DNA and 

RNA synthesis which results in protein linked DNA breakdown (Gelderblom et al., 

1999; Kantarjian, 1999; Kollmanns et al., 1999).  

 

 

Fig.1.3: Chemical structure of camptothecin and its analogues 

 

Podophyllotoxin (Fig. 1.4) was isolated from Indian Podophyllum plant 

(Podophyllum peltatum) and has a long therapeutic history. Due to its anthelmintic, 

emetic and cathartic effects, it was used as a remedy by American Indians. 

Semisythetic derivatives of podophyllotoxin, etoposide and teniposide (Fig. 1.4), are 

used to treat small-cell lung carcinoma, testicular cancer, lymphomas and other 

cancers (Nobili et al., 2009). They inhibit the enzyme topoisomerase-II and cause 

DNA cleavage, which leads to cell death (Van et al., 1988; Huff and Kreuzer, 1990).  

Fig.1.4: Chemical structure of podophyllotoxin and its semisynthetic derivatives 
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This successful history of anticancer drug discovery from natural sources gives a solid 

support to the hypothesis that new cytotoxic and cancer chemopreventive compounds 

can be discovered from hidden natural products by using suitable strategies, resources 

and efforts.  Vegetables, fruits and plants extracts has yielded many natural products 

which have been used in cancer prevention. The products promote human health 

without any noticeable side effects. (Reddy et al., 2003, Anand et al., 2008). 

As having the potential to inhibit cancer during early and later stages of cancer, 

cancer chemoprevention is gaining more attention considered as an important 

anticancer approach (Reddy et al., 2003; Kinghorn et al., 2004). 

1.3. Cancer chemoprevention and natural products 

Cancer prevention is a means of cancer control by which the incidence of the disease 

can be wholly prevented, slowed down, or reversed by the administration of one or 

more naturally occurring and/or synthetic agents (Cuendet et al., 2006). The thought 

of cancer prevention is gaining consideration because it is a more beneficial 

alternative to cancer treatment (Amin et al., 2009).  Chemoprevention approaches 

target each of the step in carcinogenic process (Fig. 1.5) and include anti-initiation 

strategies e.g. carcinogen metabolism, free radical scavenging, detoxification and 

DNA repair and anti-promotion/anti-progression strategies (Greenwald, 2002) e.g.  

 

 

 

 

 

 

 

 

Fig. 1.5: Mechanism of cancer prevention by natural compounds (Tsuda et al., 2004) 
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inflammation reduction, immunity enhancement, differentiation induction, increase in 

apoptosis, altered gene expression, proliferation suppression, free radical scavenging 

and decrease in angiogenesis (Tsao et al., 2004; Balunas and Kinghorn, 2005). Cancer 

chemoprevention can also be applied for preventing cancer reoccurrence (Balunas and 

Kinghorn, 2005). A brief summary of the natural chemopreventive agents with their 

mechanism of action, adopted from Tsuda et al. (2004), is given below:- 
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Cancer chemoprevention strategies which are designed to be applied before the start 

of cancer diagnosis are aimed to have not with little to no toxicity. While, where 

chemoprevention is applied to prevent cancer reoccurrence, slightly higher toxicity 

levels are acceptable. Due to the long history of human consumption, herbal 

medicines, edible plants, dietary supplements and botanicals are suggested as 

potentially important in chemoprevention (Park and Pezzuto, 2002; Surh, 2003; 

Reddy et al., 2003; Kinghorn et al., 2004; Balunas and Kinghorn, 2005).  In search of 

chemopreventive agents NCI USA started another project “Natural inhibitor of 

carcinogenesis” and funds granted under Program Project P01 CA48112 resulted in 

screening of over 5000 plant accessions collected from over 10 countries for cancer 

chemoprevention using a panel of in vitro bioassays (Kinghorn et al., 2004). As a 

result of this extensive screening and then bioactivity guided isolation, a total of 250 

bioactive compounds of 30 different types were isolated. Several plant derived 

compounds as a potential cancer chemopreventive agents are in clinical trials 

(Kinghorn et al., 2004). Some of these include curcumin (colon cancer), genistein 

(breast and endometrial cancer), indol-3-carbinol (lung cancer), perillyl alcohol 

(breast cancer), epigallocatechin gallate (Breast, bladder and unspecified cancers), 

resveratrol (unspecified cancers) and various forms of retinoic acid and more than 100 

clinical trials on these retinoic derivatives are in progress (Kinghorn et al., 2004; 

Balunas and Kinghorn, 2005). Few examples of highly active chemopreventive 

compounds from medicinal plants are given below in Fig 1.6. 
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3'-[γ-hydroxymethyl-(E)-γ-methyl]-2,4,2',4' 

tetrahydroxychalcone 11'-O-coumarate  

 

 

 

 

 

A, B, C, D are the flavanoids of 

Broussonetia papyrifera (Urticaceae) 

 

Fig.1.6: A few examples of very potent chemopreventive compounds from important 

medicinal plants (Kinghorn et al., 2004; Balunas and Kinghorn, 2005) 

 

1.4. Bioassays in the discovery of anticancer agents 

To determine the active power or strength of a sample, its effect on live animal or an 

isolated organ or specific target cells or cell components or simulated chemical 

system in comparison with those of reference standard is called bioassay.  

1.4.1. Role of bioassays 

To measure the biological activity of crude extracts and selection of most active 

starting material for isolation of new potentially cancer chemopreventive and 

cytotoxic agents from natural sources, the role of bioassays is obvious.  The assay 

must be sensitive, predictive, reproducible and reliable (Dey and Harborne, 1991).  To 

decide the true effectiveness of potential anticancer agents, it is important to assess 

their potency in more sophisticated testing systems followed by preclinical trials 

(Kinghorn et al., 2004; Balunas and Kinghorn, 2005). In vitro bioassays to measure 

cancer-chemopreventive and antitumor potential can be divided into two groups: sub-

cellular or molecular assays and cellular assays. Sub-cellular or molecular assays 

measure activity by using isolated systems such as receptors, enzymes, DNA etc., 

while cellular assays use intact cells (Park and Pezzuto, 2002; Reddy et al., 2003). 

The concurrent advantage and disadvantage of molecular assays is their high 
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specificity; any compound which acts by a different mechanism from the assay will 

not be detected.  

1.4.2. Cancer chemopreventive assays 

There are several types of assays used to find the cancer chemopreventive potential of 

botanicals. In this study the following bioassays were used: inhibition of TNF-α 

activated nuclear factor kappa-B (NFκB), aromatase inhibition, inhibition of 

lipopolysaccharide (LPS)-activated nitric oxide (NO) production in murine 

macrophage RAW 264.7 cells (iNOp assay), interaction with retinoid X receptor 

responsive elements (RXRE),  induction of quinone reductase 1 (QR1), 2,2-diphenyl-

1-picryl hydrazyl (DPPH) free radical scavenging and inhibition of MCF-7(ATCC 

number HTB-22), LU-1(human lung carcinoma cells established at the Department of 

Surgical Oncology, University of Illinois, College of Medicine Chicago) and MDA-

MB-231 (ATCC number HTB-26) cell proliferation. A brief background information 

of these assays is described here: 

1.4.2.1. Inhibition of TNF-α activated nuclear factor-kappa B (NFĸB)  

Promotion of cell growth is a necessary feature of all types of cancers and can be 

attained by abnormally activated or deregulated signaling pathways involved in cell 

cycle regulation, or abnormal growth signals outside the malignant cell. TNF-α is one 

of the activators of nuclear factor kappa-B (NFĸB) and NFĸB is an inducible 

transcription factor that plays an important role in the regulation of apoptosis, cell 

differentiation and cell migration (Fig. 1.7). Its activation may promote cell 

proliferation and further prevent programmed cell death through transcriptional 

activation of genes that suppress apoptosis (Baldwin, 2001; Karin, 2006). As an 

important regulator in cell fate decisions and being critical in tumorigenesis, 

inhibition of NFĸB signaling has its potential application for the prevention or 

treatment of cancer (Aggarwal et al., 2004; Schupp et al., 2009). NFĸB target genes 

involved in regulation of proliferation include cyclinD1, cyclinE, CDK2 and c-Myc, 

while growth signal include GM-CSF and interleukin-6 (IL-6). Initially activating 

mutations involving NFĸB that lead to cancer were thought to be rare (Keats et al., 

2007; Naugler and Karin, 2008). However, Annziata et al. (2007) surveyed 155 

patients of multiple myeloma and found that 20% of the samples had NFĸB activating 

mutations, the most frequent of which was inactivation of TRAF3.  
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 Fig. 1.7: Schematic diagram of NFκB activation pathways and its role in 

carcinogenesis (adopted from Ichikawa et al., 2006) 

1.4.2.2. Aromatase inhibition  

Breast cancer, the second leading cause of cancer deaths, is the most frequently 

diagnosed cancer among post menopausal women. The role of estrogens in the 

development of breast cancer is well understood with the majority of post menopausal 

women having hormone receptor positive tumors (Maiti et al., 2007). Also, estrogens 

are involved in many physiological processes together with the growth and 

maintenance of the female sexual organs, the reproductive cycle, reproduction and 

different neuroendocrine functions (Brueggemeier et al., 2005; Maiti et al., 2007).   

Aromatse is a cytochrome P450 enzyme complex responsible for the conversion of 

androgen to estrogen (Jongen et al., 2005). Brueggemeier et al. (2005) showed a 

significant relationship between the aromatase and cyclooxygenase isozyme (COX) 
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system and also suggested that autocrine and paracrine mechanisms may be involved 

in hormone dependent breast cancer development (Fig. 1.8) via growth stimulation 

from local estrogen biosynthesis.  

 

 

 

Fig. 1.8:  Aromatase and cyclooxygenase isozyme (COX) system (Brueggemeier et 

al., 2005) 

Aromatase inhibitors can block the production of estrogen, which in turn can turn 

down the growth of estrogen receptor positive breast cancer cells. Because estrogen 

production by aromatase is the last step in synthesis pathway of steroid production 

(Fig. 1.9), selective inhibition of aromatase does not affect the production of other 

useful steroids such as adrenal corticoids (Maiti et al., 2007). 

Therefore aromatase inhibitors have become attractive therapeutic agents in the 

treatment of estrogen dependent breast cancer. Additionally, a role for estrogens in 

prostate neoplasia has been proposed recently (Karr et al., 1987; Henderson et al., 

1987; Maiti et al., 2007) and animal studies have also demonstrated their potential as 

chemopreventive agents (Lubet et al., 1994; Gubson et al., 1995). So there is an 

enduring search for new classes of natural products that inhibit aromatase, to discover 

novel breast cancer chemopreventive agents. 
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Fig. 1.9: Steroidogenesis showing that aromatase inhibition will not affect the 

production of other useful steroids.  

http://upload.wikimedia.org/wikipedia/commons/8/8f/Steroidogenesis.gif (Visited on 

23 Jan 2011) 

 

1.4.2.3. Inhibition of lipopolysaccharide (LPS)-activated nitric oxide (NO) 

production in murine macrophage RAW 264.7 cells (iNOp)  

The stepwise progress of cancer from initiation and promotion is pursued by the 

progression phase, finally ends in metastasis that leads to uncontrolled spread of a 

cancer throughout the body. Though the initiation and promotion steps are obviously 

important, increasing evidence now suggest that inflammation is a serious element of 

tumor progression. Numerous cancers start from sites of persistent irritation, infection 

and inflammation. There are several reports suggesting that the tumor micro-

environment, which is mainly surrounded by inflammatory cells, is a serious member 
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in the neoplastic process, promoting cell multiplication, survival and migration 

(Faeron and Vogelstein, 1990; Hanahan and Weinberg, 2000; Pan et al., 2008).  

Inflammation is a defensive process of microcirculation in the host against a broad 

range of injuries caused by irradiation, physical force, irritants, extreme temperature, 

and mostly infectious pathogens. However, dysregulated and permanent inflammation 

may cause various pathophysiological conditions including esophagitis, gastritis, 

hepatitis, atherosclerosis, as well as cancer (Coussen and Werb, 2002; Schottenfeld 

and Beebe-Dimmer, 2006; Cheenparach et al., 2010b). Macrophages are involved in 

chronic inflammation by producing various inflammatory mediators including 

cytokines, interferon, colony-stimulating factors, chemokines, lysozymes, proteases, 

growth factors, eicosanoids, and nitric oxide (NO). Among these, NO is excessively 

synthesized endogenously from L-arginine by one of pro-inflammatory enzymes, 

inducible nitric oxide synthase (iNOS) and consequently results in diverse diseases 

including arthritis, asthma, multiple sclerosis, psoriasis, colitis, neurodegenerative 

disorders, tumor development and transplant rejection of septic shock (Cheenpracha 

et al., 2010b). A constant relationship between up-regulation of iNOS and cancers of 

the prostate, bladder, ovary, esophagus and oral cavity has been observed. Moreover, 

up-regulation is reported to happen during early tumor development in these organs, 

suggesting that use of iNOS inhibitors may be a possible chemopreventive approach 

(Crowell et al., 2003; Nomelini et al., 2008). Animal studies also showed the role for 

iNOS in the promotion of colon tumorigenesis. Chemopreventive effects of iNOS 

inhibitors have been proven in preclinical colon cancer models. Sharma et al. (2002) 

demonstrated the role of iNOS inhibitors as chemopreventive agents in a primary rat 

tracheal epithelial transformation system, predicting their use as lung cancer 

prevention in rodents. Therefore, it is of interest to find new inhibitors of iNOS and 

NO production.  

1.4.2.4. Retinoid X receptor responsive element (RXRE)-Luciferase reporter gene  

Retinoids are derivatives of vitamin A that affect cellular proliferation, differentiation 

and apoptosis in a retinoid-specific and cell-type specific manner (Zhang and Jetten, 

1997). Retinoids have shown efficacy as anti-cancer drugs that intervene in the 

carcinogenic process by regulating proliferation and differentiation at several stages 

(Wu et al., 2002). Retinoid receptors belong to the family of nuclear hormone 

receptors. There are two major classes of retinoid nuclear receptors: RARs (retinoic 
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acid   receptors) and RXRs (retinoid X receptors).  Each class contains three subtypes 

(α, β, γ).  

1.4.2.5. DPPH free radical scavenging  

It has been estimated that one human cell faces approximately 10,000 oxidative 

attacks per day from •OH (oxygen free radicals) and other such species (Halliwell and 

Aruoma, 1991; Dreher and Junod, 1996; Jaruga and Dizdarogluo, 1996; Wang et al., 

1998; Marnett, 2000; Dizdarogluo et al., 2002). These agents produce eternal 

alteration of genetic material by oxidative damage (Fig. 1.10), which is considered the 

initial step towards mutagenesis responsible for carcinogenesis (Halliwell and 

Gutteridge, 1989; Valko et al., 2004).  

 

Fig. 1.10:  Attacking pattern of hydroxyl free radical (●OH) on the C8 position of 

guanine as an example of conversion of a purine base into pyrrimidine (Valko et al., 

2004) 
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DNA modification by free radicals is corrected by specific and non-specific repair 

mechanisms, which are thought to occur mainly by base excision (Wallace, 1998, 

Valko et al., 2004). However, escape or failure to complete patch up of DNA damage 

could result in mutations such as base replacement and deletion (Dreher and Junod, 

1996; Marnett, 2000). The chance of mutation is directly proportional to the number 

of escaped DNA lesions or abrasions produced by oxidative damage. It is well-known 

that repair mechanisms become weaker with age and thus DNA abrasions are 

gathered with age.  

To protect the cells against the free radicals attack, the search for new free radicals 

scavenger from the natural sources is exceedingly required. 

1.4.2.6. Quinone reductase 1 (QR1) induction  

Carcinogenesis is a complex and prolonged process even though it can be started by a 

single incident in which DNA of a cell is damaged by an exogenous or endogenous 

agent (Cuendet et al., 2006). Approaches for defending cells from these initiating 

events consist of decreasing metabolic enzymes (Phase 1 enzymes) involved in 

production of reactive species and/or increase phase II enzyme that can deactivate 

radicals and electrophiles known to intervene in normal cell processes (Cuendet et al., 

2006). An important detoxification pathway involves reduction of electrophile 

quinones by QR1 to hyroquinones and reduces oxidative cycling (Cuendet et al., 

2006). There are two types of enzyme inducers, one is monofunctional and the other 

is bifunctional. Monofunctional inducers are selective for phase II enzymes. While 

bifunctional inducers increase phase II as well as phase I enzymes. Since phase I 

enzymes can activate procarcinogens to their ultimate reactive species, 

monofunctional inducers that induce phase II enzyme selectively are more attractive 

candidate for cancer chemoprevention (Cuendet et al., 2006). QR1 is a representative 

of overall elevation of phase II enzymes level. As Phase II enzymes are mainly 

responsible for the metabolism and detoxification of chemical carcinogens and other 

injurious oxidants, leading to the protection of cells against redox cycling, oxidative 

stress and carcinogenesis (Zhang and Gordon, 2004; Yang and Liu, 2009). Therefore 

induction of QR 1, at the tumor initiation stage, is suggestive for cancer prevention 

potential but it has also been established that inhibition of carcinogenesis at later 

stages is also possible (Cuendet et al., 2006). As QR1 rise in vitro and in vivo is 

associated with induction of other protective phase II enzymes and its induction is 
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easy to measure, therefore it is used a general biomarker for in vitro testing of the 

samples (Su et al., 2004; Cuendet et al., 2006). 

1.4.3. Cytotoxicity  

Most of the commonly used cytotoxic anticancer drugs were discovered through 

random high-throughput screening of natural products in cell based cytotoxicity assay 

(Monks et al., 1991). Cytotoxicity assays are designed to evaluate the direct effect of 

test samples on the cancer cell proliferation. Cytotoxicity assay does not give any 

information about the mechanism by which test sample exerts antiproliferative effect 

(Monks et al., 1991).  

Different cytotoxicity assays against different cell lines using tetrazolium (MTT and 

XTT) and sulphorhodamine B (SRB) are most commonly used. However SRB is used 

more commonly due to its stability and reproducibility.  

1.4.3.1. Sulforhodamine B (SRB) assay 

SRB assay is a convenient, sensitive, inexpensive most widely used method for the 

determination of cytotoxic potential of natural as well synthetic products (Skehan et 

al., 1990). It was developed by Skehan and his colleagues and reported in 1990 and 

the assay is based on the ability of SRB to bind to protein components of cell that 

have been fixed to bottom of cell tissue culture plate by TCA (trichloroacetic acid). 

SRB is a aminoxanthine dye with bright pink color and has two sulfonic groups that 

under acidic conditions binds amino acid residues and under basic conditions it is 

separated. The binding quantity of SRB is directly proportional to the cell mass and 

intense color of SRB staining enabled to run this assay in 96-well plates (Skehan et 

al., 1990). The intense color also increased the sensitivity of this assay which is 

comparable to those of fluorescent dye staining methods and still much better to other 

protein staining methods using conventional visible dye. 

The detection limit of this assay are as low as 1000-2000 cells per well  and have 

signal to noise ratio 4.83 at a density of 5000 cells per well. Results from SRB assay 

show a linear range over densities of 7500 – 180,000 cells per well (Vichai and 

Kirtikara, 2006). This high level of sensitivity, adoptability to 96 well format and end 

point stability, has made SRB very suitable for large scale cytotoxicity testing  in 

research. This assay has been widely used for drug toxicity testing against various 

types of cancerous and non cancerous cell lines (Vichai and Kirtikara, 2006). Here in 

this study cytotoxic potential of selected medicinal plants and purified compounds 
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against MCF-7 (Hormone responsive breast cancer cells, ATCC number HTB-22), 

LU-1(human lung carcinoma cells established from department of Surgical Oncology 

University of Illinois, College of Medicine at Chicago), KB (human epidermoid 

carcinoma in the mouth cells, ATCC number CCL-17) and MDA-MB-231 (estrogen 

receptor negative breast cancer cells, ATCC number HTB-26) cell lines has been 

determined by using SRB assay.  

1.5. Plants included in the present study 

1.5.1. Euphorbia wallichii 

Euphorbia wallichii Hook F. belongs to one of the largest families of higher plants i.e. 

Euphorbiaceae.  It is traditional medicinal plant and mostly found in northern areas of 

Pakistan, Afghanistan, Tibet, Nepal and Assam. E. wallichii is an erect perennial herb 

upto 75 cm tall. Flowers are bright yellowish-green and fruit is dark green in color 

(Ali and Ahmad, 2008). 

Members of genus Euphorbia are rich in aromatic esters, phenolics (Ahmad et al., 

2002b), steroids, triterpenoids, diterpenoids (Jassbi et al., 2004), pentacyclic 

triterpenoids (Ahmad et al., 2002a), tetracyclic, essential oils (Feizbakhsh et al., 

2004) and several bioactive constituents (Hohmann et al., 2003). E. wallichii is rich in 

abietane (Wang et al., 2004), diterpenoids of guaiane class (Zhang et al., 2006), 

rearranged diterpenoids (Pan et al., 2006), wallichiioside (Ali and Ahmad, 2008) and 

spirowallichiione, a rearranged multiflorane (Ali et al., 2008). 

 Roots of  E. wallichii have been traditionally used in folk medicines for the treatment 

of skin disease such as furuncles, cutaneous anthrax, exanthema and edema (Lal et al., 

1990). Roots of E. wallichii has been reported to have phytotoxic and cytotoxic 
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potential by Ali et al. (2009), and antioxidant and anticancerous potential by Haq et 

al., (2010).   

1.5.2. Bergenia ciliata  

 

Bergenia ciliata (Haw.) Sternb, a member of family Saxifragaceae, is a very 

important medicinal plant. It is native to central Asia but also distributed in South and 

East Asia and European countries. It grows at high altitudes in the Himalayas usually 

in rocky areas and on cliffs. B. ciliate is evergreen perennial plant with spirally 

arranged rosette of leaves and pink flowers and grows up to 12 inches tall . Leaves of 

the plant are glossy green, leathery with wavy edges (Asolkar et al., 1992; Singh et 

al., 2007).  

Chemical investigations of B. ciliata has revealed the presence of bergenin (Baht et 

al., 1974), β-sitosterol-D-glucoside (Jain and Gupta 1962), pashaano-lactone 

(Chandra et al., 1998), α-afzelechin (Tucci et al., 1969), methyl gallate, catechin (Dixt 

and Srivastava 1989) leucocyanidin and gallic acid (Chauhan et al., 2000).  

B. ciliata is reported to be used ethno-botanically for dissolution of kidney and 

bladder stones, and for treatment of leucorrhea, piles, and pulmonary infections 

(Asolkar et al., 1992). It is also used as antilithics, for treatment of urinary calculi and 

other urinary diseases; for treatment of heart disease, haemorrhoids, ophthalmia and 

stomach disorders, as anti-diabetic drug  (Kapur, 1993); and for the treatment of boils 

and blisters (Singh, 1997). Alcoholic extracts of the plant exhibited anti-

inflammatory, analgesic and diuretic properties (Gehlot et al., 1976). Other 

pharmacological activities include anti-viral, antibacterial, anti-tussive and anti-
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inflammatory (Singh et al., 2007; Islam et al., 2002). Bergenin is one of the the major 

constituent of the B. ciliata root and has been reported to possess anti-inflammatory 

(Swarnalakshmi et al., 1984), antitussive (Piegen, 1980), anti-HIV (Piacente et al., 

1996), antiarrhythmic (Pu et al., 2002) and neuroprotective (Takahashi et al., 2003) 

activities. 

1.5.3. Acer oblongifolium   

  

A. oblongifolium Hort. ex Dippel is a member of family Aceraceae. It is distributed in 

Pakistan and India to south China. It grows in the lower Hamalayan foot hills from 

600 to 2000 meter elevation in moist forest, especially along streams (eFlora of 

Pakistan).  South and East Asia Plant is 12 to 15 meter tall evergreen tree known as 

“Kaeen”. Tree trunk is irregularly buttressed at base and bark is smooth or wrinkled. 

Leaves are 5-18 cm long, 2-8 cm wide, glabrescent, ovate-lanceolate, reddish in color 

when young and dark green later. Inflorescence of A. oblongifolium is corymobose, 

pubescent on leafy terminal and 5-15 cm long. Flowers are greenish-in color (Nasir, 

1975).  

A. oblongifolium contains (+)-Catechin, (+)-Rhododendrol and Vitexin as major 

antioxidant constituents. 

A. oblongifolium is reported to have phytotoxic, antitumor and cytotoxic potential 

(Inayatullah et al., 2007). Other plant species belonging to genus Acer e.g. Acer 

palmatum (Kim et al., 2005), Acer albopurpurascens (Lee et al., 2005; Jiang et al., 

2006), Acer saccharum (Berge and Perkins, 2007), Acer buerferianum and Acer 

nikoense (Hou et al., 2003) has been report to exhibited antioxidant activities. 
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1.5.4. Aster thomsonii 

Aster thomsonii C. B. Clarke is a member of family Asteraceae. It is distributed in 

Indian subcontinent; India-Hamachal Pardesh, Jamu and Kashmir, Nepal and Pakistan 

(USDA). A. thomsonii is a perennial shrub, 50-60 cm high. It has lilac blue flower 

heads with a yellow centre (Watson and Dallwitz, 1992). Leaves are thick and stout, 

sometimes toothed along the margins. Fruit of A. thomsonii is known as achene 

(Cronquist, 1955). 

    

 Genus Aster is rich in important chemical compounds. It is reported that A. tataricus 

contains cyclic pentapeptides (Morita et al., 1993), aurantiamide acetate, terpenoids, 

flavonoids, anthraquinones, coumarins, and saponins (Lu et al., 1998). Some 

important chemical compounds e.g. foetidissimoside A (Nagao et al., 1993), and 

derivatives of quinic acid (Hur et al., 2001) were isolated from A. scaber. A. indicus 

contains phenolic ester, triterpene, simple phenols, indoles, flavonoids, quinic acid 

derivatives, phenylpropanoids, and phenylpropanoid glycoside (Lin et al., 2007). 

Plants of genus Aster has been used for relief of cough, as an expectorant, and they 

also show antitumor, antibacterial, diuretic, anti-ulcer and antiviral activities (Shirota 

et al., 1997; Wang and Yu, 1998). The infusion of the aerial parts of Aster squamatus, 

Hieron has antidiarrhoeic effect because it reduces gastrointestinal propulsion. It is 

also considered that ethanolic and aqueous extract of leaves, stalks, and roots of this 

plant have low toxicity (Meneghetti, 1997).  
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1.5.5. Opuntia dillenii  

Opuntia dillenii (Ker Gawl) Haw. belongs to family Cactaceae and usually grows in 

semi-desert regions in the tropics and sub-tropics (Chang et al., 2008). Plants of O. 

dillenii grow erectly and reach a height of about 50 to 200 cm. They consist of 

cladodes (flattened and obovate stem segments) with stout spines. O. dillenii plants 

show lemon yellow flowers and purple-skinned fruits. The juicy flesh of fruits is 

purple in colour and contains many tan coloured rounded seeds (Bohm, 2008). 

 

O. dillenii contains betalain as most characteristic substance. It also contains 

betacyanins and yellow betaxanthins (Bohm and Mack, 2004). Fruits of O. dillenii 

contain ascorbic acid, betanin and isobetanin. The yellow colour of O. dillenii flowers 

is caused by betaxanthins and flavonols. Flowers of O. dillenii also contain 3-O-

glucoside, kaempferol 3-O-arabinoside, isorhamnetin 3-O-glucoside and isorhamnetin 

3-O-rutinoside (Ahmed et al., 2005). Several steroids C29-5β-sterol opuntisterol and 

α-pyrones e.g. opuntiol are isolated from cladodes of O. dillenii. Seeds of O. dillenii 

consist of oil at 7.5 percent of their weight (Qiu et al., 2007).  

O. dillenii is used in folk medicine for treatment of gastric ulcers, reducing cholesterol 

levels, diabetes, inflammation (Loro et al., 1999) and several other diseases. Fruit is 

used as a coloring agent for drinks and foods. Flavonoids and phenolic acids content 

of Opuntia fruit influences the antioxidant ability of plant (Chang et al., 2008). 

Carrageenan-induced inflammation was inhibited by aqueous and alcoholic extracts 
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of fruits and cladodes of the plant (Loro et al., 1999). O. dillenii extracts is also 

reported to exhibit analgesic activity against pain caused by heat, acid, and electrical 

current in rodents (Loro et al., 1999). In addition to this, O. dillenii has shown 

antiulcerogenic and antispermatogenic effects (Gupta et al., 2002).  

1.5.6. Withania coagulans 

Withania coagulans(Stocks) Dunal., a member of family Solanaceae, commonly 

known as paneer (cheese maker) in Punjab, is distributed in the East of the 

Mediterranean region and extends to South Asia. W. coagulans is a rigid, 60-120 cm 

high, grey under shrub, occurring in drier parts of the Punjab. The milk coagulating 

properties of the fruit of W. coagulans is attributed to an enzyme present in the pulp 

and husk of berries (Hemalatha et al., 2008). 

 

 

Literature surveys on this plant revealed the presence of withanolides, esterases, 

alkaloids, lignan, essential oils, fatty oils and free amino acids (Rahman et al., 2003). 

Different parts of W. coagulans have been reported to possess a variety of biological 

activities. W. coagulans is a well known plant in the indigenous system of medicine 

for the treatment of intestinal infections, dyspepsia, dropsy, rheumatism, ulcers, 

consumption and sensile debility. The fruit is reported as diuretic and sedative. Plant 

is also employed as a blood purifier and for the treatment of asthma (Hemalatha et al., 

2008; Hemalatha and Kumar, 2008). Smoke of the plant is inhaled for relief in 

toothache and twigs are chewed for cleaning teeth. Leaves are used as vegetable, and 

as fodder for camel and sheep. The seeds are useful in ophthalamia and to lessen the 

inflammation of piles (Chadha, 1976). The fruit, berries are used for milk coagulation. 

Aqueous extract of the fruits of W. coagulans exhibited antidiabetic and anti-oxidant 
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activity (Hemalatha et al., 2004; 2005). W. coagulans is also reported to have 

antimicrobial, anthelminic (Budhiraja et al., 1987), anti-fungal (Choudhary et al., 

1995), antitumor (Chattopadhyay et al., 2007), anti-inflammatory, hepatoprotective 

(Budhiraja et al., 1984), wound healing (Hemalatha et al., 2008) and cardiovascular 

(Budhiraja et al., 1983) effects. 

1.6. Techniques used for extraction, fractionation, isolation and purification of 

natural products  

Over the last few decades, tremendous interest has been developed in the area of natural 

products isolation. Multiple strategies have emerged to isolate the natural products 

from natural resources. These techniques can be broadly divided into two categories:  

1. Older techniques 

a. Organism’s selection on the basis of its traditional uses and 

ethnopharmacological information.  

b. Consideration of chemical composition of natural source rather than its 

biological activity. 

2. Modern techniques. 

a. Bioactivity based isolation and identification of bioactive compounds 

from natural resources. 

b. Establishment of natural products libraries. 

c. Synthesis of active compounds by using other modern techniques like 

genetic manipulation, natural combinatorial chemistry and cell or 

tissue culture. 

d. Application of advanced concepts of dereplication, chemical 

fingerprinting, and metabolomics.  

1.6.1. Extraction  

Extraction involves the separation of medicinally active portions of plant or animal 

tissues from the inactive or inert components by using selective solvents in standard 

extraction procedures. The extract thus obtained may be fractionated to isolate 

individual chemical entities. General methods of extraction include; Maceration, 

infusion, digestion, decoction, percolation, hot continuous extraction (Soxhlet), 
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aqueous alcoholic extraction by fermentation, counter-current extraction, ultrasound 

extraction and supercritical fluid extraction. 

1.6.1.1. Selection of extraction method 

Selection of extraction method depends upon nature of plant material, active 

constituents and  various other factors. The method most commonly used and also 

employed in this study is maceration . 

1.6.1.2. Maceration 

Whole or coarsely powdered plant material is kept in contact with the solvent in a 

closed container for a defined period with frequent agitation until soluble matter is 

dissolved. The mixture is strained, the marc is pressed and the liquid is filtered. The 

filtrate then may be subjected to evaporation to get crude extract.  

1.6.2. Fractionation, isolation and purification 

Fractionation is the process of separation of extracted components on the basis of 

differences in their physicochemical properties. The most common methods of 

fractionation are solvent-solvent extraction and chromatographic techniques. 

1.6.2.1. Solvent-solvent extraction 

Crude extracts are not suitable for sophisticated chromatographic techniques because 

of the wide range of the polarities of the compounds in the crude extract. It is 

therefore preferable to fractionate crude extract into various portions, each having the 

compounds of roughly similar polarities. It is a process of extraction of a substance 

from one liquid phase into another liquid phase. After obtaining the crude extract 

solvent-solvent extraction is almost always the next step. Solvent-solvent extraction is 

a method to separate compounds based on their relative solubility in two immiscible 

solvents. Most commonly used solvents in solvent-solvent extraction are water and an 

immiscible organic solvent like n-hexane, ethyl acetate, chloroform etc. 

1.6.2.2. Chromatography 

Chromatography is a technique, which is employed to physically separate a 

component from a mixture. Separation of components in fact involves their 

distribution between two phases called stationary and mobile phase.  
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Stationary phase is the substance which provides support and does not move, while 

flowing system is normally called mobile phase (Tswett, 1906). The stationary phase 

first described by Tswett in 1906, has taken many forms over the years, including 

paper (Consden et al., 1944), thin layer of solids attached to glass plates (Stahl, 1956), 

immobilized liquids (Martin and Synge, 1941), gels (Porath and Flodin, 1959), and 

solid particles packed in column (Majors, 1972). The flowing component of system, 

or mobile phase, is either liquid or a gas. Concurrent with development of different 

adsorbent material has been development of methods more specific to particular 

classes of analytes (Porath and Flodin, 1959; Taylor and Urey, 1938; Small et al., 

1975; Axen et al., 1967). However, the trend in the development of chromatography 

has been towards faster, more efficient systems (Takeuchi and Ishii, 1981). 

Chromatographic techniques have a wide range of applications, especially in the area 

of pharmaceuticals and drug discovery.  Different forms of chromatography employed 

in this research are:- 

1.6.2.3. Solid phase extraction (SPE) 

This technique can be used as an alternate to the solvent-solvent extraction. Extracts 

that are very hard to process through solvent-solvent extraction due to the formation 

of a heavy emulsion layer at the interface, can be fractionated using solid phase 

extraction. In this method, sample is dissolved in an appropriate solvent and adsorbed 

on the silica gel. It is then dried and loaded to a column. Then this can be extracted 

with different organic solvents in the order of increasing polarity and thus the 

fractions containing the compounds of different polarities can be grouped together for 

further processing. 

1.6.2.4. Liquid column chromatography (LC) 

In this chromatographic technique, stationary phase is packed in a column of varying 

diameter depending on the requirement. The most commonly used stationary phases 

are silica gel, aluminum oxide, octadecylsilane (ODS), polyamide etc. On the basis of 

polarity of stationary phase and mobile phase, the column chromatography can be 

classified in to:- 

a) Normal phase liquid column chromatography(CC) 

In this type, stationary phase is more polar (e.g. silica gel) than mobile phase (e.g. n-

Hexane, Acetone, Chloroform, ethyl acetate, Methanol etc.). In gradient CC, the 
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mobile phase is employed in increasing order of polarity that is starting from least 

polar and ending with most polar mobile phase.  

b) Reverse phase liquid column chromatography (RP-CC) 

In this type, stationary phase is less polar (e.g octadecylsilane, octylsilane) and mobile 

phase is more polar (e.g methanol, acetonitrile, water etc.). In gradients RP-CC, the 

mobile phase is also employed in reverse order of polarity that is starting from most 

polar and ending with least polar mobile phase. 

On the basis of pressure employed to pass mobile phase through stationary phase and 

efficiency of stationary phase, column chromatography can be further explained as:- 

i) Flash column chromatography (FCC/LPLC) 

In this method, to improve the flow of the mobile phase through fine stationary phase 

(particle size 230-400 mesh) pressure is employed on the top mobile phase. Usually 

the pressure doesn’t exceed 1 bar. By the use of pressure, the flow rate of the mobile 

phase is increased and the end up time of column is reduced (Still et al., 1978). Some 

time it is also called as low pressure column chromatography (LPLC). 

ii) Medium pressure liquid chromatography (MPLC) 

This is more advanced form of flash column chromatography (Still et al., 1978). To 

make the resolution better, very fine particle size (5-40 µm) of stationary phase is 

used and this causes high back pressure and flow rate of mobile phase is reduced 

tremendously. To overcome this problem, MPLC is used. Here specialized glass 

columns are used which can bear up to 25 bar pressure. Then mobile phase is forced, 

by using a pump, through the stationary phase to make the flow rate steady. More 

advanced forms of MPLC are also attached with detectors as well. Depending on the 

size of column, in preparative MPLC very large amount (up to 100 g) of sample can 

be employed. 

iii) High performance liquid chromatography (HPLC) 

HPLC is highly improved form of column chromatography. Here specialized columns 

of stainless steel, packed with very fine and high quality stationary phases are used 

and operating pressure up to 400 bar can be employed. It is also attached with the 

detectors and the separation can be monitored online. High operating pressure and 
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online detection system has made HPLC very fast, productive and powerful analytical 

tool.  

c) Gel filtration (GF) or size exclusion chromatography (SEC) 

Size exclusion chromatography is based on the principle of the physical separation of 

the molecules on the basis of size and shape. It is known as gel filtration/permeation 

chromatography.  In this type of chromatography there is no interaction between the 

stationary phase and solute/sample molecules. The mobile phase passes through gel 

which has specific pore size and separates the molecules according to its size in the 

same fasion as a sieve can separates the partials of the powdered solid (Porath and 

Flodin, 1959). The pore size is usually very small and larger solute molecules can’t 

enter in these pores, but the smaller molecules can enter. This results in the delayed or 

slow movement of the smaller particles. The larger particles are excluded to enter the 

gel pores and they travel fast and are eluted first. Most commonly used stationary 

phase for this type of chromatography is Sephadex. Sephadex, for gel filtration 

chromatography, is a cross-linked dextran which has specific pore size and different 

bead volume in different solvents. 

1.6.2.5. Thin layer chromatography (TLC) 

TLC is an analytical as well preparative technique. It is performed on a sheet of 

plastic, glass or aluminum foil, which is coated with a thin layer of adsorbent called 

stationary phase (Stahl, 1956). Usually silica gel, aluminum oxide, ODS, polyamide 

or cellulose is used as stationary phase. On the basis of polarity of the stationary phase 

and mobile phase, it is also classified into normal phase TLC and reverse phase TLC 

(RP-TLC). After the sample has been applied on the plate, it is allowed to develop in 

the TLC chamber by using mobile phase, which is drawn up the plate by capillary 

action.  The components of the mixture are separated due to their different ascending 

rates (Rf value). 

1.7. Techniques for structure elucidation of pure compounds 

1.7.1. Nuclear magnetic resonance (NMR) spectroscopy  

Over the last eighty years (NMR) spectroscopy has become the most excellent 

technique for determining the structure of organic compounds (Rabi et al., 1938). For 

all the spectroscopic methods involved in the structure elucidation, it is the only one 
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powerful non-selective analytical tool that enables to ascertain molecular structure 

including relative configuration, relative and absolute concentrations, and even inter 

molecular interactions without the destruction of analyte. The technique basically 

exploits the magnetic properties of certain atomic nuclei to determine physical and 

chemical environment of the atoms or molecules in which they are enclosed. It is 

based on the phenomenon of NMR and can provide thorough information about the 

structure, dynamics, reaction states, and chemical environment of molecules. The role 

of NMR spectroscopy in the natural science research has been widespread and can be 

applied to a large variety of samples in solution and solid state. 

This can range from small compound analyzed with 1D-NMR (1H-NMR, 13C-NMR) 

to large protein or nucleic acid using 2, 3 or 4 dimensional techniques. 

1.7.1.1. One dimensional NMR (1D-NMR) 

a. Proton (1H) NMR 

The measurement of 1H NMR is a fundamental analysis for the structure elucidation. 

From the 1H NMR following information about the sample can be gained. 

 The number of hydrogen atom, which is indicated by the peak 

integration. 

 The type of hydrogen atoms related to the functional group, which is 

indicated by chemical shifts.  

 Type of correlation between one hydrogen atoms to the other, which is 

indicated by coupling constant (J). 

 The number of coupled neighboring hydrogen atoms, which is 

indicated by splitting pattern in a molecule. 

Simple NMR spectra are recorded in solutions and solvent protons must not be 

allowed to interfere. For the purpose, deuterated solvents especially for use in NMR 

are preferred. Deuterated solvents allow the use of deuterium frequency-field lock to 

offset the drift of the natural drift of the NMR magnetic field B0. In order to provide 

deuterium lock, the NMR constantly monitors the deuterium signal resonance 

frequency from the solvent and makes changes to B0 to keep the resonance frequency 

constant. Additionally, the deuterium signal may used to accurately define 0 ppm as 

the resonance frequency of the lock solvent and difference between the lock solvent 

and 0 ppm (tetramethylsilane, TMS) are well known (Silverstein et al., 1991). 
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Occasionally 1H NMR spectrum is enough to describe the structure of a compound, 

especially the known compound. The basic advantage to record the 1H NMR is that it 

requires very small amount of purified sample. Occasionally 1 mg of the purified 

sample is enough to record the 1H NMR spectrum. 

b. Carbon (13C) NMR 

In contrast to 1H NMR, 13C NMR measurement needs more amount of sample. This is 

due to the fact that the ratio of 13C to 12C isotopes abundance in the nature is less than 

the ratio of 1H to 2H isotopes. From the 13C NMR spectrum following information 

about the sample can be gained. 

 The number of carbon atoms in the molecule. 

 Types of carbon atoms related to the functional groups, which are 

indicated by the chemical shift in the molecule. 

In 13C NMR spectrum, the peak integration does not directly represent the exact 

number of particular carbon atoms. Furthermore this experiment does not give 

information of carbon multiplicity. 

1.7.1.2. Two dimensional NMR (2D-NMR) 

Two dimensional NMR spectra provide more information about molecule than one 

dimensional NMR spectra (Martin and Zekter, 1988). This experiment is applied 

specially to molecule which is too complicated to be elucidated by one dimensional 

NMR. 

In two dimensional NMR, the signal is recorded as a function of one time variable and 

thus the spectrum is plots of intensity vs frequency. Mean while two dimensional 

NMR is recorded as a function of two time variables (T1 and T2), thus the intensity is 

plotted as a function of two frequencies (F1 and F2). The F1 and F2 coordinates the 

peaks correspond to those found in a normal one dimensional spectrum. In one 

dimensional NMR the coupling are expressed as the multiplicity in the spectrum. 

However, in two dimensional spectrum the idea of multiplicity is expanded somewhat 

so that the multiplicity is expressed as a correlation of the two frequencies F1 and F2. 

HSQC, HMBC, NOESY and COSY are most useful 2D-NMR experiments.  

a. Heteronuclear single quantum coherence (HSQC) 

HSQC-NMR technique is used to correlate the chemical shift of the protons in a 

sample to a heteronuclcus such as 13C or 15N via the J coupling interaction between 

the nuclei (Bodenhausen and Ruben, 1980). 
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b. Heteronuclear multiple bond correlation (HMBC) 

HMBC-NMR was first reported by Summers (1986), in which 1H nuclei are 

correlated to remote 13C nuclei (two or three bonds away) in a 2D experiment via their 

long range heteronuclear J couplings (2JCH and 3JCH). 

HMBC experiments correlates 13C shifts in one dimension with the 1H shift in the 

other via two or three bonds CH coupling. The coupling more than three bonds are 

usually small except cross unsaturated bonds. The technique is valuable to detect 

quaternary carbon which is impossible to obtain in 13C NMR experiments due to low 

amount of material available. Sometimes a direct CH correlation is also observed in 

these experiments. 

c. Correlation spectroscopy (COSY) 

COSY-NMR correlates the 1H shifts of the coupling protons of a molecule (Keeler, 

2005). It means COSY experiments are used to determine the connectivity in a 

molecule by determining the protons which are coupled one to another. The proton 

shifts are plotted on both frequency axes in the two-dimensional experiments resulting 

a diagram with square symmetry. In COSY spectrum, the F1 and F2 coordinates of the 

peaks in two dimensional spectra also correspond to those found in normal one 

dimensional 1H NMR spectrum. Thus a COSY spectrum gives information about H-H 

connectivities geminal, vicinal and w-relationships of a molecule. The interpretation 

of COSY spectrum is limited by overlapping signals which are not separated by this 

experiment if the relevant protons are coupled to one another.  

d. Nuclear Overhauser effect spectroscopy (NOESY) 

In NOESY, the nuclear overhauser cross relaxation between nuclear spin during the 

mixing period is used to establish the correlation. The spectrum obtained is similar to 

the COSY with diagonal peaks and cross peaks, however the cross peaks connect 

resonances from nuclei that are spatially close rather than those that are through-bond 

coupled to each other. NOESY spectra also contain extra axial peaks which do not 

provide extra information and can be eliminated through a different experiment by 

reversing the phase of the first pulse (Keeler, 2005). 

1.8. Determination of molecular weight 

1.8.1. Mass spectrometery 

Mass spectrometer is an analytical instrument used to determine the molecular weight 

of a compound (Sparkman, 2000). Basically mass spectrometer is divided into three 

parts; ionization source, analyser and detector that should be maintained under high 
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vacuum conditions in order to maintain the ions travel through the instrument without 

any hindrance from air molecules. Once a sample is injected into ionization source, 

the molecules are then ionized. These ions are then passed and extracted into the 

analyser. In the analyser the ions are separated according to their mass to charge ratio 

(m/z). Once the separated ions flow into the detector, the signals are then transmitted 

to the data system where the mass spectrum is recorded. 

By using all the above technique and schemes, this study will be completed and major 
aims and objective of the study are given next.  

1.9. Aims and objectives  

The aims and objectives of the present study were: 

1. To select the medicinally-important plants from different areas of Pakistan by 

consulting the local traditional healers. 

2.  Evaluation of biological activities to find their cancer chemopreventive and 

cytotoxic potential. 

3. To pursue with bioactivity guided isolation to get the purified compounds 

from the most potent plant and their characterization by using modern 

structure elucidation techniques.  

4. Comparative analysis of the biological activities of purified compounds. 
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2.1. Introduction  

Terrestrial plants have participated as dominant curative agent in the treatment of 

human diseases for thousands of years and drug discovery efforts have been extended 

to include natural products as the single most productive source of leads for the 

development of medicines (Harvey, 2008). Many compounds derived from fruits, 

vegetables, medicinal plant extracts and herbs have been concerned in cancer 

prevention, and these help in sustaining human health without identifiable side effects 

(Kinghorn et al., 2004).  

Cancer is the second major cause of death worldwide (ACS, cnacer facts & figures., 

2010). Now a day, cancer chemoprevention is considered an important tool to stop 

brutality of cancer.  To understand the cancer chemoprevention, it is important to be 

aware of the stages of carcinogenesis. The three stages are initiation, promotion and 

progression. Initiation, which involves an alteration in the genetic structure of a cell, 

may be because of carcinogens or damage to a DNA repair system. During 

promotion, the mutated cell is stimulated to grow and divide faster, where it becomes 

a population of cells. These cells can progress to expand further as tumor cells, 

eventually outnumbering their normal cell counterparts (Reddy et al., 2003). Broadly 

speaking, any substance that can prevent, block or reverse these stages can be a 

potential candidate for cancer chemoprevention (Kinghorn et al., 2004).  

In the present study six medicinally-important plants collected from different areas of 

Pakistan were investigated for biological activities to explore their potential as cancer 

chemopreventive and cytotoxic agents. The crude methanol extracts (CME) from all 

six plants, and their fractions, prepared by solvent-solvent extraction, solid phase 

extraction and flash column chromatography, were tested  in the following bioassays: 

inhibition of TNF-α activated nuclear factor kappa-B (NFĸB), aromatase inhibition, 

inhibition of lipopolysaccharide (LPS)-activated nitric oxide (NO) production in 

macrophage cells (iNOp assay), interaction with retinoid X receptor(RXR),  induction 

of quinone reductase 1 (QR1), and inhibition of MCF-7(ATCC number HTB-22), 

LU-1(human lung carcinoma cells established from department of Surgical Oncology 

University of Illinois, College of Medicine at Chicago), and MDA-MB-231 (ATCC 

number HTB-26) cell proliferation.  
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2.2. Materials and methods 

2.2.1. Plant collection 

For this study, six plant species were selected to evaluate their cancer 

chemoprevention and cytotoxic potential. Selection of these plants was based on the 

use of these species or genus in the folk medicine.  Acer oblongifolium  Hort. ex 

Dippel (AO), Euphorbia wallichii Hook F. (EW), and Bergenia ciliata (Haw.) Sternb 

(BC) were collected from Nathia Gali, Khyber Pakhtonkhwa in July 2008. Aster 

thomsonii C. B. Clarke (AT) was collected from Shogran, District Mansahra, Khyber 

Pakhtonkhwa in July 2009. Withania coagulans (Stocks) Dunal (WC) was collected 

from Karapa (Banda Daood Shah) District Karak, Khyber Pakhtonkhwa in August 

2009. Opuntia dillenii was collected from Quaid-i-Azam University Islamabad, in 

October 2009.  These plants were identified by taxonomist Prof. Dr Rizwana A. 

Qureshi, Department of Plant Sciences, Quaid-i-Azam University, Islamabad. A 

voucher specimen of each plant (numbering HMP-450 to 455 respectively) was also 

deposited in the “Herbarium of medicinal plants of Pakistan”, Quaid-i-Azam 

University, Islamabad, Pakistan. 

2.2.2. Extraction and fractionation 

Plant material was collected, sorted out for any foreign material, diseased or 

deteriorated parts and rinsed with tap water. Then it was shade dried with continuous 

agitation every 6 hourly and then crushed in a laboratory grinder. A total of 59 

samples (extracts and fractions) were prepared from these six plants. All information 

regarding the taxonomic data of plants, plant part, extract name, method name and 

solvent used are summarized in Table 1. Further details are given below;  

2.2.2.1. Maceration 

Coarsely powdered dried plant material was soaked in methanol for three days and 

shaken 5 times daily. Methanol volume was used in the ratio of 4 ml for 1 g of dry 

powdered plant material. After three days methanol was squeezed out and filtered. 

This filtrate was then dried under reduced pressure at 45°C in rotary evaporator 

(Buchi, Switzerland) and finally in fume hood. This semisolid material is called crude 

methanolic extract (CME). CME was stored at -20°C for further processing. 
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2.2.2.2. Solvent-solvent extraction (Sol-Sol Ext) 

CME was suspended in hot distilled water in the ratio of 1 g extract in 3ml water. The 

water suspension of CMC was then extracted three times with the same amount of 

water immiscible organic solvent (scheme is given in the Table 1 against each plant) 

using a separating funnel. Each time the volume of the organic solvent used was the 

same as that of the water layer. The organic layer was dried in the rotary evaporator, 

and the remaining aqueous layer was again extracted with the other organic solvent in 

the same order as given in Table 1. 

2.2.2.3. Flash column chromatography (FCC) 

CME (10 g) was dissolved in sufficient volume of methanol to get a clear solution and 

was adsorbed on 10 g of the silica gel 60 (70-230 mesh, Merck, Germany) and dried 

in a fume hood. Then a glass column was loaded with 100g of the same silica gel and 

the dried sample was loaded on the top. A protective layer of blank silica (2 cm) was 

also added after loading the sample. The column was run with the mobile phase as 

given in Table 1 against each fraction at the pressure of 2 bar. Volume of each 

fraction was 100 ml. 

2.2.2.4. Solid phase extraction (SP Ext) 

Extracts that could not be fractionated by solvent-solvent extraction due to the 

formation of a heavy emulsion layer at the interface were processed using solid phase 

extraction. In this method, CME was dissolved in methanol and adsorbed on the same 

amount of silica gel. It was dried in fume hood and loaded to a column. Then this was 

extracted with organic solvent in the same order as given in Table 2.1. 

2.2.3. Bioassays  

All the bioassays were carried out under the supervision of Dr. John M Pezzuto 

(Professor & Dean) and kind guidance of Dr. Tamara P Kondratyuk (Lab Manager & 

Assistant Specialist) at College of Pharmacy UHH, USA. 

2.2.3.1. Cancer chemopreventive assays 

a) Inhibition of TNF-α activated nuclear factor-kappa B (NFĸB) assay  

Chemicals, supplies and apparatus 

293/NFĸB-Luc HEK cells (Panomics catalog number RC0014), dulbecco’s modified 

eagles medium (DMEM, Gibco catalog number 12800-058), fetal bovine serum (FBS, 
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ATCC catalog number 30-2020), penicillin G sodium and streptomycine sulfate,  test 

samples (0.4 mg/ml in 10% DMSO), tumor necrosis factor-α (TNF-α, Calbiochem 

catalog number 654205), phosphate saline buffer (PBS), 1X reporter lysis buffer 

(Promega catalog number E3971), refrigerator -80°C, incubator 37°C, 20% 

trichloroacetic acid (TCA), 0.4% SRB (sulphorhodamine B) in 1% acetic acid , acetic 

acid, 10 mM Tris base pH 10, Nα-tosyl-L-phnylalanine chloromethyl ketone (TPCK). 

Sterile white walled 96 well plates, sterile transparent 96 well plates, Forma series II 

water jacketed CO2 incubator, LUMIstar galaxy luminometer (BMG Labtechnologies, 

Durham, NC), gyratory shaker, micro plate reader (Biotek). 

Procedure 

To measure the inhibitory potential of samples in TNF-α activated NFĸB assay, 

293/NFĸB-Luc HEK cells were used by adopting the procedure as described by 

Hoshino et al. (2010). Cells were grown in dulbecco’s modified eagles medium 

(DMEM) supplemented with 10% fetal bovine serum (FBS). Antibiotics, penicillin G 

sodium 100 IU/ml and streptomycin sulphate 100 µg/ml were also added in the 

medium. Cells were seeded into a sterile white walled 96 well plate at 20 x 103 cells 

per 200 µl per well. After 48 h of incubation at 37°C and 5% CO2, medium was 

replaced and test sample were added. The final concentration of the sample was 20 

µg/ml. TNF-α was added at a final concentration of 10 ng/ml. After 6 h of incubation 

cells were washed in PBS and 50 µl 1X reporter lysis buffer was added and cells were 

subjected to one freeze/thaw cycle (-80°C/37°C). Inhibition was measured in a 

luminometer using the Luciferase Assay System. Data were calculated as % 

inhibition. The samples which showed more than 70% inhibition at 20 μg/ml were 

tested at different concentrations to find IC50. To avoid false positive results due to 

cytotoxic effect of samples, cytotoxicity assay was run simultaneously. The procedure 

was the same as above except transparent 96 well plates were used instead of white-

walled 96 well plates and after 6 h incubation, cells were treated with 50 µl 20% 

trichloroacetic acid (TCA) and incubated at  4°C for 30 min. Then TCA was drained 

out and cells were washed with tap water 4 times. The plates were air dried over night 

and 100 µl 0.4% SRB in 1% acetic acid was added to each well for 30 min at room 

temperature. Wells were then washed 4 times with 1% acetic acid, and plates were  
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Table 2.1: Taxonomic data and extracts/fractions preparation scheme of selected plants for biological assays 

S.N. Plant name Family Extract Name Plant part Preparation 
 method 

Solvent/Mobile phase 

1 E. wallichii Euphorbiaceae EWR CME Root Maceration MeOH 

2 E. wallichii Euphorbiaceae EWR NHF Root Sol-Sol Ext n-Hexane 

3 E. wallichii Euphorbiaceae EWR NBF Root Sol-Sol Ext n-Butanol 

4 E. wallichii Euphorbiaceae EWR CHF Root Sol-Sol Ext Chloroform 

5 E. wallichii Euphorbiaceae EWR EAF Root Sol-Sol Ext EA 

6 E. wallichii Euphorbiaceae EWR AQF Root Sol-Sol Ext Water 

7 E. wallichii Euphorbiaceae EWA CME Aerial Maceration MeOH 

8 E. wallichii Euphorbiaceae EWA FCC-1 Aerial FCC DCM 

9 E. wallichii Euphorbiaceae EWA FCC-2 Aerial FCC DCM 

10 E. wallichii Euphorbiaceae EWA FCC-3 Aerial FCC DCM 

11 E. wallichii Euphorbiaceae EWA FCC-4 Aerial FCC DCM 

12 E. wallichii Euphorbiaceae EWA FCC-5 Aerial FCC EA 

13 E. wallichii Euphorbiaceae EWA FCC-6 Aerial FCC EA 

14 E. wallichii Euphorbiaceae EWA FCC-7 Aerial FCC EA 

15 E. wallichii Euphorbiaceae EWA FCC-8 Aerial FCC MeOH 

16 E. wallichii Euphorbiaceae EWA FCC-9 Aerial FCC MeOH 
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S.N. Plant name Family Extract Name Plant part Preparation 
method

Solvent/Mobile phase 

17 E. wallichii Euphorbiaceae EWA FCC-10 Aerial FCC MeOH:Water :: 1:1 

18 E. wallichii Euphorbiaceae EWA FCC-11 Aerial FCC Water 

19 B. ciliata Saxifragaceae BCR CME Rhizome Maceration MeOH 

20 B. ciliata Saxifragaceae BCR NBF Rhizome Sol-Sol Ext n-Butanol 

21 B. ciliata Saxifragaceae BCR EAF Rhizome Sol-Sol Ext EA 

22 B. ciliata Saxifragaceae BCR AQFsp Rhizome Sol-Sol Ext Water 

23 B. ciliata Saxifragaceae BCR AQFppt Rhizome Sol-Sol Ext Water 

24 A. oblongifolium Aceraceae AOA CME Aerial Maceration MeOH 

25 A. oblongifolium Aceraceae AOA DCM Aerial SP Ext DCM 

26 A. oblongifolium Aceraceae AOA MeOH Aerial SP Ext MeOH 

27 A. oblongifolium Aceraceae AOA FCC- 1 Aerial FCC MeOH:DCM :: 1:1 

28 A. oblongifolium Aceraceae AOA FCC- 2 Aerial FCC MeOH:DCM :: 4:1 

29 A. oblongifolium Aceraceae AOA FCC- 3 Aerial FCC MeOH:DCM :: 4:1 

30 A. oblongifolium Aceraceae AOA FCC- 4 Aerial FCC MeOH:DCM :: 4:1 

31 A. oblongifolium Aceraceae AOA FCC- 5 Aerial FCC MeOH 

32 A. oblongifolium Aceraceae AOA FCC- 6 Aerial FCC MeOH 

33 A. oblongifolium Aceraceae AOA FCC- 7 Aerial FCC MeOH:water::4:1 

34 A. thomsonii Asteraceae ATA CME Aerial Maceration MeOH 

35 A. thomsonii Asteraceae ATA NHF Aerial Sol-Sol Ext n-Hexane 
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S.N. Plant name Family Extract Name Plant part Preparation 
method

Solvent/Mobile phase 

36 A. thomsonii Asteraceae ATA AQF Aerial Sol-Sol Ext Water 

37 O. dillenii Cactaceae OD CME Fruit Maceration MeOH 

38 O. dillenii Cactaceae OD FCC- 1 Fruit FCC EA : MeOH :: 1:1 

39 O. dillenii Cactaceae OD FCC- 2 Fruit FCC EA : MeOH :: 1:1 

40 O. dillenii Cactaceae OD FCC- 3 Fruit FCC EA : MeOH :: 1:1 

41 O. dillenii Cactaceae OD FCC- 4 Fruit FCC MeOH 

42 O. dillenii Cactaceae OD FCC- 5 Fruit FCC MeOH 

43 O. dillenii Cactaceae OD FCC- 6 Fruit FCC MeOH:Water :: 1:1 

44 O. dillenii Cactaceae OD FCC- 7 Fruit FCC MeOH:Water :: 1:1 

45 O. dillenii Cactaceae OD FCC- 8 Fruit FCC Water 

46 O. dillenii Cactaceae OD FCC- 9 Fruit FCC Water 

47 W. coagulans Solanaceae WCA CME Aerial Maceration MeOH 

48 W. coagulans Solanaceae WCF CME Fruit Maceration MeOH 

49 W. coagulans Solanaceae WCA&F CME Aerial with fruit Maceration MeOH 

50 W. coagulans Solanaceae WCA&F FCC- 1 Aerial with fruit FCC EA 

51 W. coagulans Solanaceae WCA&F FCC- 2 Aerial with fruit FCC EA 

52 W. coagulans Solanaceae WCA&F FCC- 3 Aerial with fruit FCC EA 

53 W. coagulans Solanaceae WCA&F FCC- 4 Aerial with fruit FCC EA : MeOH :: 1:1 

54 W. coagulans Solanaceae WCA&F FCC- 5 Aerial with fruit FCC EA : MeOH :: 1:1 
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S.N. Plant name Family Extract Name Plant part Preparation 
method

Solvent/Mobile phase 

55 W. coagulans Solanaceae WCA&F FCC- 6 Aerial with fruit FCC MeOH 

56 W. coagulans Solanaceae WCA&F FCC- 7 Aerial with fruit FCC MeOH 

57 W. coagulans Solanaceae WCA&F  FCC- 8 Aerial with fruit FCC MeOH : Water :: 1:1 

58 W. coagulans Solanaceae WCA&F FCC- 9 Aerial with fruit FCC MeOH : Water :: 1:1 

59 W. coagulans Solanaceae WCA&F FCC- 10 Aerial with fruit FCC Water 

 

DCM = Dichloromethane MeOH = Methanol EA = Ethyl acetate FCC = Flash column chromatography  

Sol-Sol Ext = Solvent-solvent extraction SP Ext = Solid phase extraction 
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again air dried overnight. To each well, 200 µl 10 mM Tris base pH 10 was added and 

mixed for 10 min on gyratory shaker to solubilize the bound SRB. Optical density 

was measured by using micro plate reader (Bio-tek) at 515 nm and % survival was  

determined. Nα-tosyl-L-phenylalanine chloromethyl ketone (TPCK) was used as 

positive control (IC50 5.05 µM). The samples which showed more than 70% inhibition 

at 20 μg/ml were tested at three fold serial dilution to find IC50. Nα-tosyl-L-

phenylalanine chlloromethyl ketone (TPCK) was used as a positive control (IC50= 

5.09µM) 

b) Aromatase inhibition assay 

Chemicals, supplies and apparatus 

Nicotinamide adenine diphosphate (NADP+), glucose-6-phosphate dehydrogenase, 

glucose-6-phosphate, magnesium chloride (MgCl2), albumin, potassium phosphate, 

aromatase enzyme (CYP19, BD Biosciences, San Jose, CA), dibenzylfluorescein, 

sodium dydroxide (NaOH), Naringenin. 

384 well black micro titer plate, incubator, gyratoty shaker, synergy II fluorescent 

plate reader 

Procedure 

Aromatase inhibition assay is an enzymatic assay which is based on measuring the 

fluorescent intensity of the hydrolytic product (fluorescein) of dibenzylfluorescein by 

aromatase. Aromatase inhibition assay was carried out by using a black 384 well plate 

as described by Maiti et al. (2007). In brief, the test sample (3.5 μl) was preincubated 

with 30 μl of NADPH regenerating system (2.6 mM NADP+, 0.8 U/ml glucose-6-

phosphate dehydrogenase, 7.6 mM glucose-6-phosphate, 13.9 mM magnesium 

chloride (MgCl2), and 1 mg/ ml albumin in 50 mM potassium phosphate, pH 7.4) for 

10 min at 37°C. Then 33 μl of the enzyme and substrate mixture [80 μl/ml aromatase 

enzyme, 0.4 μM dibenzylfluorescein, and 4 mg/ml albumin in 50 mM potassium 

phosphate, pH 7.4] was added. The reaction mixture was incubated for 30 min at 

37°C to allow aromatase to generate the product and then reaction was terminated by 

the addition of  25 μl of 2 N NaOH. It was then kept on shaker for 5 min followed by 

incubation for 2 h at 37°C.  Fluorescence was measured at 485 nm (excitation) and 

530 nm (emission) by using synergy II fluorescent plate reader with Gen5 software. 
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The samples which showed more than 70% inhibition at 20 μg/ml were tested further 

to find IC50. IC50 values and dose-response curves were based on two independent 

experiments performed in duplicate using five concentrations of test substance.  

Naringenin (IC50 = 0.23 µM) was used as a positive control. 

c) Inhibition of nitric oxide (NO) production in lipopolysaccharide (LPS)-

activated murine macrophage RAW 264.7 cells (iNOp) assay 

Chemicals, supplies and apparatus 

Murine macrophage RAW 264.7 cells, dulbecco’s modified eagles medium (DMEM, 

Gibco catalog number 12800-058), fetal bovine serum (FBS, ATCC catalog number 

30-2020), penicillin G sodium, streptomycine sulfate, amphotericin B,  test samples 

(0.4 mg/ml in 10% DMSO), lipopolysaccharide, Griess reagent, 10% trichloroacetic 

acid (TCA), 0.4% sulforhodamine B (SRB) in 1% acetic acid, acetic acid, 10mM Tris 

base pH 10. 

Sterile transparent 96 well plates, forma series II water jacketed CO2 incubator, 

gyratory shaker, micro plate reader (Biotek). 

Procedure  

The inhibitory effect of samples on nitric oxide (NO) production was evaluated by 

using iNOp assay using the method described by Cheenparacha et al., (2010). Briefly 

cells were plated with 200 µl of 50x104 cell per ml per well in DMEM supplemented 

with 10% FBS, 100 IU/ml penicillin G sodium, 100 µg/ml streptomycin sulphate and  

0.25 µg/ml amphotericin B. After 24 h of incubation in humidified atmosphere at 

37°C and 5% CO2, the medium was replaced with 190 µl of 1% FBS containing 

phenol red free DMEM and cells were treated with 10 µl of test samples in 10% 

DMSO for 15 min followed by 1 µg/ml of LPS treatment and incubation in 

humidified atmosphere at 37°C and 5% CO2 for 24 h. Then 100 µl of the incubated 

media were transferred to a 96-well plates and reacted with Griess reagent [90 µl of 

1% sulfanilamide and 90 µl of N-(1-naphthyl) ethylenediamine in 2.5% H3PO4 ] and 

the absorbance was measured  at 540 nm. To avoid false positive results due to 

cytotoxic effect of samples, cytotoxicity was determined simultaneously by using 

Sulforhodamine B (SRB) assay. The procedure was the same as above, after 24 hr 

incubation, cells were treated with 50 µl of 20% trichloroacetic acid (TCA) and 

incubated at  4°C for 30 min. Then TCA was drained out and cells were washed with 
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tap water 4 times. The plates were air dried over night and 100 µl 0.4% SRB in 1% 

acetic acid was added to each well for 30 min at room temperature. Wells were then 

washed 4 times with 1% acetic acid, and plates were again air dried overnight. To 

each well, 200 µl 10 mM Tris base pH 10 was added and mixed for 10 min on 

gyratory shaker to solubilize the bound SRB. Optical density was measured by using 

micro plate reader (Bio-tek) at 515 nm and % survival was determined. The samples 

which showed more than 70% inhibition at 20 μg/ml were tested at three fold serial 

dilution to find IC50. Na-L monomethyl arginine (L-NMMA) was used as positive 

control (IC50 = 19.7µM). 

d) Retinoid X receptor responsive element (RXRE) - luciferase reporter gene 

assay 

Chemicals, supplies and apparatus 

COS-1 cells, dulbecco’s modified eagles medium (DMEM, Gibco catalog number 

12800-058), fetal bovine serum (FBS, ATCC catalog number 30-2020), penicillin G 

sodium, streptomycine sulphate,  amphotericin B, RXR responsive element encoding 

vector (pRXRE), human  RXRα protein expressing vector (phRXRα), Renilla 

reniformis luciferase vector (pRL-SV40), LipofctamineTM 2000 transfection reagent 

(Invitrogen), Dual-Luciferase® Reporter Assay System (Promega, Madison, WI),  test 

samples (0.4 mg/ml in 10% DMSO), 9-cis-retinoic acid. 

Sterile transparent 96 well plates, Forma series II water jacketed CO2 incubator, 

LUMIstar Galaxy Luminometer (BMG Labtechnologies, Durham, NC), gyratory 

shaker, micro plate reader (Biotek). 

Procedure 

COS-1 cells (1x104 cells per well per 200 µl) were seeded in 10% FBS containing 

DMEM in 96-well plates and incubated in humidified atmosphere at 37°C and 5% 

CO2 for 24 h. Then cells were transiently transfected with RXR responsive element 

encoding vector (pRXRE), human  RXRα protein expressing vector (phRXRα), and 

Renilla reniformis luciferase vector (pRL-SV40) by using LipofctamineTM 2000 

transfection reagent. After 24 h incubation, cells were treated with samples at final 

concentration of 20 µg/ml and further incubated for 24 h. Cells were lysed and the 

RXRE transcriptional activities were determined by measuring the reporter luciferase 

activities using Dual-Luciferase® Reporter Assay System (Promega, Madison, WI) 
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using LUMIstar Galaxy Luminometer. Results were presented as a relative value 

calculated by fold induction over control after normalizing ratios of firefly 

luciferase/Renilla luciferase (Schupp et al., 2009). In this assay, the cut-off was set at 

4-fold induction and 9-cis-retinoic acid was used as a positive control which showed 

13.1-fold induction at 100 nM.  

e) DPPH free radical scavenging assay 

Chemicals, supplies and apparatus 

Methanol, DMSO, 2,2-diphenyl-1-picrylhydrazyl, test samples, ascorbic acid. 

Transparent 96-well plates, micro plate reader (Biotek), incubator. 

Procedure 

The free radical scavenging activity of the samples was measured by using 2,2-

diphenyl-1-picrylhydrazyl (DPPH). This assay was performed according to the 

procedure described by Lee et al. (1998). DPPH solution (316 µM) was made in 

methanol. Test samples solution, 4.0 mg/ml in 100% DMSO, was prepared and 5 µl 

the test solution was added in respective well of 96-well plate. DPPH solution (95 µl) 

was added in each well and mix thoroughly to get the final test concentration of 200 

µg/ml. It was incubate at 37°C for 1 h. Absorbance was measured at 515 nm using 

micro plate reader. The samples which showed more than 70% scavenging at 200 

µg/ml concentration were tested at lower concentrations by using three fold serial 

dilutions methodology to find IC50. Pure DMSO was used as negative control and 

ascorbic acid was used as positive control. The test was performed in triplicate. 

Ascorbic acid (IC50 = 35.61 µM) was used as positive control. Percentage scavenging 

was measured according to following formula and IC50 value was calculated by table 

curve software. 

Scavenging effect (%) = [1-As/Ac] x100 

Where “Ac” means Absorbance of control and “As” means Absorbance of test 

sample.  

f) Quinone reductase 1 (QR1) induction assay 

Chemicals, supplies and apparatus 

Hepa 1c1c7 (murine hepatoma) cells, MEM-α (minimum essential medium) without 

ribonucleosides or deoxyribonucleosides,  fetal bovine serum (FBS, Gibco), penicillin 
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G sodium, streptomycine sulphate,  amphotericin B, digitonin, 3-(4,5-dimethylthiazo-

2-yl)-2,5- diphenyltetrazolium bromide, 4-Bromoflavone,  

Sterile transparent 96 well plates, Forma series II water jacketed CO2 incubator, 

gyratory shaker, micro plate reader (Biotek). 

Procedure 

Hepa 1c1c7 (murine hepatoma) cells were used in this assay. Cells were plated in 96 

well format with 200 µl of 0.5 x 104 cells per ml per well in MEM-α (minimum 

essential medium) without ribonucleosides or deoxyribonucleosides, supplemented 

with antibiotic/antimycotic and 10% FBS (Gibco). Cells were incubated for 24 h in a 

CO2 incubator. After 24 h, old medium was replaced with 190 µl of fresh medium and 

10 µl of test sample to have a final concentration of 20 µg/ml, and was incubated for 

48 hours, digitonin was used to permeabilize cell membranes, and enzyme activity 

was measured by the reduction of 3-(4,5-dimethylthiazo-2-yl)-2,5- 

diphenyltetrazolium bromide (MTT) to a blue formazan. Production was measured by 

absorption at 595 nm (Song et al., 1999). A total protein assay using crystal violet 

staining was run in parallel to test the cytotoxicity of the samples (Su et al., 2004). 4’-

Bromoflavone (CD = 0.01 µM) was used as a positive control. The samples which 

showed induction ratio >2 at 20 μg/ml were tested at three fold serial dilution to find 

CD. 

2.2.3.2. Cytotoxicity assay 

a) Sulforhodamine B (SRB) assay 

Chemicals, supplies and apparatus 

Hormone responsive breast cancer cell line MCF-7(ATCC number HTB-22), human 

lung carcinoma cells LU-1 (established from department of Surgical Oncology 

University of Illinois, College of Medicine at Chicago), estrogen receptor negative 

breast cancer cell line MDA-MB-231 (ATCC number HTB-26), DMSO, phosphate 

saline buffer, DMEM, FBS, penicillin G sodium, streptomycine sulfate, amphotericin 

B, 20% trichloroacetic acid (TCA), 0.4% sulforhodamine B (SRB) in 1% acetic acid, 

acetic acid, 10mM Tris base pH 10. 

Sterile transparent 96-well plates, Forma series II water jacketed CO2 incubator, 

gyratory shaker, micro plate reader (Biotek).  
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Procedure 

The cytotoxic potential of test samples towards MCF-7, LU-1 and MDA-MB-231 

cancer cells was determined by using an SRB colorimetric assay as described 

previously (You et al., 1995). All the cells lines were cultured in DMEM 

supplemented with 10% FBS, 100 IU/ml penicillin G sodium, 100 µg/ml 

streptomycine sulphate and 0.25 µg/ml amphotericin B in 96-well plates and 

incubated in humidified atmosphere at 37°C and 5% CO2 for 72 h to get 

approximately 60-70% confluence. Then old medium was replaced with fresh 

medium and again incubated for 24 h. These cells were trypsonised and diluted to get 

5x104 cells/ml.  Then 10 µl various concentrations of test samples in 10% DMSO in 

PBS were transferred to 96-well plates followed by addition of 190 µl of the cells and 

incubated for 72 h at 37°C in a CO2 incubator. The incubation was stopped with the 

addition of 50 µl cold 20% trichloroacetic acid. The cells were washed 4 times with 

tap water, air dried and stained with 0.4% SRB in 1% acetic acid for 30 min at room 

temperature. Wells were then washed 4 times with 1% acetic acid and the plates were 

dried overnight. Bound dye was solubilized with 200 µl 10mM Tris base, pH 10, for 

10 min on a gyratory shaker. Optical density was measured on a micro-plate reader 

(Bio-tek) at 515 nm and percent survival was determined. In each case, a zero-day 

control was performed by adding an equivalent number of cells to sixteen wells, 

incubating at 37°C for 30 min and processing as described above. Percent of cell 

survival was calculated using the formula: 

 (ODcells+tested samples  - ODday  0)/(ODcells+10%DMSO - ODday0) x 100. 

2.3. Results  

Six naturally growing medicinal plants from Pakistan were selected to investigate 

their cancer chemopreventive and cytotoxic potential. These plants include E. 

wallichii, W. coagulans, B. ciliate, A. oblongifolium, A. thomsonii and O. dillenii. 

Different plant parts were extracted separately by maceration in methanol and then 

crude methanol extract was further fractionated by using different methods including 

solvent-solvent extraction, flash column chromatography and solid phase extraction. 

These crude extracts and their fractions, 59 in total, were subjected to a battery of 

cancer chemopreventive and anticancer assays. These assays were selected to check a 

broad spectrum of activity. The assays chosen were: inhibition of TNF-α activated 
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nuclear factor-kappa B (NFĸB), aromatase inhibition, inhibition of nitric oxide (NO) 

production in lipopolysaccharide (LPS)-activated murine macrophage RAW 264.7 

cells, interaction with retinoid X receptor(RXR), induction of quinone reductase 1 

(QR1) and inhibition of MCF-7, LU-1, and MDA-MB-231 cell proliferation. Methods 

of extract preparation and methodology used are given in Table 2.1, and the results of 

the bioassays are described here: 

TNF-α is an activator of nuclear factor-kappa B (NFĸB), an inducible transcription 

factor that plays an important role in the regulation of apoptosis, cell differentiation 

and cell migration. Its activation may promote cell proliferation and further prevent 

programmed cell death through transcriptional activation of genes that suppress 

apoptosis (Baldwin, 2001; Ichikawa, et al., 2006; Karin, 2006). Because of an 

important regulator in cell fate decisions, such as programmed cell death and 

proliferation control, NFĸB is critical in tumorigenesis. Inhibition of NFĸB signaling 

has potential applications for the prevention or treatment of cancer (Aggarwal, et al., 

2004; Schupp et al., 2009). A total of 9 samples including crude extract and fractions 

of Withania coagulans showed more than 50 % inhibition in the NFĸB assay at 20 

µg/ml. Out of these nine, two fractions showed excellent inhibition (more than 90% at 

20 µg/ml) with IC50 values of 2.6 and 4.3 µg/ml respectively (Table 2.2), having 

≥70% cell survival at 20 µg/ml concentration and 100% survival at IC50. In this assay 

Nα-tosyl-L-phenylalanine chloromethyl ketone (TPCK) was used as a positive control 

(IC50= 5.09µM). These results indicate the chemopreventive potential of these 

samples, sparking our interest in further purification.  

Aromatase is a cytochrome P450 enzyme complex responsible for the conversion of 

androgens to estrogens (Jongen et al., 2005). Estrogens are involved in many 

physiological processes together with the growth and maintenance of the female 

sexual organs, the reproductive cycle, reproduction, and different neuroendocrine 

functions. These hormones also have critical roles in certain disease states, 

particularly in mammary and endometrial cancers (Brueggemeier et al., 2005; Maiti et 

al., 2007). Aromatase inhibitors can block the production of estrogen, which in turn 

can trim down the growth of estrogen receptor positive breast cancer cells. Aromatase 

inhibitors are already in clinical use for the treatment of breast cancer in 

postmenopausal women and animal studies have also demonstrated their potential as 

chemopreventive agents (Lubet et al., 1994, Gubson et al., 1995).  
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Table 2.2: Results of cancer chemopreventive assays, TNF-α activated NFĸB inhibition, aromatase inhibition and inhibition of NO production 

by the extracts/fractions prepared from the selected plants  

S. No. Sample Name* 
TNF-α activated NFĸB inhibition Aromatase inhibition Inhibition of NO production 

% inhibition 
at 20 µg/ml 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% inhibition 
at 20 µg/ml 

IC50 

(µg/ml) 
% inhibition 
at 20 µg/ml 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 

1 EWR CME 0.0 ± 0 81.6 ± 10.4 - 7.1 ±1.3 - 19.1 ±7.9 56.3 ±12.2 - 

2 EWR NHF 0.0 ± 0 73.9 ± 12.3 - 20.2 ±7.7 - 71.8 ±1.1 50.0 ±10.8 4.8 

3 EWR NBF 0.0 ± 0 87.3 ± 7.7 - 2.7 ±4.8 - 22.5 ±3.5 50.6 ±5.9 - 

4 EWR CHF 0.0 ± 0 67.7 ± 0.4 - 0.0 ±5.6 - 13.6 ±1.3 61.2 ±3.0 - 

5 EWR EAF 0.0 ± 0 78.4 ± 12.4 - 20.1 ±6.0 - 28.4 ±6.5 52.9 ±1.9 - 

6 EWR AQF 0.0 ± 0 93.4 ± 9.9 - 2.8 ±2.3 - 0.0 ±3.9 75.3 ±19.1 - 

7 EWA CME 0.0 ± 0 71.6 ± 19.4 - 16.0 ±4.9 - 61.8 ±2.1 73.2 ±7.3 - 

8 EWA FCC-1 0.0 ± 0 94.9 ±21.0 - 13.5 ±1.0 - 0.0 ± 0.0 76.0 ±8.1 - 

9 EWA FCC-2 0.0 ± 0 74.1 ±32.4 - 51.7 ±4.7 - 86.0 ±3.8 72.6 ±8.4 15.6 

10 EWA FCC-3 0.0 ± 0 74.6 ±22.6 - 73.4 ±2.1 17.7 95.6 ±1.3 49.3 ±4.5 11.5 

11 EWA FCC-4 0.0 ± 0 89.8 ±10.3 - 52.7 ±12.8 - 94.7 ±1.5 45.1 ±2.4 9.9 

12 EWA FCC-5 0.0 ± 0 93.7 ±4.9 - 36.1 ±12.9 - 83.2 ±2.5 47.6 ±3.4 9.2 

13 EWA FCC-6 0.0 ± 0 96.0 ±8.1 - 25.9 ±5.0 - 37.7 ±0.9 58.6 ±2.8 - 

14 EWA FCC-7 0.0 ± 0 84.3 ±10.1 - 26.4 ±1.2 - 23.8 ±6.6 65.0 ±5.3 - 

15 EWA FCC-8 22.4 ± 2.5 94.9 ±5.5 - 9.0 ±3.5 - 1.1 ±4.4 77.7 ±6.9 - 
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S. No. Sample Name* 
TNF-α activated NFĸB inhibition Aromatase inhibition Inhibition of NO production 

% inhibition 
at 20 µg/ml 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% inhibition 
at 20 µg/ml 

IC50 

(µg/ml) 
% inhibition 
at 20 µg/ml 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 

16 EWA FCC-9 0.0 ± 0 100.7 ±2.7 - 5.9 ±6.7 - 0.0 ±2.2 78.4 ±8.8 - 

17 EWA FCC-10 2.2 ± 1.2 99.6 ±15.3 - 4.4 ±4.0 - 0.0 ±0.5 79.5 ±7.2 - 

18 EWA FCC-11 6.9 ± 2.3 100.3 ±21.1 - 3.2 ±2.8 - 0.0 ± 2.6 76.3 ±9.8 - 

19 BCR CME 0.0 ± 0 89.6 ±17.3 - 25.7 ±2.4 - 0.0 ± 4.4 64.5 ±1.8 - 

20 BCR NBF 0.0 ± 0 97.2 ±15.2 - 28.5 ±0.5 - 0.0 ± 9.4 60.5 ±2.2 - 

21 BCR EAF 0.0 ± 0 90.4 ±17.3 - 26.6 ±1.4 - 16.8 ± 8.0 49.8 ±5.4 - 

22 BCR AQFsp 0.0 ± 0 98.9 ±1.5 - 7.5 ±8.6 - 0.0 ± 1.8 74.2 ±6.2 - 

23 BCR AQFppt 0.2 ± 0.2 99.9 ±8.9 - 11.5 ±5.7 - 0.0 ± 4.8 85.3 ±10.6 - 

24 AOA CME 20.9 ± 1.8 91.5 ±12.7 - 23.4 ±0.6 - 48.6 ± 2.5 62.3 ±8.2 9.8 

25 AOA DCM 35.9 ± 19.37 98.4 ±2.8 - 50.8 ±1.2 - 99.2 ± 0.7 61.3 ±15.5 - 

26 AOA MeOH 26.7 ± 8.7 98.4 ±7.7 - 27.1 ±2.4 - 40.2 ± 6.8 71.8 ±13.6 - 

27 AOA FCC- A 0.0 ± 0 106.5 ±13.4 - 32.9 ±4.8 - 41.1 ± 3.1 65.6 ±3.7 - 

28 AOA FCC- B 14.5 ± 3.2 104.7 ±9.1 - 22.3 ±1.4 - 0.0 ± 3.0 73.1 ±9.5 - 

29 AOA FCC- C 9.8 ± 1.2 91.3 ±3.3 - 18.7 ±6.0 - 0.0 ± 5.3 71.7 ±2.9 - 

30 AOA FCC- D 0.0 ± 0 96.6 ±0.4 - 11.5 ±1.4 - 0.0 ± 4.6 84.1 ±4.2 - 

31 AOA FCC- E 15.9 ± 3.2 88.5 ±2.5 - 7.2 ±5.1 - 0.0 ± 8.2 71.5 ±4.5 - 

32 AOA FCC- F 16.1 ± 2.1 93.4 ±1.7 - 6.3 ±0.2 - 0.0 ± 3.6 78.8 ±4.3 - 
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S. No. Sample Name* 
TNF-α activated NFĸB inhibition Aromatase inhibition Inhibition of NO production 

% inhibition 
at 20 µg/ml 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% inhibition 
at 20 µg/ml 

IC50 

(µg/ml) 
% inhibition 
at 20 µg/ml 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 

33 AOA FCC- G 0.6 ± 0.4 102.1 ±17.2 - 7.1 ±1.7 - 0.0 ± 6.0 90.2 ±7.9 - 

34 ATA CME 15.6 ± 4.3 98.0 ±7.2 - 20.8 ±3.0 - 25.3 ± 1.6 95.1 ±2.1 - 

35 ATA NHF 0.0 ± 0 101.8 ±8.8 - 56.6 ±1.0 - 98.0 ± 0.1 73.6 ±3.6 12.5 

36 ATA AQF 2.8 ± 3.2 93.8 ±6.7 - 16.7 ±2.7 - 0.0 ± 1.4 96.9 ±14.8 - 

37 OD CME 7.5 ± 4.2 98.5 ±1.7 - 12.5 ±5.3 - 0.0 ± 6.6 96.9 ±15.8 - 

38 OD FCC- 1 18.2 ± 1.2 104.5 ±3.2 - 11.9 ± 3.2 - 0.0 ± 4.2 93.3 ±8.0 - 

39 OD FCC- 2 0.0 ± 0 99.2 ±2.9 - 10.2 ±2.0 - 0.0 ± 3.8 92.5 ±4.6 - 

40 OD FCC- 3 0.0 ± 0 94.0 ±4.4 - 8.6 ±1.7 - 0.0 ± 5.4 89.0 ±1.3 - 

41 OD FCC- 4 0.0 ± 0 76.5 ±2.5 - 4.4 ±2.5 - 0.0 ± 10.0 75.3 ±6.0 - 

42 OD FCC- 5 0.8 ± 0.4 98.5 ±17.7 - 7.3 ±9.1 - 0.0 ± 4.8 80.3 ±5.5 - 

43 OD FCC- 6 6.9 ± 1.2 104.1 ±11.5 - 10.5 ±4.8 - 0.0 ± 7.1 90.8 ±4.2 - 

44 OD FCC- 7 3.0 ± 0.1 100.6 ±0.4 - 0.0 ±4.1 - 0.0 ± 9.6 88.1 ±3.6 - 

45 OD FCC- 8 8.1 ± 0.4 108.1 ±0.1 - 0.0 ±4.3 - 0.0 ± 13.3 91.9 ±6.3 - 

46 OD FCC- 9 9.5 ± 1.2 108.1 ±1.0 - 0.0 ±0.6 - 0.0 ± 7.6 89.0 ±6.8 - 

47 WCA CME 53.4 ± 4.2 101.4 ±6.9 - 31.2 ±7.1 - 100.1 ± 0.5 110.5 ±7.8 5.0 

48 WCF CME 49.1 ± 5.1 99.9 ±11.5 - 19.0 ±5.6 - 61.9 ± 1.7 126.4 ±15.0 - 

49 WCA&F CME 52.2 ± 11.52 90.6 ±0.9 - 20.5 ±0.4 - 89.3 ± 0.4 112.3 ±22.2 9.0 
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S. No. Sample Name* 
TNF-α activated NFĸB inhibition Aromatase inhibition Inhibition of NO production 

% inhibition 
at 20 µg/ml 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% inhibition 
at 20 µg/ml 

IC50 

(µg/ml) 
% inhibition 
at 20 µg/ml 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 

50 WCA&F FCC- 1 57.9 ± 14.80 75.5 ±7.3 - 100.0 ±1.0 17.0 100.0 ± 0.5 29.5 ±2.5 3.1 

51 WCA&F FCC- 2 95.5 ± 1.46 72.1 ±12.4 2.6 43.5 ±5.3 - 99.0 ± 1.2 24.0 ±7.0 1.3 

52 WCA&F FCC- 3 91.5 ± 4.18 93.4 ±10.0 4.3 30.3 ±6.6 - 98.6 ± 0.5 27.5 ±4.9 3.0 

53 WCA&F FCC- 4 60.3 ± 19.27 105.9 ±8.4 - 8.2 ±6.3 - 79.7 ± 0.3 112.3 ±6.7 11.7 

54 WCA&F FCC- 5 52.8 ± 3.2 95.8 ±1.2 - 10.2 ±1.1 - 55.2 ± 2.8 109.9 ±13.4 - 

55 WCA&F FCC- 6 54.1 ± 2.3 97.1 ±2.5 - 10.3 ±1.4 - 60.6 ± 2.7 124.2 ±11.8 - 

56 WCA&F FCC- 7 58.6 ± 25.92 91.8 ±0.3 - 11.8 ±3.6 - 61.5 ± 1.5 128.0 ±24.9 - 

57 WCA&F  FCC- 8 22.1 ± 2.2 97.3 ±10.6 - 13.1 ±0.9 - 15.1 ± 2.1 105.7 ±12.6 - 

58 WCA&F FCC- 9 27.7 ± 4.3 105.2 ±6.5 - 11.3 ±5.6 - 8.1 ± 1.4 104.1 ±3.1 - 

59 WCA&F FCC- 10 7.7 ± 1.2 94.3 ±3.1 - 11.0 ±1.1 - 0.0 ± 3.4 84.6 ±3.8 - 

All data showed above is mean of duplicate or triplicate test  ± = standard error   IC50 = concentration at 50% inhibition  

Cytotoxicity assay was also run in parallel to avoid false positive results and none of the sample was cytotoxic at IC50  

The samples which showed % inhibition ≥70 or were cytotoxic at concentration 20 µg/ml were tested for dose dependence to find IC50 

Nα-tosyl-L-phenylalanine chlloromethyl ketone (TPCK) was used as a positive control in TNF-α activated NFĸB inhibition assay (IC50= 5.09µM) 

Naringenin was used as positive control in aromatase inhibition assay (IC50= 0.23µM) 

Na-L monomethyl arginine (L-NMMA) was used as positive control in iNOp assay (IC50 = 19.7µM) 

*Sample’s taxonomic identification and method of preparation are given in Table 2.1 
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As shown in Table 2.2, a total of six samples showed aromatase inhibition greater 

than 50% at  20 µg/ml, including two fractions, one of E. wallichii and other of W. 

coagulans with 73.4% and 100% inhibition at 20 µg/ml with IC50 values of 17.7 and 

17.0  µg/ml, respectively (Table 2.2). Naringenin (IC50= 0.23µM) was used as 

positive control. 

Nitric oxide (NO), the molecular messenger, is synthesized endogenously from L-

arginine by three isoforms of the enzyme NO synthase. Inducible nitric oxide 

synthase (iNOS) is the isoform most consistently associated with tumor production 

(Nomelini et al., 2008). A consistent relationship between up-regulation of iNOS and 

cancers of the prostate, bladder, ovary, oral cavity, and esophagus has been observed. 

Moreover, up-regulation appears to occur during early tumor development in these 

organs, suggesting that use of iNOS inhibitors may be a possible chemopreventive 

strategy (Crowell et al., 2003, Nomelini et al., 2008). Animal studies also showed the 

role for iNOS in the promotion of colon carcinogenesis and chemopreventive effects 

of iNOS inhibitors have been shown in preclinical colon cancer models. Sharma et al. 

(2002) demonstrated the role of iNOS inhibitors as chemopreventive agents in a 

primary rat tracheal epithelial transformation system, predicting their use in lung 

cancer prevention in rodents. In the present study, inhibition of lipopolysaccharide 

(LPS)-activated nitric oxide (NO) production in murine macrophage RAW 264.7 cells 

as an indirect marker to iNOS inhibition is analyzed. A total of 18 samples showed 

NO inhibition greater than 50% at a concentration of 20 µg/ml (Table 2.2). The 

samples which showed ≥70% inhibition or cytotoxicity with cell survival ≤50% at 20 

µg/ml concentration were tested at lower doses to find IC50. Cytotoxic samples were 

tested at lower concentration because cytotoxicity at high concentration may give 

false positive results. WCA&F FCC 1, WCA&F FCC 2 and WCA&F FCC 3 were 

initially cytotoxic (≤50% cell survival) at 20 µg/ml but they showed most potent 

activity with the lowest IC50 values (3.1, 1.3 and 3.0 µg/ml respectively) with 100% 

cell survival at the IC50. A total of 13 samples displayed more than 70% inhibition at 

20 µg/ml including five fraction of E. wallichii (IC50 ranging from 4.8 to 15.6 µg/ml), 

one fraction of A. oblongifolium (IC50 9.8 µg/ml), one fraction of A. thomsonii (IC50 

12.5 µg/ml) and six fractions of W. coagulans (IC50 ranging from 1.3 to 11.7 µg/ml).  

Na-L monomethyl arginine (L-NMMA) was used as positive control in this assay 

(IC50 = 19.7µM). 
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Retinoids are derivatives of vitamin A that affect cellular proliferation, differentiation, 

and apoptosis in a retinoid-specific and cell-type specific manner (Zhang and Jetten, 

1997). Retinoids have shown efficacy as anticancer drugs that intervene in the 

carcinogenic process by regulating proliferation and differentiation at several stages 

(Wu et al., 2002). Retinoid receptors belong to the family of nuclear hormone 

receptor proteins. There are two major classes of retinoid nuclear receptors: retinoic 

acid receptors (RARs) and retinoid X receptors (RXRs). Each class contains three 

subtypes (α, β, γ). We utilized  a  cell  line-based  retinoid X receptor responsive 

element (RXRE)-luciferase reporter gene assay; highest induction was observed in 

AOA FCC- E which is 1.6 fold induction followed by EWA FCC-6 (1.5 fold 

induction), EWR NHF and EWR EAF (1.4 fold induction), EWA FCC-7, EWA FCC-

8, OD FCC- 4 and WCA&F  FCC- 8 (1.3 fold induction), AOA FCC- F and ATA 

CME (1.2 fold induction) and EWA FCC-1, EWA FCC-5 and OD CME (Table 2.3). 

Because these extract/fractions showed a very low induction (all are ≤ 1.6 fold 

induction) and the cut off value for the further processing was set at 4 folds induction, 

none of the extract/fraction was considered active. Whilst 9-cis-retinoic acid was used 

as positive control, which showed 13.1-fold induction at 100 nM.  

Complex series of cellular and molecular changes contributing in cancer development 

are intervened by a diversity of endogenous and exogenous stimuli. One type of 

endogenous damage is arising from reactive oxygen species (ROS), also called as 

oxygen free radicals (OFR), which is product of normal cellular metabolism. These 

OFR attacks not only nucleic acid bases but also deoxyribosyl backbone of DNA 

(Valko et al., 2004). Endogenous DNA lesions are genotoxic and induced mutations. 

The most comprehensively studied lesion is the formation of 8-hydroxy aduct radical 

of guanine and its subsequent products (Valko et al., 2004). 

This lesion is imperative because it is comparatively easily formed and is mutagenic 

and therefore is a potential biomarker for carcinogenesis. Mutation by this lesion 

involves GC→TA transversion. Therefore OFR are considered as an important class 

of carcinogens (Valko et al., 2004). Non enzymatic and enzymatic antioxidants play 

their role to balance the affect of OFR. Antioxidants can either directly scavenge or 

prevent generation of OFR/ROS. Recent research has its goal to discover novel 

antioxidants to combat and/or prevent OFR/ROS mediated diseases.  For the 
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Table 2.3: Results of cancer chemopreventive assays, RXRE-luciferase, DPPH free radical scavenging, quinone reductase 1 induction by the 

extracts/fractions prepared from the selected plants 

S. No. Sample Name* 
RXRE -luciferase assay DPPH free radical scavanging assay QR1 induction assay 

Fold induction 
at 20 µg/ml 

% scavanging 
at 200 µg/ml 

IC50 

(µg/ml) 
IR 

at 20 µg/ml 
% survival 
at 20 µg/ml 

CD 

(µg/ml) 

1 EWR CME 0.9 ± 0.3 91.5 ± 1.0 28.8 1.0 ±0.1 71.1 ± 0.8 - 

2 EWR NHF 1.4 ± 0.7 21.6 ± 0.5 - 1.3 ±0.1 77.2 ± 2.4 - 

3 EWR NBF 1.0 ± 0.2 91.5 ± 0.4 23.8 1.2 ±0.2 65.8 ± 5.5 - 

4 EWR CHF 0.8 ± 0.2 90.8 ± 0.7 78.4 1.2 ±0.2 72.1 ± 10.0 - 

5 EWR EAF 1.4 ± 0.8 91.1 ± 0.3 12.4 0.8 ±0.2 59.1 ± 15.8 - 

6 EWR AQF 0.6 ± 0.1 91.1 ± 1.2 38.6 1.0 ±0.1 58.7 ± 16.5 - 

7 EWA CME 1.0 ± 0.3 91.2 ± 2.4 36.8 1.4 ±0.2 62.1 ± 10.2 - 

8 EWA FCC-1 1.1 ± 0.8 8.7 ± 1.0 - 1.4 ±0.0 55.1 ± 2.2 - 

9 EWA FCC-2 0.7 ± 0.5 6.7 ± 2.0 - 1.7 ±0.3 29.9 ± 12.4 18.1 

10 EWA FCC-3 0.8 ± 0.4 4.3 ± 1.8 - 0.1 ±0.0 12.4 ± 8.5 20.6 

11 EWA FCC-4 0.8 ± 0.4 4.6 ± 1.0 - 1.1 ±0.1 38.1 ± 14.3 - 

12 EWA FCC-5 1.1 ± 0.4 90.1 ± 2.3 21.6 1.1 ±0.1 41.6 ± 3.7 - 

13 EWA FCC-6 1.5 ± 0.5 91.3 ± 1.2 8.7 0.8 ±0.1 48.8 ± 4.9 - 

14 EWA FCC-7 1.3 ± 0.4 91.7 ± 1.4 9.4 0.9 ±0.1 51.8 ± 8.7 - 

15 EWA FCC-8 1.3 ± 1.2 91.3 ± 1.0 36.0 1.0 ±0.1 59.1 ± 15.7 - 
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S. No. Sample Name* 
RXRE -luciferase assay DPPH free radical scavanging assay QR1 induction assay 

Fold induction 
at 20 µg/ml 

% scavanging 
at 200 µg/ml 

IC50 

(µg/ml) 
IR 

at 20 µg/ml 
% survival 
at 20 µg/ml 

CD 

(µg/ml) 

16 EWA FCC-9 0.7 ± 0.4 91.0 ± 1.9 56.6 0.9 ±0.1 64.6 ± 8.4 - 

17 EWA FCC-10 0.6 ± 0.0 90.3 ± 1.2 33.5 1.1 ±0.1 64.0 ± 13.2 - 

18 EWA FCC-11 0.8 ± 0.3 88.9 ± 1.0 72.5 0.9 ±0.1 60.0 ± 7.9 - 

19 BCR CME 1.0 ± 0.3 91.8 ± 0.4 18.9 1.3 ±0.1 43.9 ± 2.2 - 

20 BCR NBF 0.7 ± 0.5 91.6 ± 0.4 14.1 1.1 ±0.1 59.2 ± 2.4 - 

21 BCR EAF 0.6 ± 0.2 91.4 ± 0.3 11.8 0.9 ±0.1 72.1 ± 4.5 - 

22 BCR AQFsp 0.7 ± 0.3 91.3 ± 0.4 57.8 1.0 ±0.2 65.5 ± 19.9 - 

23 BCR AQFppt 0.9 ± 0.4 88.6 ± 1.4 83.7 0.9 ±0.1 68.6 ± 7.5 - 

24 AOA CME 1.0 ± 0.3 91.2 ± 3.0 36.5 1.5 ±0.1 40.2 ± 7.7 - 

25 AOA DCM 1.0 ± 0.8 12.0 ± 2.1 - 0.1 ±0.0 9.4 ± 10.9 9.6 

26 AOA MeOH 0.9 ± 0.3 91.2 ± 1.2 35.4 1.1 ±0.2 45.4 ± 17.6 - 

27 AOA FCC- A 0.6 ± 0.1 89.4 ± 1.4 20.2 1.3 ±0.2 60.6 ± 18.3 - 

28 AOA FCC- B 0.7 ± 0.1 91.3 ± 1.2 80.1 1.2 ±0.2 48.2 ± 16.1 - 

29 AOA FCC- C 0.9 ± 0.2 91.1 ± 1.3 90.6 1.3 ±0.2 28.6 ± 8.8 - 

30 AOA FCC- D 1.0 ± 0.3 90.6 ± 1.2 58.3 0.9 ±0.1 68.9 ± 14.7 - 

31 AOA FCC- E 1.6 ± 0.9 26.0 ± 1.0 - 0.9 ±0.1 67.9 ± 8.6 - 

32 AOA FCC- F 1.2 ± 0.9 44.8 ± 3.0 - 1.0 ±0.2 67.8 ± 15.7 - 
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S. No. Sample Name* 
RXRE -luciferase assay DPPH free radical scavanging assay QR1 induction assay 

Fold induction 
at 20 µg/ml 

% scavanging 
at 200 µg/ml 

IC50 

(µg/ml) 
IR 

at 20 µg/ml 
% survival 
at 20 µg/ml 

CD 

(µg/ml) 

33 AOA FCC- G 1.0 ± 0.5 4.5 ± 1.0 - 1.0 ±0.1 64.6 ± 4.4 - 

34 ATA CME 1.2 ± 1.2 60.0 ± 1.3 - 1.2 ±0.1 69.8 ± 5.8 - 

35 ATA NHF 0.8 ± 0.5 16.3 ± 2.0 - 0.4 ±0.2 29.9 ± 25.6 10.8 

36 ATA AQF 0.9 ± 0.2 76.6 ± 2.0 141.1 1.1 ±0.2 62.0 ± 13.2 - 

37 OD CME 1.1 ± 0.6 4.4 ± 1.3 - 1.1 ±0.1 58.4 ± 11.6 - 

38 OD FCC- 1 1.0 ± 0.4 9.0 ± 1.9 - 1.1 ±0.1 51.0 ± 0.9 - 

39 OD FCC- 2 0.6 ± 0.2 3.1 ± 2.0 - 1.0 ±0.1 63.3 ± 12.2 - 

40 OD FCC- 3 0.8 ± 0.2 2.7 ± 1.0 - 1.1 ±0.1 57.0 ± 7.4 - 

41 OD FCC- 4 1.3 ± 0.7 0.5 ± 0.1 - 1.0 ±0.0 76.0 ± 8.1 - 

42 OD FCC- 5 0.8 ± 0.3 3.4 ± 1.0 - 0.9 ±0.1 81.6 ± 14.1 - 

43 OD FCC- 6 0.8 ±0.3 7.3 ± 2.0 - 1.0 ±0.1 69.6 ± 6.5 - 

44 OD FCC- 7 0.6 ±0.1 7.5 ± 1.2 - 1.1 ±0.1 71.3 ± 4.5 - 

45 OD FCC- 8 0.9 ± 0.4 0.0  ± 0.0 - 1.2 ±0.2 61.5 ± 15.0 - 

46 OD FCC- 9 0.7 ± 0.1 0.0  ± 0.0 - 1.2 ±0.1 66.5 ± 5.5 - 

47 WCA CME 0.9 ± 0.1 35.1 ± 2.0 - 2.7 ±0.4 35.9 ± 7.1 2.1 

48 WCF CME 1.0 ± 0.1 12.9 ± 2.0 - 2.4 ±0.3 55.7 ± 8.1 19.9 

49 WCA&F CME 1.0 ± 0.3 29.8 ± 1.0 - 3.4 ±0.6 43.9 ± 9.9 7.8 
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S. No. Sample Name* 
RXRE -luciferase assay DPPH free radical scavanging assay QR1 induction assay 

Fold induction 
at 20 µg/ml 

% scavanging 
at 200 µg/ml 

IC50 

(µg/ml) 
IR 

at 20 µg/ml 
% survival 
at 20 µg/ml 

CD 

(µg/ml) 

50 WCA&F FCC- 1 0.8 ± 0.1 17.6 ± 2.0 - 0.0 ±0.0 6.5 ± 7.6 2.2 

51 WCA&F FCC- 2 1.4 ± 0.6 29.6 ± 1.0 - 0.0 ±0.0 20.5 ± 7.2 1.0 

52 WCA&F FCC- 3 1.6 ± 1.0 20.3 ± 2.0 - 0.3 ±0.1 16.7 ± 10.7 1.1 

53 WCA&F FCC- 4 0.9 ± 0.3 25.2 ± 1.2 - 3.2 ±0.5 61.2 ± 12.9 6.0 

54 WCA&F FCC- 5 0.6 ± 0.1 29.0 ± 3.0 - 2.7 ±0.3 60.7 ± 11.1 7.2 

55 WCA&F FCC- 6 0.8 ± 0.2 21.3 ± 1.2 - 2.3 ±0.4 73.2 ± 19.0 6.1 

56 WCA&F FCC- 7 1.0 ± 0.5 26.3 ± 2.0 - 2.7 ±0.4 63.5 ± 7.1 7.3 

57 WCA&F  FCC- 8 1.3 ± 0.3 52.3 ± 1.0 - 1.2 ±0.3 83.5 ± 35.1 - 

58 WCA&F FCC- 9 1.0 ± 0.6 34.1 ± 2.0 - 1.2 ±0.2 69.7 ± 23.3 - 

59 WCA&F FCC- 10 1.0 ± 0.3 10.3 ± 1.0 - 1.2 ±0.3 65.3 ± 16.2 - 

All data showed above is mean of duplicate or triplicate test   ± = standard error    IC50 = concentration at 50% inhibition,  

IR = induction ratio  CD = concentration (µg/ml) at induction ratio two  

Cytotoxicity assay was also run in parallel to avoid false negative and no sample was cytotoxic at CD except S. No. 9 and 10. The samples which showed IR ≥2 or were 

cytotoxic at concentration 20 µg/ml were tested for dose dependence to find CD  

In RXRE assay, 9-cis-retinoic acid was used as positive control, which showed 13.1-fold induction at 100 nM 

Ascorbic acid was used as positive control in DPPH assay (IC50 = 36.12 µM) 

In QR 1 assay, 4’-Bromoflavonewas used as a positive control (CD = 0.01 µM) 

*Sample’s taxonomic identification and method of preparation are given in Table 2.1 
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measurement of potential free radical scavenging activity of the plants 

extracts/fractions, DPPH assay was utilized in this study. Initial screening was carried 

out at concentration of 200 µg/ml and the extracts/fractions which showed ≥70 % 

scavenging were tested to three fold serial dilution in order to find their IC50 values. A 

total of 59 extracts and fractions prepared from the six plants were tested for free 

radical scavenging activity, among them 25 extracts/fraction exhibited ≥ 70 

scavenging at 200 µg/ml concentration (Table 2.3).  

A total of 13 extracts/fractions of E. wallichii roots and aerial parts showed free 

radical scavenging activity ≥ 70% at 200 µg/ml and their IC50 ranged from 8.7 µg/ml 

to 78.4 µg/ml. Among all the tested extracts/fractions, EWA FCC-6 (fraction of E. 

wallichii aerial part) showed maximum scavenging with lowest IC50 value (8.7 

µg/ml). These results suggest that E. wallichii can be promising source of 

antioxidants. All the five extracts/fraction of B. ciliata showed >70% scavenging at 

200 µg/ml concentration with their IC50 value ranged from 11.8 µg/ml to 83.7 µg/ml. 

Most potent free radical scavenger fraction of B. ciliate was BCR EAF, which had 

IC50 value 11.8 µg/ml. These results demonstrate that B. ciliate has excellent free 

radical scavenging activity. Total six extracts/fractions of A. oblongifolium showed 

>70 % free radical scavenging at 200 µg/ml concentration and their IC50 values  

ranged from 20.2 µg/ml to 90.6 µg/ml. One fraction of A. thomsonii (ATA AQF) 

which showed >70% scavenging at 200 µg/ml concentration had IC50 141.1 µg/ml. 

None of the extracts/fractions of O. dillenii and W. coagulans  showed >70% 

scavenging at 200 µg/ml concentration. Ascorbic acid was used as positive control 

(IC50 = 36.12 µM). 

 Induction of quinone reductase 1 (QR1) with cultured Hepa 1c1c7 (murine 

hepatoma) cells is one of the in vitro bioassays employed in our study, and it is 

representative of the overall elevation of phase II enzyme levels. QR1 is a convenient 

indicative enzyme because it is widely distributed in mammalian tissues can be easily 

measured, and shows a large inducer response (Su et al., 2004). Phase II enzymes are 

primarily responsible for the metabolic detoxification of chemical carcinogens and 

other harmful oxidants, leading to the protection of cells against redox cycling, 

oxidative stress, and carcinogenesis (Zhang and Gordon, 2004; Yang and Liu, 2009). 

Therefore, induction of QR1 at the tumor initiation stage is suggestive for cancer 

prevention potential. In the present study, after the initial screening of 59 samples at 
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20 µg/ml, a total of 14 samples were selected to find CD (concentration required to 

double activity) values (Table 2.3). These samples showed either induction ratio >2 or 

cytotoxicity with cell survival ≤50% at 20 µg/ml concentration. Cytotoxic samples 

were tested at lower concentration because cytotoxicity at high concentration often 

masks potent QR1 induction. The results of dose dependence experiments showed 

that 10 samples (AOA DCM, WCA CME, WCA&F CME, WCA&F FCC- 1 

WCA&F FCC- 2, WCA&F FCC- 3, WCA&F FCC- 4, WCA&F FCC- 5, WCA&F 

FCC- 6 and WCA&F FCC- 7)    out of 14 had CD value <10 µg/ml with no 

cytotoxicity at the CD. The lowest CD value obtained was 1.0 µg/ml. When CD 

values of the extracts are below 10 µg/ml, they are considered as active leads 

(Cuendet et al., 2006). These samples displayed potent induction which justified 

further purification. The other four samples (EWA FCC-2, EWA FCC-3, ATA NHF 

and WCF CME) showed cytotoxicity at the CD, and therefore were not considered 

active.  4’-Bromoflavone was used as a positive control (CD = 0.01 µM). 

The screening of natural extracts on large scale against multiple cell lines needs a lot 

of labor and budget. To overcome this problem, in 1990 a more sensitive, reliable and 

effective method, SRB assay, for the determination of cytotoxic potential of the 

natural product was introduced (Vichai and Kirtikara, 2006). In the present study, the 

cytotoxic potential of the extracts was also determined by employing SRB assay 

(You et al., 1995) with MCF-7, LU-1, and MDA-MB-231 cell cultures. In SRB 

assay, three samples each from E. wallichii (IC50 values ranging from 2.9 to 7.5 

µg/ml) and W. coagulans (IC50 values ranging from 1.2 to 3.4 µg/ml) showed 

cytotoxicity with MCF-7 cell culture (Fig. 2.1, Table 2.4), two samples from E. 

wallichii (IC50 5.1 and 7.1 µg/ml) and one from W. coagulans (IC50 3.1 µg/ml) 

showed cytotoxicity with LU-1 cell culture, two samples from E. wallichii (IC50 2.5 

and 3.4 µg/ml) and five from W. coagulans (IC50 value ranging from 4.2 to 7.8 µg/ml) 

showed cytotoxicity with MDA-MB-231 cell culture (Fig. 2.1, Table 2.4). Taxol and 

colchicine were used as positive controls. 

It is worth mentioning that cytotoxicity results in the each assay (NFĸB, iNOp, QR1 

and RXRE) against the respective cells cannot be compared with cytotoxicity assay 

results against the cancer lines (MCF-7, LU-1 and MDA-MB-231) as the samples 

which are cytotoxic against cancer line may not be cytotoxic against the cells used in 

other cell based assay. These cell lines are genetically different with different growth 
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pattern than cancer cell lines hence different level of sensitivity to the cytotoxic 

samples is expected.  

 Overall summarized results of the biological activities of the tested medicinal plants 

for their biological activities are given in Table 2.5. E. Wallichii showed activity in 

five assays including aromatase, iNOp, DPPH, QR1 and cytotoxicity assays with 

highest activity in DPPH assay. B. ciliata is active only in DPPH free radical 

scavenging assay. A oblongifolium showed activity in DPPH assay and QR1 induction 

assay. A. thomsonii showed activity in iNOp, DPPH and QR1 assay. O. dillenii did 

not showed activity in any of the assay.  W. coagulans showed activity in five assays 

including NFĸB, aromatase, iNOp, QR1 and cytotoxicity assays with highest activity 

in QR1 assay.  

 

A C 

  

B D 

  

 

Fig. 2.1: Cytotoxic activity of WCA&F FCC-2 against MCF-7 (A) and MDA-MB-

231(B) cells at 20 µg/ml concentration, (C) and (D) are negative controls respectively  
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Table 2.4: Results of cytotoxicity assay of the extracts/fractions prepared from the selected plants against MCF-7, LU-1 and MDA-MB-231 

cells 

S. No. Sample Name* 
MCF-7 LU-1 MDA-MB-231 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% survival 
at 20 µg/ml 

IC50 

(µg/ml) 

1 EWR CME 46.14 ± 3.28 - 60.05 ± 4.00 - 57.62 ± 3.24 - 

2 EWR NHF 47.75 ± 2.90 - 102.10 ± 2.90 - 70.53 ± 2.71 - 

3 EWR NBF 47.12 ± 2.43 - 48.22 ± 1.55 - 54.91 ± 2.09 - 

4 EWR CHF 46.18 ± 2.25 - 64.63 ± 5.47 - 63.58 ± 2.12 - 

5 EWR EAF 47.95 ± 6.73 - 49.88 ± 4.72 - 71.09 ± 2.80 - 

6 EWR AQF 47.03 ± 4.85 - 64.98 ± 5.88 - 94.18 ± 3.93 - 

7 EWA CME 45.64 ± 3.80 - 51.69 ± 4.20 - 77.53 ± 3.71 - 

8 EWA FCC-1 73.19 ± 4.79 - 101.95 ± 9.37 - 94.66 ± 5.88 - 

9 EWA FCC-2 27.35 ± 4.53 7.53 61.66 ± 5.89 - 3.39 ± 0.92 2.54 

10 EWA FCC-3 7.68 ± 2.98 2.90 11.18 ± 4.56 5.12 5.38 ± 2.72 3.41 

11 EWA FCC-4 19.17 ± 2.81 6.32 29.92 ± 6.55 7.12 42.85 ± 2.02 - 

12 EWA FCC-5 34.56 ± 1.88 - 57.90 ± 4.94 - 46.57 ± 9.50 - 

13 EWA FCC-6 53.25 ± 1.90 - 52.00 ± 3.45 - 68.47 ± 2.56 - 

14 EWA FCC-7 54.50 ± 0.36 - 61.15 ± 4.32 - 77.81 ± 2.31 - 

15 EWA FCC-8 73.86 ± 2.63 - 81.79 ± 4.93 - 95.08 ± 7.34 - 

16 EWA FCC-9 47.07 ± 8.54 - 56.55 ± 6.59 - 101.88 ± 1.76 - 
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S. No. Sample Name* 
MCF-7 LU-1 MDA-MB-231 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% survival 
at 20 µg/ml 

IC50 

(µg/ml) 

17 EWA FCC-10 100.00 ± 4.60 - 81.32 ± 4.12 - 101.72 ± 2.21 - 

18 EWA FCC-11 79.08 ± 8.28 - 87.01 ± 9.25 - 101.80 ± 3.99 - 

19 BCR CME 71.67 ± 4.60 - 61.13 ± 9.44 - 97.51 ± 6.85 - 

20 BCR NBF 66.44 ± 2.89 - 59.47 ± 11.12 - 83.51 ± 3.97 - 

21 BCR EAF 104.87 ± 3.46 - 51.04 ± 2.78 - 69.92 ± 3.56 - 

22 BCR AQFsp 105.77 ± 2.96 - 88.20 ± 1.12 - 95.86 ± 2.17 - 

23 BCR AQFppt 109.26 ± 3.24 - 83.63 ± 1.78 - 103.05 ± 6.19 - 

24 AOA CME 74.68 ± 5.52 - 83.80 ± 9.42 - 73.54 ± 2.44 - 

25 AOA DCM 93.87 ± 6.53 - 77.76 ± 2.33 - 60.67 ± 6.71 - 

26 AOA MeOH 74.76 ± 3.51 - 82.14 ± 5.36 - 71.37 ± 7.34 - 

27 AOA FCC- A 81.99 ± 6.35 - 58.24 ± 5.81 - 84.96 ± 5.13 - 

28 AOA FCC- B 60.85 ± 7.80 - 94.97 ± 5.04 - 78.34 ± 6.16 - 

29 AOA FCC- C 56.63 ± 6.17 - 92.48 ± 4.41 - 85.30 ± 3.64 - 

30 AOA FCC- D 71.63 ± 2.68 - 89.31 ± 3.64 - 92.80 ± 5.58 - 

31 AOA FCC- E 113.62 ± 5.60 - 101.09 ± 6.66 - 102.48 ± 1.25 - 

32 AOA FCC- F 108.91 ± 3.09 - 105.27 ± 1.76 - 106.55 ± 1.91 - 

33 AOA FCC- G 115.04 ± 7.42 - 108.39 ± 4.54 - 88.79 ± 11.46 - 

34 ATA CME 90.46 ± 4.90 - 105.18 ± 8.91 - 100.79 ± 8.67 - 
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S. No. Sample Name* 
MCF-7 LU-1 MDA-MB-231 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% survival 
at 20 µg/ml 

IC50 

(µg/ml) 

35 ATA NHF 46.46 ± 8.75 - 75.64 ± 3.35 - 84.86 ± 4.04 - 

36 ATA AQF 94.90 ± 9.90 - 99.11 ± 1.74 - 105.83 ± 11.32 - 

37 OD CME 119.01 ± 4.48 - 107.59 ± 3.95 - 105.97 ± 9.27 - 

38 OD FCC- 1 103.39 ± 6.38 - 100.66 ± 8.51 - 104.69 ± 8.12 - 

39 OD FCC- 2 91.18 ± 4.21 - 105.93 ± 7.20 - 111.14 ± 8.71 - 

40 OD FCC- 3 81.12 ± 3.28 - 105.75 ± 5.16 - 104.51 ± 1.87 - 

41 OD FCC- 4 115.94 ± 7.17 - 98.01 ± 6.98 - 100.18 ± 4.02 - 

42 OD FCC- 5 112.44 ± 2.65 - 110.54 ± 3.87 - 104.29 ± 2.68 - 

43 OD FCC- 6 114.09 ± 3.63 - 114.15 ± 2.29 - 106.52 ± 8.31 - 

44 OD FCC- 7 126.81 ± 2.85 - 116.09 ± 5.56 - 112.11 ± 5.62 - 

45 OD FCC- 8 123.56 ± 5.56 - 109.40 ± 2.78 - 113.90 ± 4.22 - 

46 OD FCC- 9 118.57 ± 6.77 - 109.64 ± 0.45 - 109.26 ± 7.67 - 

47 WCA CME 44.67 ± 2.39 - 68.44 ± 7.06 - 29.03 ± 3.81 7.80 

48 WCF CME 42.14 ± 2.01 - 75.85 ± 8.76 - 37.83 ± 3.21 - 

49 WCA&F CME 35.39 ± 1.43 - 78.86 ± 7.60 - 33.29 ± 4.22 - 

50 WCA&F FCC- 1 29.21 ± 3.46 3.44 58.58 ± 1.20 - 19.33 ± 2.49 5.40 

51 WCA&F FCC- 2 9.28 ± 1.21 1.21 18.53 ± 3.44 3.12 5.45 ± 1.22 4.20 

52 WCA&F FCC- 3 18.19 ± 0.14 2.16 54.55 ± 1.70 - 18.73 ± 4.02 5.12 
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S. No. Sample Name* 
MCF-7 LU-1 MDA-MB-231 

% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% survival 
at 20 µg/ml 

IC50 

(µg/ml) 
% survival 
at 20 µg/ml 

IC50 

(µg/ml) 

53 WCA&F FCC- 4 37.19 ± 2.72 - 75.75 ± 0.80 - 28.55 ± 1.34 5.91 

54 WCA&F FCC- 5 43.12 ± 1.65 - 80.77 ± 4.94 - 37.53 ± 1.22 - 

55 WCA&F FCC- 6 45.23 ± 3.50 - 75.55 ± 2.32 - 43.74 ± 2.07 - 

56 WCA&F FCC- 7 30.60 ± 2.01 - 61.03 ± 5.95 - 38.29 ± 2.47 - 

57 WCA&F  FCC- 8 75.99 ± 6.26 - 97.90 ± 3.30 - 61.47 ± 3.05 - 

58 WCA&F FCC- 9 89.82 ± 7.20 - 93.16 ± 8.63 - 79.16 ± 3.62 - 

59 WCA&F FCC- 10 59.76 ± 5.07 - 104.77 ± 12.39 - 97.57 ± 1.11 - 

All data showed above is mean of triplicate test   ± = standard error    IC50 = concentration at 50% inhibition 

Taxol and Colchicine were used as positive control.  

*Sample’s taxonomic identification and method of preparation are given in Table 2.1 
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Table 2.5: Overall comparison of the biological activities of the six plants tested 

S.No. Plant name 

Bioassays grading 

NFĸB Aromatase iNOp RXRE DPPH QR1 Cytotoxicity 

1 E. wallichii - + + - +++ + + 

2 B. ciliata - - - - +++ - - 

3 A.oblongifolium - - + - ++ + - 

4 A.thomsonii - - ++ - ++ ++ - 

5 O.dillenii - - - - - - - 

6 W.coagulans + + ++ - - +++ ++ 

 

+ = up to 30% of the samples of the respective plants were significantly active 

++ = 30-60% of the samples of the respective plants were significantly active  

+++ = 60-100% of the samples of the respective plants were significantly active  

- = None of the sample of respective plant was active 

 

2.4. Conclusion  

This study provides new scientific information about the six medicinally important 

naturally growing plants of Pakistan. A total of 59 samples of these plants were tested. 

Two fractions from W. coagulans inhibited TNF-α induced NFĸB activity with IC50 

values 2.6 and 4.3 µg/ml. One fraction from E. wallichii and one fraction from W. 

coagulans inhibited aromatase with IC50 values of 17.7 and 17.0 µg/ml, respectively. 

In the iNOS assay, Five fraction from E. wallichii (IC50 values ranging from 4.8 to 

15.6 µg/ml), one fraction from A. oblongifolium (IC50 12.5 µg/ml), one fraction from 

A. thomsonii (IC50 12.5 µg/ml) and six fractions from W. coaglans (IC50 values 

ranging from 1.3 to 11.7 µg/ml) exhibited significant activity. Two samples from E. 

wallichii, one from A. oblongifolium, one from A. thomsonii, ten from W. coagulans 

were found to induce QR1 expression. In SRB assay, three samples each from E. 

wallichii (IC50 values ranging from 2.9 to 7.5 µg/ml) and W. coagulans (IC50 values 

ranging from 1.2 to 3.4 µg/ml) showed cytotoxicity with MCF-7 cell culture, two 
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samples from E. wallichii (IC50 5.1 and 7.1 µg/ml) and one from W. coagulans (IC50 

3.1 µg/ml) showed cytotoxicity with LU-1 cell culture, two samples from E. wallichii 

(IC50 2.5 and 3.4 µg/ml) and five from W. coagulans (IC50 value ranging from 4.2 to 

7.8 µg/ml) showed cytotoxicity with MDA-MB 231 cell culture.  

Comparison of all the tested plants for their biological activities (Table 2.5) has led to 

the conclusion that the most promising plant for the further studies is  W. coagulans 

followed by E. wallichii and A. thomsonii respectively. W. coagulans has strongest 

ethno botanical background and a long history of safe use for human consumption in 

Ayurvedic system of medicine. This suggests that bioactive compounds isolated from 

this plant will be safer candidate as drug for human consumption and hence a strong 

candidate for further processing leading to isolation of pure bioactive compounds. 

This report also revealed that aerial parts (stems and leaves) of the Wathania 

coagulans have more activity than fruits or fruits bearing aerial parts.  

These experiments showed that the three most active fractions of W. coagulans are 

WCA&F FCC-1, WCA&F FCC-2 and WCA&F FCC-3 eluted through flash column 

chromatography by ethyl acetate as mobile phase. This shows their relatively less 

polar nature. So, selection of relatively less polar solvent for extraction of these 

compounds than methanol can increase the extraction efficiency of these compounds 

from the plant material.  
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3.1. Introduction 

Plants have played a leading role in the breakthrough of new therapeutics and 

pharmacological screening of terrestrial plants has led to the discovery of numerous 

drugs. They have been a rich source of lead compounds for cancer treatment and 

chemoprevention as well e.g. vinblastine, vincristine, taxol, camptothecine and its 

analogs, etoposide and its analogs, resveratrol, etc. Withania coagulans Dunal 

(synonym: Puneeria coagulans Stocks), commonly known as Indian cheese maker, 

Indian rennet,  vegetable rennet (English), Panir band, Panir ke phool, Punir dodi 

(Hindi), Paneer bandh, Ning gu shui qie (Chinese), is distributed in the relatively drier 

parts of Pakistan and India (Kirtikar and Basu, 1995). The plant is native of the Asia-

temperate (Western Asia: Afghanistan) and Asia-tropical (Indian Subcontinent: India, 

Pakistan, Nepal) regions. A survey of the literature has shown that in various 

traditional systems of medicine the plant has been recommended for the treatment of 

various disorders (Maurya et al., 2010). In Indian subcontinent, two species of the 

genus Withania are found, W. somnifera and W. coagulans (Chadha, 1976, Maurya et 

al., 2010). W. somnifera is known by the name ‘Indian ginseng’ and ‘winter cherry’ in 

English and ‘Ashwagandhain’ in Hindi. Both species have close resemblance with 

each other (Maurya et al., 2010).  

Although withanolides are the main compounds found in both species, there are some 

withanolides specific to each of them. Withaferin A is a major compound found in W. 

somnifera, whereas, coagulin L has been found in major amounts in W. coagulans. 

Where antihyperglycaemic leads from W. coagulans have been isolated, it is still to be 

determined in W. somnifera (Maurya et al., 2008). A distinctive thio-dimer of 

withanolide named Ashwagandhanolide has been found in W. somnifera (Subaraju et 

al., 2006; Mirjalili et al., 2009). Withanolides containing a 14, 20-epoxide bridge are 

specific to W. coagulans. Hepatoprotective, antihyperglycaemic, anti-inflammatory, 

hypolipidaemic, free radical scavenging, cardiovascular, antimicrobial, central 

nervous system depressant, cytotoxic, antitumour and immunomodulating activities 

have been studied in W. coagulans (Maurya et al., 2010). The variety of activities 

reported for the extracts, fractions and withanolides isolated from W. coagulans 

provide promising evidence for future research. On the basis of the conclusion drawn 

from the previous chapter, the objective of this study was to isolate cancer 

chemopreventive and cytotoxic agents from Withania coagulans.  
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3.2. Materials and methods 

3.2.1. Plant collection 

Withania coagulans (Stocks) Dunal (WC) was collected again from Karapa (Banda 

Daood Shah) District Karak, Khyber Pakhtonkhwa in July 2010. The plant was 

identified at Department of Plant Sciences, Quaid-i-Azam University, Islamabad by 

Prof. Dr. Rizwana A. Qureshi.  A voucher specimen numbering HMP-459 was also 

deposited in the “Herbarium of medicinal plants of Pakistan”, Quaid-i-Azam 

University, Islamabad, Pakistan. 

3.2.2. Extraction, fractionation, isolation and purification 

Plant material was collected, sorted out for any foreign material, diseased or 

deteriorated parts. Then it was shade dried with continuous agitation every 6 hourly 

and then crushed in a grinding mill. Total 10 kg of shade dried and crushed aerial 

parts without fruits (leaves and stems only) were taken and macerated in 30 L of 

solvent for three days by occasional shaking. Mixture of chloroform and methanol 

(1:1) was used as solvent.  After three days of soaking, solvent was squeezed out and 

filtered. Filtrate was dried in rotary evaporator (Buchi, Switzerland) and fume hood, 

while the marc was extracted for second time using the same solvent and procedure 

(Fig 3.1). The semisolid material obtained after drying the filtrate was called crude 

extract (WCC). The weight of WCC was 700 g and stored at -20°C for further 

processing. 

3.2.2.1. Solvent-solvent extraction (Sol-Sol Ext) 

To fractionate, solvent-solvent extraction of WCC was carried out as outlined in Fig. 

3.1. Briefly, 700 g of WCC was suspended in 2500 ml hot water. This water 

suspension was extracted three times with n-hexane (2500 ml x 3) using a separating 

funnel. The organic layer was dried in the rotary evaporator at 35°C and 75 g n-

hexane fraction (WCN) was obtained.  Aqueous layer was again extracted three times 

with ethyl acetate (2500 x 3). Organic layer was dried in rotary evaporator at 35°C 

and 125 g ethyl acetate fraction (WCE) was obtained. The remaining aqueous portion 

was also dried in rotary evaporator at 45°C and 475 g aqueous fraction (WCA) was 

obtained. All the fractions were subjected to bioassay (cancer chemopreventive and 

cytotoxicity assays) and stored at -20°C for further processing. 
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Powdered aerial plant material = 10 kg 

Extracted with CH3OH: CHCl3 (1:1) 

(30 L x 2 times) 

 

Crude Extract (WCC) = 700 g 

 Suspend in hot water 

  (2500 ml) 

 

Water Suspension of WCC 

 Extraction with n-Hexane        n-Hexane fraction (WCN) = 75 g 

  (2500 ml x 3)    

 Aqueous portion 

 

 Extraction with Ethyl acetate      Ethyl Acetate Fraction (WCE) = 125 g 

  (200x4ml)      

Aqueous Fraction (WCA) = 475g  

 

Fig. 3.1: Schematic diagram for extraction and fractionation of crude extract (WCC) 

of W. coagulans aerial parts 

 

3.2.2.2. Normal phase column chromatography 

WCE, WCN and WCA were subjected to bioassays and on the basis of bioassays 

results, WCN and WCE were selected for further purification. For this purpose 

normal phase column chromatography was used. The fractions were dissolved in 

appropriate solvents and were adsorbed on the silica gel 60 (70-230 mesh, Merck, 

Germany) in the ratio of 1 g sample on 1 g silica and dried in a fume hood. Then a 

glass column was loaded with 1000 g silica gel 60 (230-400 mesh, Merck, Germany) 

and the dried sample was loaded on the top. A protective layer (2 cm) of silica gel was 

also added after loading the sample. The column loaded with WCN was eluted with 
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gradient change in mobile phase; starting from 20% ethyl acetate in chloroform to 

100% ethyl acetate as shown in Fig. 3.2. Each fraction of 250 ml was collected and 

dried in rotary evaporator at 35°C.  Total 14 fractions (WCN1- WCN14) were 

collected.  The column loaded with WCE was eluted with gradient change in mobile 

phase; starting from 20% acetone in n-hexane to 50% acetone in n-hexane and finally 

1000 ml of n-hexane, acetone and methanol (1:1:0.5) as shown in Fig. 3.3. Each 

fraction of 250 ml was collected and dried in rotary evaporator at 35°C.  Total 19 

fractions (WCE1- WCE19) were collected.  

 

WCN (75 g) 

 Dissolved in  
 Chloroform: Ethyl acetate (1:1)         
   
 Adsorbed on 75 g silica gel 60 

(70-230 mesh) 
  

 Dried in fume hood  

   

Loaded to a column containing 
1000 g blank silica gel 60 (230-400 mesh) 

 Eluted with CHCl3: EtOAc (5:1 to 0:1)  

 

Total 14 fractions (WCN1 to WCN14), each 250 ml and dried 

at 35°C in rotary evaporator 

             

Fig. 3.2: Scheme for fractions preparation of WCN by normal phase column 

chromatography  
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WCE (125 g) 

 Dissolved in  
Ethyl acetate: MeOH (3:1)           

  

Adsorbed on 125 g silica gel 60 

(70-230 mesh) 
  

 Dried in fume hood  

   

Loaded to a column containing 
1000 g blank silica gel 60 (230-400 mesh) 

Eluted with n-Hexane: Acetone (5:1 to 1:1)  
and then 1000 ml n-Hexane: Acetone: MeOH (1:1:0.5) 

 

Total 19 fractions (WCE1 to WCE19), each 250 ml and dried at 

35°C in rotary evaporator 

 

Fig. 3.3: Schematic representation of fractions preparation of WCE by column 

chromatography 

 

3.2.2.3. Combination scheme of WCN and WCE fractions  
 

Total 33 fractions (WCN1-WCN14 and WCE1-WCE19) were subjected to bioassays 

and analytical normal phase TLC. On the basis of bioassay and TLC results, similar 

fractions were combined together before further processing. Fraction of WCN and 

WCE were combined to yield six master fractions each. The detail of combination 

scheme is given in the Table 3.1. 

3.2.2.4. Isolation and purification from the combined fractions 

The fractions which were active in multiple assays were chosen first for purification 

of single chemical entities and then these pure compounds were subject to bioassays 

and structure elucidation procedures. 
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Table 3.1: Combination scheme of WCN and WCE fractions prepared by normal 

phase column chromatography on the basis of TLC and bioassays results 

 

S. 

No. 

Combination scheme of WCN Combination scheme of WCE 

Fractions 

combined 

Weight 

(g) 

Fraction 

name 

Fractions 

combined 

Weight 

(g) 

Fraction 

name 

1. WCN1-WCN2 40.0 - WCE1-WCE2 30.0 - 

2. WCN3-WCN5 20.5 WCN A WCE3 0.7 WCEA 

3. WCN6-WCN8 3.3 WCN B WCE4-5 0.7 WCEB 

4. WCN9 2.5 WCN C WCE6- WCE8 10.0 WCEC 

5. WCN10 1.4 WCN D WCE9- WCE12 7.0 WCED 

6. WCN11- WCN12 2.8 WCN E WCE13- WCE17 13.4 WCEE 

7. WCN13- WCN14 3.19 WCN F WCE18- WCE19 20.0 WCEF 

 

- = No significant activities were found and hence not processed further 

a)  Isolation and purification of WCEC-7 and WCEC-RM 16 

WCEC was subjected to normal phase column chromatography (silica gel 60, 230-

400 mesh) using the mobile phase n-Hex: EA/1:0-0:1. Total 19 fractions (100ml each) 

were obtained. Fractions 13 and 14 were combined and subjected to gel filtration 

column chromatography (sephadex LH20) using 100% MeOH as mobile phase and 

15 fractions (50 ml each) were obtained. Out of these 15 fractions, 1-6 were combined 

and submitted to normal phase column chromatography (silica gel 60, 5-40 µm) using 

the mobile phase n-Hex: EA/5:1-0:1 and total 9 fractions (50 ml each) were obtained. 

Fractions 1-4, of these 9,  were combined and further purified by normal phase 

medium pressure liquid chromatography (MPLC, silica gel 60, 5-40 µm) using the 

mobile phase CHCl3: EA/5:1-0:1. Total 16 fractions (25 ml each) were collected of 

which the fraction 7 was crystallized and named as WCEC-7. Whereas fractions 2-6 

were combined and subjected to RP-MPLC (Bondesil-C18, 40µm) by using the 

mobile phase MeOH: H2O/20:80-100:0 and 18 fractions were obtained of which the 

fraction 16 was dried to get WCEC-RM 16. Schematic representation is given in Fig. 

3.4. 
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Fig. 3.4: Schematic representation of isolation and purification of WCEC-7, WCEC 

11 and WCEC-RM 16 

b) Isolation and purification of WCEC 11 

WCEC was subjected to normal phase column chromatography (silica gel 60, 230-

400 mesh) using the mobile phase n-Hex: EA/1:0-0:1. Total 19 fractions (100ml each) 

were obtained. Fraction 11 was subjected to gel filtration column chromatography 

(sephadex LH20) using 100% MeOH as mobile phase and total 10 fractions (50ml 

each) were obtained. Similar fractions (5 and 6) were combined, crystallized and re-

crystallized in methanol to obtain WCEC 11. Schematic representation is given in Fig. 

3.4.  
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c) Isolation and purification of WCED-cc 10 

WCED was subjected to normal phase column chromatography (silica gel 60, 230-

400 mesh) using the mobile phase n-Hex: EA/5:1-0:1. Total 19 fractions (100ml each) 

were obtained. Fractions 15-17 were combined and subjected to gel filtration column 

chromatography (sephadex LH20) using 100% MeOH as mobile phase and 28 

fractions (50 ml each) were obtained. Out of these 28 fractions, 7-13 were combined 

and submitted to normal phase column chromatography (silica gel 60, 5-40 µm) using 

the mobile phase n-Hex: EA/3:1-0:1. Total 15 fractions (25 ml each) were collected of 

which the fraction 10 was crystallized and crystals were washed three times with ethyl 

acetate to yield WCED-cc10. Schematic representation is given in Fig. 3.5. 

 

 

 

Fig. 3.5: Schematic representation of isolation and purification of WCED-cc 10 

d) Isolation and purification of WCEE 16, WCEE 19 and WCEE-RM 15 

WCEE was subjected to normal phase column chromatography (silica gel 60, 230-400 

mesh) using the mobile phase n-Hex: EA/5:1-0:1. Total 19 fractions (100ml each) 

were obtained of which the fraction 16 was crystallized and re-crystallized in MeOH 
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and crystals were washed for three days with MeOH to yield WCEE 16. Schematic 

representation is given in Fig. 3.6. 

 

 

 

Fig. 3.6: Schematic representation of isolation and purification of WCEE 16, WCEE 

19 and WCEE-RM 15 

 

Whereas 19th fraction of WCEE was crystallized and re-crystallized in MeOH and 

crystals were washed for seven days with MeOH to yield WCEE 19. Schematic 

representation is given in Fig. 3.6. 
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Fractions 12-14 of WCEE were combined and subjected to gel filtration column 

chromatography (sephadex LH20) using 100% MeOH as mobile phase and 8 

fractions (50 ml each) were obtained. Out of these 8 fractions, 4-6 were combined and 

submitted to normal phase column chromatography (silica gel 60, 5-40 µm) using the 

mobile phase n-Hex: EA/5:1-0:1 and total 16 fractions (50 ml each) were obtained. 

Fractions 2-6 of these 16 were combined and subjected to RP-MPLC (Bondesil-C18, 

40µm) by using the gradient mobile phase MeOH: H2O/20:80-100:0 and 18 fractions 

(25 ml each) were obtained. Fractions 6-7 of these 18 were combined and subjected to 

RP-MPLC (Bondesil-C18, 40µm) by using the isocratic mobile phase MeOH: 

H2O/30:70 and 17 fractions (25 ml each) were collected. Fraction 15 was dried to 

yield WCEE-RM 15. Schematic representation is given in Fig. 3.6. 

e) Isolation and purification of WCEF 09, WCEF-cc 12 and WCEF-RM 05 

WCEF was subjected to normal phase column chromatography (silica gel 60, 230-400 

mesh) using the mobile phase n-Hex: EA/3:1-0:1. Total 27 fractions (250ml each) 

were obtained of which the fraction 09 was crystallized and re-crystallized in MeOH 

and crystals were washed with MeOH for 15 days to yield WCEF 09. Schematic 

representation is given in Fig. 3.7. 

The fractions 10-19 and mother solution of 09 (as mentioned above) of WCEF were 

combined and subjected to gel filtration column chromatography (sephadex LH20) 

using 100% MeOH as mobile phase and 25 fractions (50 ml each) were obtained. Out 

of these 25 fractions, 10-25 were combined and submitted to normal phase column 

chromatography (silica gel 60, 5-40 µm) using the mobile phase n-Hex: EA/5:1-0:1 

and total 68 fractions (100 ml each) were obtained. Fraction 12 of these 68 was 

crystallized and crystals were washed with MeOH to yield WCEF-cc 12. Whereas 

fractions 31-49 of these 68 were combined and subjected to RP-MPLC (Bondesil-

C18, 40µm) by using the gradient mobile phase MeOH: H2O/20:80-100:0 and 

obtained 21 fractions (25 ml each). Fraction 10 of these 21 fractions was subjected to 

RP-MPLC (Bondesil-C18, 40µm) by using the isocratic mobile phase MeOH: 

H2O/50:50 and 10 fractions (25 ml each) were collected. Fraction 05 was dried to 

yield WCEF-RM 05. Schematic representation is given in Fig. 3.7. 
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Fig. 3.7: Schematic representation of isolation and purification of WCEF 09, WCEF-

cc 12 and WCEF-RM 05 

 

3.2.3. Bioassays  

In this study the approach of bioactivity guided fractionation followed by random 

purification from biologically active fractions was utilized. The purified compounds 
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were also subjected to biological evaluation subsequently. The following bioassays 

are employed to evaluate the fractions and the pure compounds. 

3.2.3.1. Cancer chemopreventive assays 

a) Inhibition of TNF-α activated nuclear factor-kappa B (NFĸB) assay  

Inhibition of TNF-α activated NFĸB was carried out as reported earlier by Hoshino et 

al., (2010) and described in detail previously (Chapter 2, page no. 38-39). 

b) Aromatase inhibition assay 

Aromatase inhibition was assayed as reported earlier by Maiti et al. (2007) and 

described in detail previously (Chapter 2, page no. 44- 45).  

c) Inhibition of NO production in LPS-activated murine macrophage RAW 

264.7 cells (iNOp) assay 

iNOp assay was performed as reported earlier by Cheenparacha et al., (2010) and 

described in detail previously (Chapter 2, page no. 45-46). 

d)  Quinone reductase 1 (QR1) induction assay 

Induction of QR1 in Hepa 1c1c7 (murine hepatoma) cells was assayed as reported 

earlier by Su et al., (2004) and described in detail previously (Chapter 2, page no. 47). 

3.2.3.2. Cytotoxicity assay 

a)  Sulforhodamine B (SRB) assay 

The cytotoxic potential of test samples towards MCF-7, LU-1, MDA-MB-231 and 

KB cancer cells was determined by using an SRB colorimetric assay as reported 

previously by You et al., (1995) and described in detail previously (Chapter 2, page 

no.48-49). 

3.3. Results  

The results can be summarized in three sections.   

3.3.1. Biological activities of the fractions of the solvent-solvent extraction.  

3.3.2. Biological activities of fractions of column chromatography  

3.3.3. Biological activities of pure compounds 

  



 

 

Ch. No. 3: Iso. & Bio. Eva. of W. coagulans�

83 

 

3.3.1. Biological activities of fractions obtained by solvent-solvent extraction 

The results of these biological activities showed that WCN had IC50 values of 17.9, 

2.5 and 13.1 µg/ml in aromatase assay, iNOp assay and cytotoxicity against MCF-7 

cells respectively and CD value of 2.27 µg/ml in QR1 assay. WCE had IC50 values 

14.9, 6.2 and 1.5 µg/ml in aromatase, TNF-α activated NFĸB and iNOp assays 

respectively and CD value of 0.39 µg/ml in QR1 assay. In cytotoxicity assay WCE 

showed IC50 values of 5.2, 8.5, 5.9, and 4.1 µg/ml against MCF-7, LU-1, MDA-MB-

231 and KB cells. Whereas WCA showed IC50 value of 7.84 µg/ml in iNOp assay and 

CD value of 15.81 µg/ml. The summarized results are given in table 3.2. Among these 

three fractions WCE showed the highest activity in all the assays performed and had 

the lowest IC50 values followed by WCN. WCA showed the least activity. Top two 

fractions in activity (WCE and WCN) were selected for further fractionation by using 

column chromatography followed by biological evaluation.   

3.3.2. Biological activities of WCN and WCE fractions obtained by normal phase 

column chromatography  

3.3.2.1. Cancer chemopreventive assays 

a) Aromatase inhibition assay 

All the fractions of WCN (14 fractions) and WCE (19 fractions) made by normal 

phase column chromatography were tested for enzyme based aromatase inhibition 

assay. The results calculated as % inhibition at 20 µg/ml concentration are given in 

figure 3.8. Among the tested fractions, most active was WCN 04, which showed 

70.9% inhibition at 20 µg/ml concentrations. Other fractions WCN 03, WCN 05 and 

WCE 04 had 66.6, 66.0 and 61.6% inhibition at 20 µg/ml concentration. All these 

fractions were considered good candidates for further purification.  

b) Inhibition of TNF-α activated NFĸB assay  

Total 33 fractions (14 from WCN and 19 from WCE) were tested at 20 µg/ml 

concentration for TNF-α activated NFĸB inhibitory activity in cell line based assay. 

To monitor the cell survival and exclude the chance of false positive results, 

cytotoxicity assay was also run in parallel. The results calculated as % inhibition and 

% survival at 20 µg/ml are given in figure 3.9.  WCN 10-14 showed relatively higher 

activity than the other fractions of WCN and among them WCN 14 has the highest 
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Table 3.2:  Summarized results of cancer chemopreventive and cytotoxic bioassays for WCN, WCE and WCA 

Fraction 
Name 

Concentration 
Cancer chemopreventive assay Cytotoxicity assays 

Aromatase NFĸB iNOp QR 1 MCF-7 LU-1 MDA-MB-231 KB 

(µg/ml) % inhibition % inhibition % inhibition induction ratio % inhibition % inhibition % inhibition % inhibition 

W
C

N
 

20.00 52.9 40.3 78.0 3.8 65.2 45.0 58.4 57.4 

6.67 30.9 20.5 68.3 2.7 37.1 32.0 20.0 12.0 

2.22 16.5 10.0 45.4 1.4 12.0 4.0 0.0 0.0 

0.74 10.4 3.3 30.2 1.1 0.0 0.0 0.0 0.0 

0.25 9.8 0.0 21.0 0.9 0.0 0.0 0.0 0.0 

IC50 (µg/ml) 17.9 N.A. 2.5 CD  2.27 13.1 N.A. N.A. N.A. 

W
C

E
 

20.00 62.7 70.0 90.1 2.3 81.1 70.0 78.1 82.7 

6.67 31.3 52.0 81.5 4.2 54.6 44.0 51.3 56.6 

2.22 13.3 30.0 63.2 3.2 27.1 21.3 26.1 33.9 

0.74 14.1 15.0 36.8 1.9 6.2 5.8 2.9 1.2 

0.25 14.4 5.0 13.0 1.5 0.0 0.0 0.0 0.0 

IC50 (µg/ml) 14.9 6.2 1.5 CD 0.39 5.2 8.5 5.9 4.1 

W
C

A
 

20.00 34.9 42.1 63.3 2.2 33.9 27.0 19.0 13.6 

6.67 16.1 23.0 48.2 1.7 13.0 5.0 2.1 3.8 

2.22 10.7 11.5 32.5 1.2 2.0 0.0 0.0 0.0 

0.74 17.2 2.0 16.2 0.7 0.0 0.0 0.0 0.0 

0.25 5.8 1.7 9.1 0.8 0.0 0.0 0.0 0.0 

IC50( µg/ml) N.A. N.A. 7.84 CD 15.81 N.A N.A. N.A. N.A. 
 

N.A. = Not applicable as at 20 µg/ml concentration activity is less than 50% inhibition, CD = Concentration required to double the enzyme activity, Aromatase = Aromatse 

inhibition assay, NFĸB = TNF-α activate NFĸB inhibition,  iNOp = inhibition of NO production in LPS-activated macrophage RAW 264.7 cell, QR1 = Quinone reductase 

1 induction assay 
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inhibition (66%) at 20 µg/ml. Whereas fractions of WCE showed better activity than 

WCN fractions. All the fraction from WCE 07 to WCE 19 showed >70% inhibition at 

20 µg/ml concentration except WCE 13 and WCE 15 which showed 64 % and 60% 

inhibition respectively. WCE 10-12 and 14 showed 86, 96, 97 and 89% inhibition 

respectively, at the same time they also showed cytotoxic effect and had 56, 54, 49 

and 52 % cell survival at 20 µg/ml concentration respectively. Other fraction didn’t 

show alarming effect on cell viability (cell survival >70%), which can create a doubt 

of false positive results. On the whole fractions of WCE (except 01-05) fraction had 

good NFĸB activity including WCE 18-19 having 91% and 94% inhibition and cell 

survival 100% at 20 µg/ml concentration. In this assay Nα-tosyl-L-phenylalanine 

chloromethyl ketone (TPCK) was used as a positive control (IC50= 5.09µM) 

c) Inhibition of NO production in LPS-activated murine macrophage RAW 

264.7 cells (iNOp) assay 

All the fractions of WCN (14 fractions) and WCE (19 fractions) obtained through 

normal phase column chromatography were tested for inhibition of NO production in 

LPS-activated murine macrophage RAW 264.7 cells. Results of this assay showed 

that in total 27 fractions had >95% inhibition and only four fraction (WCN 01-02, 

WCE 01-02) exhibited <70% inhibition at 20 µg/ml concentration, while some 

fractions (WCE 08, 12, 14 and 18) showed noticeable cytotoxicity (cell survival 

<70%) at 20 µg/ml concentration (Fig. 3.10). All the samples having more than 50% 

inhibition at 20 µg/ml were further tested to find out IC50 values (Fig. 3.11). To 

exclude false positive results, cytotoxicity assay was also performed in parallel. 

Results of these experiments showed that fractions prepared from WCE had lower 

IC50 values as compared to WCN fractions and WCE 12 had the lowest IC50  (0.2 

µg/ml) followed by WCE11 and WCE 14, both had IC50  0.3 µg/ml. The results of 

cytotoxicity assay showed that all the fractions had no effect on cell viability at IC50 

(i.e 100% cell survival). Na-L monomethyl arginine (L-NMMA) was used as positive 

control in this assay (IC50 = 19.7µM). 
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Fig. 3.8: Results of WCN and WCE fractions in aromatase inhibition assay at 20 µg/ml concentration  

 *Naringenin (IC50 = 0.23µM) was used as positive control 
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Fig.3.9: Results of WCN and WCE fractions in TNF-α activated NFĸB inhibition assay at 20 µg/ml concentration  

 *TPCK was used as positive control (IC50 =  5.05 µM)  
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d)  Quinone reductase 1 (QR1) induction assay 

The results of Quinone reductase 1 induction in Hepa 1c1c7 (murine hepatoma) cells are 

shown in the Fig 3.12. All the fractions of WCN (14 fractions) and WCE (19 fractions) 

were tested initially at 20 µg/ml concentration. To exclude the risk of false negative 

results, cytotoxicity assay was also run in parallel. The samples which showed induction 

ratio (IR) ≥2 and cell survival >70% were considered active. All the samples which 

showed IR >2 or showed cytotoxicity (cell survival <70%) at 20 µg/ml were subjected to 

further testing at lower concentrations to find CD value (concentration required to double 

the enzyme activity or concentration at which IR=2). To monitor the cell survival and 

exclude the chance of false negative results, cytotoxicity was also tested at all dose levels. 

CD values of active fractions are given in Fig. 3.13 and all the active fractions had no 

effect on cell viability at CD (cell survival > 95%).  

The result of these experiment showed that total 18 fractions had CD <1µg/ml and among 

them 13 fractions were from WCE and 5 from WCN. Other fractions also had good 

induction activity and overall 31 fractions out of 33 were considered active. 

3.3.2.2. Cytotoxicity assay 

a) Sulforhodamine B (SRB) assay  

Sulforhodamine B (SRB) assay was used to test cytotoxic activity of all the fractions of 

WCN (14 fractions) and WCE (19 fractions) against MCF-7, LU-1, MDA-MB-231 and 

KB cell line at 20 µg/ml concentration initially. The samples which showed more than 

50% inhibition at 20 µg/ml were tested further at lower concentrations to find their IC50 

values. The results of cytotoxic activity at 20 µg/ml are given in the Fig. 3.13. The results 

of SRB assay showed that WCE fractions had better proliferation inhibition than WCN 

fractions against all the tested cell lines. The fractions ranging from WCE 09 to WCE 18 

showed more than 80% and up to 100% proliferation inhibition against all tested cell 

lines at 20 µg/ml concentration (Fig. 3.14).  Among the WCN fractions, WCN 13 showed 

the highest inhibition (85.2%) against KB cells. The results of IC50 values showed that 

WCE 12 had the lowest IC50 against all the cell lines (MCF-7, LU-1, MDA-MB-231 and 
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Fig. 3.10:  Results of WCN and WCE fractions in iNOp assay at 20 µg/ml concentration  

 * L-NMMA was used as positive control in this assay (IC50 = 19.7µM) 
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Fig. 3.11: Graphical representation of IC50 values of WCN and WCE fractions in iNOp assay 

 * All the samples showed 100% cell survival at IC50 and L-NMMA was used as positive control in this assay (IC50 =  19.7µM) 
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Fig. 3.12: Results of WCN and WCE fractions in QR1 induction assay at 20 µg/ml concentration 

  *4’-Bromoflavone was used as a positive control (CD = 0.01 µM)  
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Fig. 3.13: CD values of fractions of WCN and WCE, which showed >2 IR or cell survival <70% at 20 µg/ml for QR1 assay 

 *4’-Bromoflavone was used as a positive control (CD = 0.01 µM)  
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KB). However IC50 values of WCE 11 and WCE 12 are the same (0.3 µg/ml) against 

KB cells (Fig. 3.15). Overall fractions of WCE showed lower IC50 values against all 

the cell lines tested than WCN fractions. 

3.3.3. Biological activities of pure compounds  

These purified compounds were tested for their biological activities and their IC50 

values in the respective assay were calculated as micro molar (µM) concentration 

after their structure elucidation and molecular weights determination by ESI-MS. 

Overall results of the bioassays are summarized in Table 3.3 and 3.4 with % inhibition 

at 20 µg/ml concentration and IC50 values. Briefly, in TNF-α activated NFĸB 

inhibition assay WCEF 09 showed the most potent inhibition among all the tested 

compounds with 1.6 µM IC50 followed by WCEE 16 (IC50 5.05 µM), WCEC-7 and 

WCEC11 (IC50 5.76 µM), WCEF-RM 05 (IC50 7.02 µM), WCED-cc10 (IC50 8.87), 

WCEE 19 (IC50 11.81), WCEC-RM 16 (IC50 12.36) and WCEE-RM 15 (IC50 12.42). 

In the inhibition of NO production in LPS-activated murine macrophage RAW 264.7 

cells assay WCEE 19 showed the most potent inhibition with IC50 1.8 µM followed by 

WCEE 16 (IC50 3.3 µM), WCEF 09 (IC50 7.1 µM), WCEC-7 and WCEC 11 ((IC50 

11.0 µM), WCED-cc10 (IC50 29.0 µM), WCEC-RM 16 ((IC50 37.0 µM), WCEE-RM 

15 ((IC50 40.0 µM) and WCEF-RM 05 showed 31.4 % inhibition at 20 µg/ml 

concentration.  

In QR1 induction assay WCEE 19 showed the most potent induction with IC50 0.04 

µM followed by WCEE 16 (IC50 0.15 µM), WCEF 09 (IC50 0.23 µM), WCEC-7 (IC50 

0.33 µM), WCEE-RM 15 (IC50 0.51 µM), WCEC 11 (IC50 0.60 µM), WCEF-RM 05 

(IC50 1.15 µM), WCEC-RM 16 (IC50 5.25 µM) and WCED cc10 (IC50 30.26 µM, 

Table 3.3).  

In the cytotoxicity assay, among all the 9 compounds tested 3 compounds (WCEE 19, 

16 and WCEC-7) showed activity against MCF-7 with IC50 19.2, 24.2 and 32.2 µM 

respectively, two compounds namely WCEE 19, 16 showed activity against LU-1 cell 

line with IC50 27.5 and 29.2 µM among the six tested. A total of 5 compounds (WCEE 

19, 16, WCEC-7, WCEF 09 and WCEC 11) among the 6 tested showed activity 

against MDA-MB-231 cell line with IC50 14.8, 17.4, 20.0, 34.0 and 40.8 µM 

respectively and four of these (WCEE 19, 16, WCEC 11 and WCEF 09) also showed
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Fig. 3.14: Results of WCN and WCE fractions in cytotoxicity assay against MCF-7, LU-1, MDA-MB-231 and KB cells at 20 µg/ml 

concentration 

*Taxol and colchicines were used as positive controls 
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Fig. 3.15: IC50 values of WCN and WCE fractions in cytotoxicity assay against LU-1, MCF-7, KB and MDA-MB-231 cells 

*Taxol and colchicines were used as positive controls 
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activity against KB cell line with IC50 11.4, 12.1, 32.2 and 38.5 µM respectively 

(Table 3.4).    

 

Table 3.3: Summarized results of cancer chemopreventive assays of purified 

compounds from Withania coagulans 

Compound 
code 

Concentra
tion 

Cancer chemopreventive assays 

NFĸB iNOp QR 1 

(µg/ml) 
% 

inhibition/
IC50 

% 
surviva

l 

% 
inhibition

/IC50 

% 
surviva

l 

induction 
ratio/CD 

% 
survival 

WCEC-7 
20.00 99.9 100.3 69.1 100.5 6.0 90.2 

IC50 ( µM) 5.76c 100.0 11.0d 100.0  CD 0.33d 100.0 

WCEC 11 
20.00 99.9 100.8 84.6 100.8 5.2 82.6 

IC50 ( µM) 5.76c 100.0 11.0d 100.0 0.60f 100.0 

WCEC-
RM 16 

20.00 93.62 70 88.5 102.0 0.15 4.1 

IC50 (µM) 12.36g 100.0 37.0f 100.0 CD 5.25h 100.0 

WCED-
cc10 

20.00 96.2 100.8 69.8 101.5 2.0 93.0 

IC50 ( µM) 8.87e 100.0 29.0e 100.0  CD 30.26i 100.0 

WCEE 16 
20.00 99.6 99.7 100.5 70.4 2.0 38.3 

IC50 (µM) 5.05b 100.0 3.2b 100.0 0.15b 100.0 

WCEE 19 
20.00 99.7 99.2 100.7 96.7 5.0 69.3 

IC50 (µM) 11.81f 100.0 1.8a 100.0  CD 0.04a 100.0 

WCEE-
RM 15 

20.00 95.1 40.0 76.3 102.1 0.54 6.4 

IC50 ( µM) 12.42h 100.0 40.0e 100.0  CD 0.51e 100.0 

WCEF 09 
20.00 99.0 92.0 95.1 102.1 13.3 43.2 

IC50 (µM) 1.60a 100.0 7.1c 100.0  CD 0.23c 100.0 

WCEF-
RM 05 

20.00 97.47 100.4 31.4 102.5 0.37 9.3 

IC50 (µM) 7.02d 100.0 N.A. N.A.  CD 1.51g 100.0 

CD = concentration required to double the enzyme activity, N.A. = not applicable, µM = micro molar 
a-I = relative activity, IC50 = concentration required for 50% inhibition,  Aromatase = Aromatse 

inhibition assay, NFĸB = TNF-α activate NFĸB inhibition, iNOp = inhibition of NO production in 

LPS-activated macrophage RAW 264.7 cell, QR1 = Quinone reductase 1 induction assay  
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Table 3.4: Summarized results of cytotoxicity assay of purified compounds from 

Withania coagulans 

Compound 
code 

Concentration 
Cytotoxicity assays 

MCF-7 LU-1 
MDA-MB-

231 
KB 

(µg/ml) 
% inhibition/ 

IC50 
% inhibition/ 

IC50 
% inhibition/ 

IC50 
% inhibition/ 

IC50 

WCEC-7 
20.00 67.3 24.1 60.2 31.5 

IC50 ( µM) 32.6 N.A. 20.0 N.A. 

WCEC 11 
20.00 42.9 33.6 52.3 60.4 

IC50 ( µM) N.A. N.A. 40.8 32.2 

WCEC-RM 
16 

20.00) 39.9 N.T. N.T. N.T. 

IC50 (µM) N.A. N.T. N.T. N.T. 

WCED-cc10 
20.00 7.4 0.0 11.0 2.8 

IC50 ( µM) N.A. N.A. N.A. N.A. 

WCEE 16 
20.00 80.0 82.5 85.9 93.0 

IC50 (µM) 24.2 29.2 17.4 12.1 

WCEE 19 
20.00 64.1 60.0 63.3 85.0 

IC50 (µM) 19.2 27.5 14.8 11.4 

WCEE-RM 
15 

20.00 15.8 N.T. N.T. N.T. 

IC50 ( µM) N.A N.T. N.T. N.T. 

WCEF 09 
20.00 46.7 42.6 51.4 58.0 

IC50 (µM) N.A. N.A. 34.0 38.5 

WCEF-RM 
05 

20.00 1.8 N.T. N.T. N.T. 

IC50 (µM) N.A. N.T. N.T. N.T. 

 

N.A. = not applicable  N.T. = not tested µM = micro molar 

 

 

3.3.4. Conclusion 

W. coagulans aerial parts extracted with CHCl3: MeOH/1:1 showed good activity as 

we predicted from our preliminary work (Chapter 2) and solvent-solvent extraction 

proved to be better initial fractionation strategy. For purification of the active 

compounds, a combination of chromatographic and crystallization strategy proved to 
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be effective to isolate structurally very similar compounds. In total 9 compounds with 

multiple biological activities are isolated. These compounds can be promising source 

for new drug discovery to combat cancer. However, it seems that there is still a lot of 

potential in this plant to further isolate more biologically active compounds.    
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Characterization of isolated compounds from Withania coagulans Dunal 

 

(Charac. of Iso. Comp. from W. coagulans) 
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4.1. Introduction 

Plants are the main source of the natural compounds. Whenever a new active natural 

compound is isolated, the next major task is its structure elucidation. There are several 

techniques for structure elucidation e.g. mass spectrometery (MS), tandem mass 

spectrometry (MS-MS), X-ray crystallography, nuclear magnetic resonance (NMR), 

etc.  

In the present study 9 active compounds were isolated from W. coagulans. W. 

coagulans was selected for the isolation after an extensive screening process (chapter 

2, page 35-69) of six medicinally important plants of Pakistan for their biological 

activities by utilizing: inhibition of TNF-α activated nuclear factor kappa B (NFĸB) 

assay, inhibition of nitric oxide production in LPS-activated macrophage cells (iNOp) 

assay, induction of quinone reductase 1 (QR1) assay, and cytotoxicity assay against 

MCF-7, LU-1, KB and MDA-MB-231  cancer cells lines. These six plants were 

selected on the basis of information gathered from the local traditional healers. During 

this screening process we found that the extracts/fractions of W. coagulans showed 

the best results in multiple bioassays used in this study and also this plant had the 

oldest history of safe use in human. Characterization of the isolated compounds was 

carried out by using ESI-MS, 1D-NMR and 2D-NMR techniques. 

4.2. Materials and Methods 

For the characterization of isolated compounds Bruker 400 MHz NMR machine was 

used under the auspicious supervision of Dr. Leng Chee Chang, Assistant Professor, 

College of Pharmacy, University of Hawaii at Hilo, Hilo, USA and MS was carried 

out at Department of Chemistry at Manoa campus, University of Hawaii by the kind 

cooperation of Dr. William Philip. Interpretation of data was carried out by Dr. Leng 

Chee Chang with her post doctorial fellow (Dr. Xingyun Chai).    

4.2.1. Sample preparation for NMR spectroscopy 

For the NMR spectroscopy, to remove any moisture in the sample all the samples 

were dried in rotary evaporator for 1 hr before solution preparation. All the samples 

were dissolved in DMSO-d6 except WCED-cc 10 which was dissolved in MeOH-d4. 

Detail of the quantity of each sample and solvent used for NMR are given in table 4.1. 

4.2.2. Sample preparation for mass spectrometry 

All the samples for ESI-MS were prepared in methanol to a final concentration of 10 

µg/ml and used by direct injection method. 
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Table 4.1: Name of the compounds isolated from W. coagulans, isolation 
methodology, solvents used and quantity of the compounds for NMR spectroscopy  

S. No. 
Compound 

name 
Isolation methodology Solvent  Quantity 

1. WCEE 16 Refer to chapter 3, page no. 79 and Fig. 3.6  DMSO-d6 10.0 mg 

2. WCEE 19 Refer to chapter 3, page no. 79 and Fig. 3.6 DMSO-d6 7.8 mg 

3. WCED-CC10 Refer to chapter 3, page no. 78 and Fig. 3.5 MeOD-d4 5.3 mg 

4. WCEC-7 Refer to chapter 3, page no. 77 and Fig. 3.4 DMSO-d6 3.2 mg 

5. WCEC-RM16 Refer to chapter 3, page no. 77 and Fig. 3.4 DMSO-d6 10.0 mg 

6. WCEC 11 Refer to chapter 3, page no. 77 and Fig. 3.4 DMSO-d6 10.0 mg 

7. WCEE-RM15 Refer to chapter 3, page no. 79 and Fig. 3.6 DMSO-d6 9.0 mg 

8. WCEF 09 Refer to chapter 3, page no. 81 and Fig. 3.7 DMSO-d6 8.0 mg 

9. WCEF-CC12 Refer to chapter 3, page no. 81 and Fig. 3.7 DMSO-d6 25.0 mg 

10. WCEF-RM05 Refer to chapter 3, page no. 81 and Fig. 3.7 DMSO-d6 10.0 mg 

 

4.3. Results 

NMR spectra (1H, 13C, HSQC, HMBC, COSY and NOSY) of the compounds were 

recorded to propose the structure of the purified compound and MS spectrum was 

recorded to confirm the molecular weight of the compounds. These spectra and 

corresponding tables are given bellow against structure elucidation of each 

compound:- 

4.3.1. Structure elucidation of WCEE 16  

Compound WCEE-16 was isolated as a white amorphous powder, and its molecular 

was determined to be C28H35O6 by LR-ESI-MS [m/z 491.2469 [M+Na]+], and the 

HR-ESI-MS spectra showed peaks at m/z 491.2431 [M+Na]+. The 1H NMR spectrum 

of WCEE (Table 4.6) displayed characteristic signals for four methyl groups (H 1.17, 

1.19, 1.21, and 2.00), and two ,-unsaturated olefinic protons [H 5.79 (1H, dd, J = 

10.5, 2.4, H-2) and 6.93 (1H, ddd, J = 10.5, 2.4, 4.8)]. Furthermore, two olefinic 

protons [H 5.6 (1H, d, J = 6, H-6)] and [H 5.0 (1H, br s, H-15)] were observed. In 

addition, in the 1H-1H COSY spectrum of WCEE-16, H-3 correlated with both H-2 

and the H-4 [allylic methylene protons at H 2.85 (1H, dd, J = 21.0, 2.1, H-4), and 

3.33 (1H, dd, J = 21.0, 4.8, H-4)]. The splitting pattern of the methylene signals at 

H-4 indicated that C-4 is unsubstituted and that the vicinal C-5 bears no hydrogen 
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atom. The 13C NMR spectra of WCEE-16 disclosed 28 carbons: an ,-unsaturated 

ketone (C 203.8, C-1; C 127.3, C-2; C 147.3, C-3), an ,-unsaturated -lactone (C 

155.4, C-24; C 124.3, C-25; C 165.7, C-26), two oleifinic carbons (C 125.6, C-6; C 

117.6, C-15), one oxygenated methine (C 80.1, C-22), one oxygenated methylene (C 

54.0, C-27), two oxygenated quaternary carbons (C 86.7, C-17; C 76.7, C-20), in 

addition to four methyls, six methylenes, two methines, and four additional quaternary 

carbons. These NMR data were closely related to those of the known withanolides, 

suggesting that WCEE-16 is a withanolide (Huang et al., 2009). The structure of 

WCEE-16 was established on the basis of heteronuclear single quantum coherence 

(HSQC) and heteronuclear multiple bond connectivity (HMBC) experiments (Table 

4.6). For example, in the HSQC spectrum, the C-2, C-3 and C-6 methines (C 127.3, 

147.3, and 125.6) showed cross-peaks with H-2, H-3 and H-6 at H 5.79, 6.93 and 

5.60, respectively. The chemical shift of the deshielded C-21 methyl singlet and the 

appearance of the C-22 methine proton signals as double doublet at  H 4.6 dd (J = 13, 

3.5 Hz) indicated the presence of a hydroxy group at C-20. Further the H-22 showed 

correlation with C-20 (C 76.7), C-17 (C 86.7), and C-24 (C 155.4) in the HMBC 

spectrum. In the HMBC spectrum, H-15 showed two- and three-bond couplings to C-

16 ( 41.8), C-13 ( 54.9 and C-17 ( 86.7) indicated that an olefinic proton is 

attached to C-15. Other assignments of HMBC are given in Table 4.6. The 

stereochemistry at C-20 of WCEE-16 was determined as R on the basis of X-ray 

crystallographic diffraction analysis of previously reported withanolides unsubstituted 

at C-20 (Pan et al., 2007). The relative stereochemistry of H-22 was deduced from the 

NOESY spectrum of WCEE-16, in which correlations between protons H-22/CH3-21 

indicated that the H-22 is at -configuration. This is also consistent with the literature 

that stereochemistry at C-22 is R (-configuration) as found in all withanolides is of 

biogenetic reason (Rahman  et al., 1998). The spectroscopic analysis led to the 

structure (17R,20R,22R)-17,20,22,27-tetrahydroxy-1-oxo-Ergosta-2,5,14,24-tetraen-

26-oic acid-22,26-lactone. This is a new withanolides and given the trivial name “ 

Withacoagulin G”.  

1H NMR spectrum of WCEE-16 is given in Fig. 4.1 and 13C NMR spectrum is given 

in Fig. 4.2. HSQC, HMBC, and NOESY is shown in Fig. 4.3, 4.4, and 4.5 

respectively. These spectra are described in Table 4.2. MS results are shown Fig. 4.6 

and proposed structure and key HMBC correlation is given in Fig. 4.7.  
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Fig. 4.1: 1H NMR spectra (400 MHz, in DMSO-d6) of WCEE 16 
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Fig. 4.2: 13C NMR spectra (400 MHz, in DMSO-d6) of WCEE 16 
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Fig. 4.3: HSQC (400 MHz, in DMSO-d6) of WCEE 16 
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Fig. 4.4: HMBC (400 MHz, in DMSO-d6) of WCEE 16 
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Table 4.2: 1H and 13C NMR data (400 MHz, in DMSO-d6) of WCEE 16, δ in ppm 

No. δC δH HMBC 

1 203.8 Q   

2 127.3 CH 5.79 dd (10.5, 2.4)   50.3 (C-10), 33.2 (C-4) 

3 147.3 CH 6.93 ddd (10.5, 2.4, 4.8) 135.8 (C-5), 203.8 (C-1) 

4 33.2 CH2 2.85 dd (21, 2.1) 50.3 (C-10), 135.8 (C-5), 147.3 (C-3) 

4  3.33 dd (21, 4.8)  

5 135.8 Q   

6 125.6 CH 5.6 d (6.0) 33.2 (C-4), 50.3 (C-10) 

7 30.8 CH2 1.8 m, 2.3 – 2.5 m  

8 31.9 CH 1.9 m 150.5 (C-14), 117.6 (C-15), 54.9 (C-13) 

9 41.3 CH 1.8 m  

10 50.3 Q   

11 24.3 CH2 1.55 m, 2.15 m  

12α 28.8 CH2 2.25 m  

12β  2.0 m  

13 54.9 Q   

14 150.5 Q   

15 117.6 Q 5.15 s 41.8 (C-16), 54.9 (C-13), 86.7 (C-17) 

16 41.8 CH2 2.3 m, 3 m 117.6 (C-15), 150.5 (C-14)  

17 86.7 Q   

18 18.7 CH3 1.21 s 54.9 (C-13), 150.5 (C-14) 

19 21.5 CH2 1.19 s 203.8 (C-1), 135.8 (C-5), 50.3 (C-10) 

20 76.7 Q   

21 19.5 CH3 1.17 s 76.7 (C-20), 86.7 (C-17), 80.1 (C-22) 

22 80.1 CH 4.6 dd (13, 3.5) 155.4 (C-24), 86.7 (C-17), 76.7 (C-20) 

23 32.0 CH2   

24 155.4 Q   

25 124.3 Q   

26 165.7 Q   

27 54.0 CH2 
4.15 d (11.7), 4.56 d 
(11.8)

124.3 (C-25), 155.4 (C-24), 165.7 (C-26) 

28 20.5 CH3 2.0 s 155.4 (C-24), 124.3 (C-25), 32.0 (C-23) 

OH-C17  4.2 s 
86.7 (C-17), 41.8 (C-16), 54.9 (C-13), 76.7 (C-
20) 

OH-C20  4.35 s 76.7 (C-20), 86.7 (C-17), 19.5 (C-21) 
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Fig. 4.6: MS of WCEE 16 (Molecular ion peak at [M + Na] + = 491.2469, 

corresponding to the molecular formula C28H36O6 = 468) 

 

  

Proposed structure HMBC correlation (H -- C) 

 

Fig. 4.7:  Proposed structure and key HMBC correlation of WCEE 16 
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4.3.2. Structure elucidation of WCEE 19  

WCEE-19 was obtained as a white amorphous powder. The molecular formula of 

C28H37O6, 2 mass units higher than that obtained for WCEE-16, was determined on 

the basis of its LR-ESI-MS [m/z 493.2630 [M+Na]+], and the HR-ESI-MS spectra 

showed peaks at m/z 493.2575 [M+Na]+. The 1H and 13C NMR data of WCEE-19 

(Table 4.3) exhibited characteristic signals for a withanolide skeleton. The 1H NMR 

data for WCEE 16 and WCEE 19 were almost identical, with the exceptions that 

signals for a pair of methylene protons (H 1.1 (1H, m, H-15), and 1.55 (1H, m, H-15) 

in WCEE-19 rather than the olefinic proton for H-15 of ring D in WCEE-16. 

Accordingly, the 13C NMR spectrum of WCEE-19 exhibited signals for a methylene 

group at C 24.0 (C-15) and a methine at C 52.0 (C-14) but lacked resonances for a 

olefinic carbons at C 117.9 (C-15) and a quaternary carbon at C 150.5 (C-14) 

compared to WCEE-16. NOESY data of WCEE-16 and WCEE-19 were analogous 

and indicated that H-22 and hydroxyl group of C-17 also has an –orientation. Hence 

compound WCEE-19 was determined to be (17R,20R,22R)-17,20,22,27-tetrahydroxy-

1-oxo-Ergosta-2,5,24-trien-26-oic acid-22,26-lactone. This is also a new compound  

and given the trivial name “Withacoagulin H”.  

1H NMR spectrum of WCEE 19 is given in Fig. 4.8, 13C NMR spectrum is given in 

Fig. 4.9. HSQC, HMBC, COSY and NOESY is shown in Fig. 4.10, 4.11, 4.12 and 

4.13 respectively. These spectra are described in Table 4.3. MS results are shown Fig. 

4.14 and proposed structure is given in Fig. 4.15. 
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Fig. 4.8: 1H NMR spectra (400 MHz, in DMSO-d6) of WCEE 19. 
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Table 4.3: 1H and 13C NMR data (400 MHz, in DMSO-d6) of WCEE-19, δ in ppm 

No. δC δH HMBC 

1 204.1 Q   

2 127.2 CH 5.79 dd (10.5, 2.4)   50.3 (C-10), 33.3 (C-4) 

3 147.3 CH 6.93 ddd (10.5, 2.4, 4.8) 136.4 (C-5), 204.1 (C-1) 

4 33.3 CH2 2.88 dd (21, 2.1) 50.3 (C-10), 136.4 (C-5), 147.3 (C-3) 

4  3.33 dd (21, 4.8)  

5 136.4 Q   

6 125.6 CH 5.6 d (6.0) 33.3 (C-4), 50.3 (C-10) 

7 30.9 CH2 1.9 m, 1.5 m  

8 32.8 CH 1.9 m  

9 41.7 CH 1.8 m  

10 50.3 Q   

11 23.5 CH2 1.45 m, 2.05 m  

12 32.4 CH2   

13 48.5 Q   

14 50.5 CH  1.75 m  

15 23.8 CH2 1.1 m, 1.55 m  

16 33.0 CH2 1.38 m, 1.82 m  

17 86.5 Q   

18 15.7 CH3 0.92 s 48.5 (C-13), 86.7 (C-17) 

19 19.0 CH2 1.16 s 
204.1 (C-1), 135.8 (C-5), 41.7 (C-9), 50.3 (C-
10) 

20 77.3 Q   

21 20.0 CH3 1.21 s 77.3 (C-20), 86.5 (C-17), 80.2 (C-22) 

22 80.2 CH 4.6 dd (13, 3.5) 155.4 (C-24), 86.5 (C-17), 77.3 (C-20) 

23 32.1 CH2 2.45 m  

24 155.4 Q   

25 124.7 Q   

26 165.7 Q   

27 54.9 CH2 
4.15 d (11.7), 4.56 d 
(11.8) 

124.7 (C-25), 155.4 (C-24), 165.6 (C-26) 

28 20.4 CH3 2.0 s 155.4 (C-24), 124.3 (C-25), 32.1 (C-23) 

OH-C17  4.1 s 
86.5 (C-17), 33.0 (C-16), 48.5 (C-13), 77.3 (C-
20) 

OH-C20  4.35 s 77.3 (C-20), 86.5 (C-17), 20.0 (C-21) 
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Fig. 4.14: MS of WCEE 19 (molecular ion peak at [M + Na] + = 493.2630, 

corresponding to the molecular formula C28H38O6 = 470)  
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Fig. 4.15: Proposed structure of WCEE 19 

 

4.3.3. Structure elucidation of WCED-cc10  

Compound WCED-cc10 was isolated as a white powder. WCED-cc10 was shown to 

have the molecular formula C28H38O6 from a molecular ion peak at m/z 493.2563 in 

the HR-ESI-MS ([M+Na]+) analysis. The 1H NMR spectrum of WCED-cc10 (Table 

4.4) displayed characteristic signals for five methyl groups (H 1.16, 1.28, 1.30, 1.77 

and 1.89) and two olefinic protons [H 6.08 (1H, dd, J = 9.9, 1.8 H-4)] and [H 5.71 

(1H, br d, H-6)]. The 13C NMR spectra of WCED-cc10 disclosed 28 carbons: five 

methyl groups (C 12.5, 17.8, 17.9, 20.4, 20.7), seven methylenes, three methines (one 

oxygenated at C 82.3), and 10 quaternary carbons (three oxygenated quaternary 

carbons (C 87.3, C-17; C 77.4, C-20; C 83.3, C-20), one carbonyl at C 210.6 and 

one lactone carbonyl at C 166.0). These NMR data were closely related to those of 

the known withanolides, suggesting that WCED-cc10 is a withanolide (Huang et al., 

2009). The structure of WCED-cc10 was established on the basis of heteronuclear 

single quantum coherence (HSQC) and heteronuclear multiple bond connectivity 

(HMBC) experiments (Table 4.4). From these data, WCED-cc10 differs from WCEE 

19 in the A and D rings substitution. While WCEE 19 contains a ,-unsaturated 

ketone (C 203.8, C-1; C 127.3, C-2; C 147.3, C-3), WCED-cc10 has a 

nonconjugated ketone (C 210.6, C-1). In addition, the 13C NMR spectrum of WCED-

cc10 exhibited additional signals for a hydroxy group at C 83.3, C-14 while lack of 
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resonances at C 55.0, C-27 (CH2OH). Further confirmation was found in a HMBC 

experiment, which showed correlations between the OH-14 and the C-13 (C 54.0), C-

14 (C 83.3), and C-8 (C 35.9), respectively. In addition, HMBC correlations between 

CH3-18 and the C-13 (C 54.0), C-17 (C 87.3), C-14 (C 83.3) confirm the location of 

OH-14. The stereochemistry at C-20 of WCEE 16 was determined as R on the basis 

of X-ray crystallographic diffraction analysis of previously reported withanolides 

unsubstituted at C-20 (Pan et al., 2007). The relative configuration of the stereogenic 

centers was determined by NOESY experiments. The relative stereochemistry of OH-

14 was deduced from the NOESY spectrum of WCED-cc10, in which correlations 

between protons OH-14/CH3-18 and OH-14/OH-20 indicated that the OH-14 is at -

configuration (Figure 4.22). The relative stereochemistry of OH-17 was deduced from 

the NOESY spectrum of WCED-cc10, in which correlations between protons OH-

17/CH3-21 indicated that the OH-17 is at -configuration (Table 4.4 and Figure 4.22). 

These spectroscopic analysis led to the structure (14S,17R,20R,22R)-14,17,20,22-

tetrahydroxy-1-oxo-Ergosta-2,5,24-trien-26-oic acid-22,26-lactone. This is also a new 

compound and given the trivial name “Withacoagulin I”.  

1H NMR spectrum of WCED-cc10 is given in Fig. 4.16 and 13C NMR spectrum is 

given in Fig. 4.17. HSQC, HMBC, COSY and NOESY are shown in Fig. 4.18, 4.19, 

4.20 and 4.21 respectively. These spectra are described in Table 4.4 and proposed 

structure and NOESY correlation is given in Fig. 4.22. 
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Fig. 4.16: 1H NMR spectra (400 MHz, in MeOH-d4) of WCED-cc 10 
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Fig. 4.20: COSY (400 MHz, in MeOH-d4) of WCED-cc10 
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Table 4.4: 1H and 13C NMR data (400 MHz, in MeOH-d4) of WCED-cc10, δ in ppm 

No. δC δH HMBC NOESY 

1 210.6 Q    

2 40.1 CH2 
2.64 dd (20.2, 
2.1), 3.39 dd  
(20.2, 2.1) 

120.0 (C-3), 128.5 (C-4), 210.6 (C-
1) 

 

3 120.0 CH 5.66 m  140.1 (C-5), 210.6 (C-1)  

4 128.5 CH 
6.08 dd (9.9, 
1.8)  

51.7 (C-10), 140.1 (C-5), 40.1 (C-2)  

5 140.1 Q    

6 127.5 CH 5.71 br d (6) 36.0 (C-8), 51.7 (C-10)  

7 21.7 CH2 1.68 m   

8 36.0 CH 1.68 m   

9 36.0 CH 1.82 m   

10 51.7 Q    

11 22.0 CH2 1.20 - 1.51 m   

12 26.0 CH2 1.6 m, 2.30 m   

13 54.0 Q    

14 83.3 Q    

15 33.0 CH2 2.0 m, 1.7 m   

16 33.2 CH2 1.56 m, 2.55 m   

17 87.3 Q    

18 17.3 CH3 1.16 s 
53.9 (C-13), 87.3 (C-17), 83.3 (C-
14) 

OH-C14, OH-C20 

19 19.9 CH3 1.28 s 
210.6 (C-1), 140.1 (C-5), 51.7 (C-
10), 36.0 (C-9) 

 

20 77.3 Q    

21 17.5 CH3 1.30 s 
77.3 (C-20), 87.3 (C-17), 82.3 (C-
22) 

H-22, H-23 

22 82.3 CH 4.46 dd (13, 3.2) 151.1 (C-24), 17.5 (C-21)   

23 31.8 CH2 2.35 m   

24 151.1 Q    

25 121.9 Q    

26 166.0 Q    

27 12.1 CH3 1.77 s 
121.9 (C-25), 151.1 (C-24), 166.0 
(C-26) 

 

28 20.2 CH3 1.90 s 
151.1 (C-24), 121.9 (C-25), 31.8  
(C-23) 

 

OH-
C17 

 4.42 s 
87.3 (C-17), 77.3 (C-20), 33.2 (C-
16)  

CH3- C21 

OH-
C14 

 5.53 s 53.9 (C-13), 83.3 (C-14), 36.0 (C-8) 
OH-C20, CH3- 
C18 

OH-
C20 

 6.32 s 87.3 (C-17), 77.3 (C-20) 
OH-C14, CH3-
C18, CH3-C21   

 



 

 

Ch. No. 4: Charac. of Iso. Comp. from W. coagulans�

128 

 

 

 

MS molecular ion peak at [M +Na] + = 493.2563, corresponding to the molecular 

formula C28H38O6 =470  

Proposed structure NOESY correlation  

 

Fig. 4.22: MS, proposed structure and NOESY correlation of WCED-cc 10 
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4.3.4. Structure elucidation of WCEC-7  

The compound WCEC-7 was isolated as colorless crystalline powder. The 1H NMR 

spectrum of WCEC-7 (Table 4.5) displayed characteristic signals for five methyl 

groups (H 1.08, 1.18, 1.24, 1.79 and 1.94) and 13C NMR spectra of WCEC-7 

disclosed 28 carbons: five methyl groups (C 12.7, 18.6, 20.7, 22.2, and 24.7), six 

methylenes, seven methines (one oxygenated at C 81.0), and 10 quaternary carbons 

(two oxygenated quaternary carbons (C 74.1, C-20; C 83.8, C-14), one carbonyl at 

C 204.1 and one lactone carbonyl at C 165.8). These NMR data were closely related 

to those of the known withanolides, (Huang et al., 2009) and named as 14β, 20β-

dihyroxy-1-oxowitha 2,5,16,24-tetraenolide and is a known withanolide already 

reported by Velde and Lavie (1982). 1H NMR spectrum of WCEC-7 is given in Fig. 

4.23, 13C NMR spectrum is given in Fig. 4.24, HSQC and HMBC are shown in Fig. 

4.25 and 4.26 respectively. These spectra are described in Table 4.5 and proposed 

structure is given in Fig. 4.27. 
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Fig. 4.23: 1H NMR spectra (400 MHz, in DMSO-d6) of WCEC-7  
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Fig. 4.24: 13C NMR spectra (400 MHz, in DMSO-d6) of WCEC-7 
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Fig. 4.25: HSQC (400 MHz, in DMSO-d6) of WCEC-7 
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Fig. 4.26: HMBC (400 MHz, in DMSO-d6) of WCEC-7 
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Table 4.5: 1H and 13C NMR data (400 MHz, in DMSO-d6) of WCEC-7, δ in ppm  

No. δC δH HMBC 

1 204.1 Q   

2 127.4 CH 5.79 dd (10.5, 2.4)    

3 147.1 CH 
6.93 ddd (10.5, 2.4, 
4.8) 

 

4 33.4 CH2 2.87 dd (21.6, 4.8) 50.7 (C-10), 135.9 (C-5) 

4  3.33 dd (21, 4.8)  

5 135.9 Q   

6 125.2 CH 5.62 d (6.0) 33.4 (C-4), 50.7 (C-10) 

7 25.5 CH2 1.76 m  

8 36.1 CH 1.9 m  

9 34.6 CH 1.8 m  

10 50.7 Q   

11 22.26 CH2 1.55 m, 2.15 m  

12 27.9 CH2 1.95 m, 2.25 m  

13 52.0 Q   

14 83.8 Q   

15 32.6 CH2 2.2 m 123.6 (C-16), 156.7 (C-17)   

16 123.6 CH 5.62 br s 52.0 (C-13), 156.7 (C-17) 

17 156.7 Q   

18 22.2 CH3 1.08 s 
27.9 (C-12), 52.0 (C-13), 83.8 (C-14), 156.7 (C-
17) 

19 18.6 CH3 1.18 s 
204.1 (C-1), 135.9 (C-5), 50.7 (C-10), 34.6 (C-
9)  

20 74.1 Q   

21 24.7 CH3 1.24 s 74.1 (C-20), 156.7 (C-17), 81.0 (C-22) 

22 81.0 CH 4.28 dd (13.8, 3.6) 151.4 (C-24), 156.7 (C-17), 76.7 (C-20) 

23 31.7 CH2 2.3-3.29  m  

24 151.4 Q   

25 120.3 Q   

26 165.8 Q   

27 12.7 CH3 1.79 s 120.3 (C-25), 151.4 (C-24), 165.8 (C-26) 

28 20.7 CH3 1.94 s 151.4 (C-24), 120.3 (C-25), 31.7 (C-23) 

OH-C14  3.3 s 36.8 (C-8), 83.4 (C-14) 

OH-C20  4.93 s 
24.7 (C-21), 74.1 (C-20), 81.0 (C-22), 156.7 (C-
17) 
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Fig. 4.27: Proposed structure of WCEC-7 (C28H36O5) 

 

4.3.5. Structure elucidation of WCEC-RM 16 

The compound WCEC-7 was isolated as almost white crystalline powder. WCEC-RM 

16 was shown to have the molecular formula C28H38O5 from a molecular ion peak at 

m/z 477.2632 in the ESI-MS ([M+Na]+) analysis. The 1H NMR spectrum of WCEC-

RM 16 (Table 4.6) displayed characteristic signals for five methyl groups (H 1.15, 

1.19, 1.27, 1.77 and 2.0) and 13C NMR spectra of WCEC-RM 16 disclosed 28 

carbons: five methyl groups (C 12.6, 19.0, 19.1, 20.5,  21.2), six methylenes, seven 

methines (one oxygenated at C 81.9), and 10 quaternary carbons (two oxygenated 

quaternary carbons (C 74.7, C-20; C 83.8, C-14), one carbonyl at C 203.8 and one 

lactone carbonyl at C 163.6). These NMR data were completely related to that of the 

known withanolide, named as (20R, 22R) 14β, 20β-dihyroxy-1-oxowitha 2,5,24-

trienolide (Withacoagulin E) reported by Huang et al. (2009). 1H NMR spectrum of 

WCEC-RM 16 is given in Fig. 4.28 and 13C NMR spectrum is given in Fig. 4.29. 

HSQC, HMBC and COSY is shown in Fig. 4.30, 4.31 and 4.32 respectively. These 

spectra are described in Table 4.6. Results of MS are shown in Fig 4.33 and proposed 

structure is given in Fig. 4.34.  
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Fig. 4.28: 1H NMR spectra (400 MHz, in DMSO-d6) of WCEC-RM 16  
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Fig. 4.29: 13C NMR spectra (400 MHz, in DMSO-d6) of WCEC-RM 16  
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Fig. 4.30: HSQC (400 MHz, in DMSO-d6) of WCEC-RM 16  
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Fig. 4.31: HMBC (400 MHz, in DMSO-d6) of WCEC-RM 16  
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Fig. 4.32: COSY (400 MHz, in DMSO-d6) of WCEC-RM 16  
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Table 4.6: 1H and 13C NMR data (400 MHz, in DMSO-d6) of WCEC-RM16, δ in ppm  

No. δC δH HMBC 

1 203.8 Q   

2 127.3 CH 5.80 dd (10.0, 1.9)   33.2 (C-4), 50.7 (C-10) 

3 147.4 CH 6.93 ddd (10.0, 2.4, 4.8) 203.8 (C-1), 127.3 (C-2) 

4 33.2 CH2 2.80 dd (21.6, 4.8) 
203.8 (C-1), 127.3 (C-2), 147.4 (C-3), 135.4 
(C-5), 125.2 (C-6) 

4  3.33 m   

5 135.4 Q   

6 125.2 CH 5.62 br s 33.2 (C-4) 

7 26.4 CH2 1.68 m  

8 37.4 CH 1.62 m  

9 38.8 CH 1.90-1.93 m  

10 50.7 Q   

11 23.2 CH2 1.77 m  

12 41.3 CH2 1.41 m  

13 48.4 Q   

14 83.8 Q   

15 32.1 CH2 1.40 - 1.77 m  

16 21.4  CH 1.42 -1.90 m  

17 55.6 Q 1.77 m   

18 19.0  CH3 1.19 s 41.3 (C-12), 48.4 (C-13), 55.6 (C-17) 

19 19.1 CH3 1.15 s 
203.8 (C-1), 135.7 (C-5),  
38.8 (C-9), 50.7 (C-10)  

20 74.7 Q   

21 21.2 CH3 1.27 s 74.7 (C-20), 55.6 (C-17), 81.9 (C-22) 

22 81.9 CH 4.26 dd (12.8, 3.6) 74.7 (C-20), 21.2 (CH3-21) 

23 31.7 CH2 2.31-3.29 m  

24 150.6 Q   

25 120.6 Q   

26 166.3 Q   

27 12.6 CH3 1.77   150.6 (C-24), 120.6 (C-25), 166.3 (C-26) 

28 20.5 CH3 2.0 s 150.6 (C-24), 120.6 (C-25) 
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Fig. 4.33: MS of WCEC-RM 16 (molecular ion peak at [M + Na] + = 477.2632, 

corresponding to the molecular formula C28H38O5 = 454)  
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Fig. 4.34: Proposed structure of WCEC-RM 16 

 

4.3.6. Structure elucidation of WCEC 11 

The compound WCEC 11 was isolated as transparent shiny fine needle like crystals. 

WCEC 11 was shown to have the molecular formula C28H38O6 from a molecular ion 

peak at m/z 493.2599 in the ESI-MS ([M+Na]+) analysis. The 1H NMR spectrum of 

WCEC 11 (Table 4.7) displayed characteristic signals for five methyl groups (H 1.04, 

1.17, 1.18, 1.76 and 1.91) and 13C NMR spectra of WCEC 11 disclosed 28 carbons: 

five methyl groups (C 12.5, 18.5, 18.8, 19.9,  20.7), six methylenes, seven methines 

(one oxygenated at C 80.0), and 10 quaternary carbons (three oxygenated quaternary 

carbons (C 76.9, C-20; C 85.3, C-14; C 87.7, C-17), one carbonyl at C 204.1 and 

one lactone carbonyl at C 166.4). These NMR data were completely related to that of 

the known compound “withanolides F” reported by Huang et al. (2009). 1H NMR 

spectrum of WCEC 11 is given in Fig. 4.35, 13C NMR spectrum is given in Fig. 4.36, 

HSQC, HMBC and COSY is shown in Fig. 4.37, 4.38 and 4.39 respectively. These 

spectra are described in Table 4.7. MS results are shown in Fig. 4.40 and proposed 

structure is given in Fig. 4.41.  
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Fig. 4.35: 1H NMR spectra (400 MHz, in DMSO-d6) of WCEC 11 
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Fig. 4.36: 13C NMR spectra (400 MHz, in DMSO-d6) of WCEC 11 
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Fig. 4.37: HSQC (400 MHz, in DMSO-d6) of WCEC 11 
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Fig. 4.38: HMBC (400 MHz, in DMSO-d6) of WCEC 11 
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Fig. 4.39: COSY (400 MHz, in DMSO-d6) of WCEC 11 
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Table 4.7: 1H and 13C NMR data (400 MHz, in DMSO-d6) of WCEC 11, δ in ppm  

No. δC δH HMBC 

1 204.1 Q   

2 127.4 CH 5.79 dd (10.0, 1.9)   33.3 (C-4), 50.5 (C-10) 

3 147.1 CH 6.93 ddd (10.0, 2.4, 4.8) 33.3 (C-4), 135.8 (C-5) 

4 33.3 CH2 2.86 dd (21.6, 4.8) 
50.5 (C-10), 135.8 (C-5), 147.1 (C-3), 124.9 
(C-6)

4  3.33 m   

5 135.8 Q   

6 124.9 CH 5.62 br s 
24.9 (C-7), 33.3 (C-4),  
50.5 (C-10) 

7 24.9 CH2   

8 36.2 CH 1.75 m 
35.8 (C-9), 51.6 (C-13), 24.9 (C-7), 22.2 (C-
11), 85.3 (C-14)  

9 35.8 CH 2.1 m  

10 50.5 Q   

11 22.2 CH2   

12 27.1 CH2 1.5 m, 2.35 m  

13 51.6 Q   

14 85.3 Q   

15 33.0 CH2 2.0 m, 1.7 m  

16 33.7 CH 2.7 t (12.8), 2.30 m 76.9 (C-20), 87.7 (C-17) 

17 87.7 Q   

18 18.5 CH3 1.04 s 
27.1 (C-12), 51.6 (C-13), 85.3 (C-14), 87.7 
(C-17)

19 19.9 CH3 1.18 s 135.8 (C-5), 50.5 (C-10), 35.8 (C-9)  

20 76.9 Q   

21 18.8 CH3 1.17 s 76.9 (C-20), 87.7 (C-17), 80.0 (C-22) 

22 80.0 CH 4.55 dd (12.8, 3.6) 
151.1 (C-24), 87.7 (C-17), 76.9 (C-20), 18.8 
(CH3-21), 31.6 (C-23) 

23 31.6 CH2 2.35  m 151.1 (C-24), 120.3 (C-25), 20.7 (CH3-28) 

24 151.1 Q   

25 120.3 Q   

26 166.4 Q   

27 12.5 CH3 1.76 s 120.3 (C-25), 151.1 (C-24) 

28 20.7 CH3 1.91 s 
151.1 (C-24), 120.3 (C-25), 31.6 (C-23), 
12.5 (CH3-27) 

 OH-C14 4.43 s  

 OH-C20 5.86 s  

 OH-C17 5.16 s  
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Fig. 4.40: MS of WCEC 11 (molecular ion peak at [M + Na]+ = 493.2599, 

corresponding to the molecular formula C28H38O6 = 470) 
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Fig. 4.41: Proposed structure of WCEC 11 

 

4.3.7. Structure elucidation of WCEE-RM 15 

The compound WCEC-7 was isolated as light yellow crystalline powder. WCEE-RM 

15 was shown to have the molecular formula C28H38O5 from a molecular ion peak at 

m/z 475.2480 in the ESI-MS ([M+Na]+) analysis. The 1H NMR spectrum of WCEE-

RM 15 (Table 4.8) displayed characteristic signals for four methyl groups (H 1.06, 

1.23, 1.23 and 2.0) and 13C NMR spectra of WCEE-RM 15 disclosed 28 carbons: four 

methyl groups (C 18.7, 19.2, 20.3, 20.6), seven methylenes, seven methines (one 

oxygenated at C 81.2), and 10 quaternary carbons (one oxygenated quaternary 

carbons (C 73.9, C-20), one carbonyl at C 203.7 and one lactone carbonyl at C 

165.6). These NMR data were completely related to that of the known compound 

“withacoagulin” repoted by Rahman et al. (2003) and Huang et al. (2009). 1H NMR 

spectrum of WCEE-RM 15 is given in Fig. 4.42 and 13C NMR spectrum is given in 

Fig. 4.43.  HSQC and HMBC are shown in Fig. 4.44 and 4.45 respectively. These 

spectra are described in Table 4.8. MS results are shown in Fig. 4.46 and proposed 

structure is given in Fig. 4.47.  
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Fig. 4.42: 1H NMR spectra (400 MHz, in DMSO-d6) of WCEE-RM 15 
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Fig. 4.43: 13C NMR spectra (400 MHz, in DMSO-d6) of WCEE-RM 15 
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Fig. 4.44: HSQC (400 MHz, in DMSO-d6) of WCEE-RM 15 
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 Fig. 4.45: HMBC (400 MHz, in DMSO-d6) of WCEE-RM 15 
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Table 4.8: 1H and 13C NMR data (400 MHz, in DMSO-d6) of WCEE-RM 15, δ in 

ppm  

No. δC δH HMBC 

1 203.7 Q   

2 127.2 CH 5.80 dd (10.0, 1.9)   33.2 (C-4), 50.4 (C-10) 

3 147.3 CH 6.93 ddd (10.0, 2.4, 4.8) 203.7 (C-1), 127.2 (C-2) 

4 33.2 CH2 2.80 dd (21.6, 4.8) 
203.7 (C-1), 127.2 (C-2), 147.3 (C-3), 136.4 (C-
5), 124.2 (C-6) 

4  3.33 m   

5 136.4 Q   

6 124.2 CH 5.62 br s  

7 31.7 CH2 1.68 m  

8 30.3 CH 2.1-2.4 m  

9 42.8 CH 2.02 m  

10 50.4 Q   

11 24.3 CH2 1.86 m  

12 28.8 CH2 1.90-2.2 m  

13 47.3 Q   

14 153.1 Q   

15 118.6 CH2 5.23 br s  

16 41.7 CH 1.42 -1.90 m  

17 57.1 Q 2.02 m   

18 19.2 CH3 1.06 s 47.3 (C-13), 57.1 (C-17) 

19 18.7 CH3 1.23 s 
203.7 (C-1), 136.4 (C-5),  
42.8 (C-9), 50.4 (C-10)  

20 73.9 Q   

21 20.6 CH3 1.23 s 73.9 (C-20), 57.1 (C-17), 81.2 (C-22) 

22 81.2 CH 4.10 dd (12.8, 3.6) 73.9 (C-20), 20.6 (CH3-21) 

23 31.4 CH2 2.31-3.29 m  

24 155.2 Q   

25 125.8 Q   

26 165.6 Q   

27 54.9 CH2 
4.15 d (11.7), 4.56 d 
(11.8) 

155.2 (C-24), 125.8 (C-25), 165.6 (C-26) 

28 20.3 CH3 2.0 s 155.2 (C-24), 125.8 (C-25) 
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Fig. 4.46: MS of WCEE-RM 15 (molecular ion peak at [M +Na]+ = 475.2480, 

corresponding to the molecular formula C28H36O5 = 452) 

 

 

 

Fig. 4.47: Proposed structure of WCEE-RM 15 
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4.3.8. Structure elucidation of WCEF 09/WCEF-cc 12  

The compound WCEF 09/WCEF-cc 12 were isolated as white powder / needle like 

crystals. WCEF 09/WCEF-cc 12 were shown to have the molecular formula C28H38O7 

from a molecular ion peak at m/z 509.2552 / 509.2531 in the ESI-MS ([M+Na]+) 

analysis. The 1H NMR spectrums of WCEF 09 and WCEF-cc 12 completely match 

each other. The 1H NMR spectrum of WCEF 09/WCEF-cc 12 (Table 4.9) displayed 

characteristic signals for four methyl groups (H 1.04, 1.17, 1.18, and 2.0) and 13C 

NMR spectra of WCEF-cc 12 disclosed 28 carbons: four methyl groups (C 18.5, 

18.9, 20.0 and 20.5), seven methylenes, seven methines (one oxygenated at C 79.9), 

and 10 quaternary carbons (three oxygenated quaternary carbons (C 33.7, C-16; 77.0, 

C-20; C 85.2, C-14), one carbonyl at C 204.0 and one lactone carbonyl at C 165.7). 

These NMR data were completly related to that of the known compound “coagulansin 

A” reported by Jahan et al. (2010). 1H NMR spectrum of WCEF 09 is given in Fig. 

4.48 and MS results are shown Fig. 4.49. 1H NMR spectrum of WCEF-cc 12 is given 

in Fig. 4.50, 13C NMR spectrum is given in Fig. 4.51, and COSY is shown in Fig. 

4.52. These spectra are described in Table 4.9. MS results are shown in Fig. 4.53 and 

proposed structure is given in Fig. 4.54.  
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Fig. 4.48: 1H NMR spectra (400 MHz, in DMSO-d6) of WCEF 09 
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Fig. 4.49: MS of WCEF 09 (molecular ion peak at [M +Na]+ = 509.2552, 

corresponding to the molecular formula C28H38O7 = 486) 
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Fig. 4.50: 1H NMR spectra (400 MHz, in DMSO-d6) of WCEF-cc12 
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Fig. 4.51: 13C NMR spectra (400 MHz, in DMSO-d6) of WCEF-cc 12 
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Fig. 4.52: COSY (400 MHz, in DMSO-d6) of WCEF-cc12 
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Table 4.9: 1H and 13C NMR data (400 MHz, in DMSO-d6) of WCEF-cc12/WCEF 09, 

δ in ppm 

No. δC δH HMBC 

1 204.0 Q   

2 127.4 CH 5.79 dd (10.0, 2)   33.3 (C-4), 50.5 (C-10) 

3 147.1 CH 6.93 ddd (10.0, 2.3, 4.8) 33.3 (C-4), 135.8 (C-5) 

4 33.3 CH2 2.86 dd (21, 4.8) 
50.5 (C-10), 135.8 (C-5), 147.1 (C-3), 125.6 
(C-6) 

4  3.33 m   

5 135.8 Q   

6 125.6 CH 5.62 br s 
24.9 (C-7), 33.3 (C-4),  
50.5 (C-10) 

7 24.9 CH2   

8 36.2 CH 1.75 m 
35.8 (C-9), 51.6 (C-13), 24.9 (C-7), 22.3 (C-
11), 85.2 (C-14)  

9 35.8 CH 2.1 m  

10 50.5 Q   

11 22.3 CH2   

12 27.1 CH2 1.5 m, 2.35 m  

13 51.6 Q   

14 85.2 Q   

15 33.0 CH2 2.0 m, 1.7 m  

16 33.7 CH 2.7 t (12.8), 2.30 m 77.0 (C-20), 87.7 (C-17) 

17 87.7 Q   

18 18.5 CH3 1.04 s 
27.1 (C-12), 51.6 (C-13), 85.2 (C-14), 87.7 (C-
17) 

19 20.0 CH3 1.18 s 
135.8 (C-5), 50.5 (C-10), 35.8 (C-9), 204.0 (C-
1)  

20 77.0 Q   

21 18.9 CH3 1.17 s 77.0 (C-20), 87.7 (C-17), 79.9 (C-22) 

22 79.9 CH 4.55 dd (12.8, 3.6) 
155.3 (C-24), 87.7 (C-17), 77.0 (C-20), 18.9 
(CH3-21), 31.8 (C-23) 

23 31.8 CH2 2.35  m 155.3 (C-24), 124.9 (C-25), 20.5 (CH3-28) 

24 155.3 Q   

25 124.9 Q   

26 165.7 Q   

27 54.9 CH2 4.6 m, 4.13 m 124.9 (C-25), 155.3 (C-24) 

28 20.5 CH3 2.0 s 155.3 (C-24), 124.9 (C-25), 31.8 (C-23) 

C20-OH  4.50 s 87.7 (C-17), 77.0 (C-20) 

C17-OH  5.80 s 51.6 (C-13), 87.7 (C17), 77.0 (C-20) 

C14-OH  5.17 s 51.6 (C-13), 85.2 (C-14) 
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Fig. 4.53: MS of WCEF-cc 12 (molecular ion peak at [M + Na]+ = 509.2531, 

corresponding to the molecular formula  C28H38O7 = 486)  

 

 

Fig. 4.54: Proposed structure of WCEF 09/WCEF-cc 12 
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4.3.9. Structure elucidation of WCEF-RM 05 

The compound WCEF-RM 05 was isolated as yellowish powder. WCEF-RM 05 was 

shown to have the molecular formula C28H38O6 from a molecular ion peak at m/z 

493.2572 in the ESI-MS ([M+Na]+) analysis. The 1H NMR spectrum of WCEF-RM 

05  (Table 4.10) displayed characteristic signals for four methyl groups (H 0.93, 1.15, 

1.16 and 2.02) and 13C NMR spectra of WCEF-RM 05 disclosed 28 carbons: four 

methyl groups (C 17.5, 18.9, 20.4 and 21.3), seven methylenes, seven methines (one 

oxygenated at C 81.7), and 10 quaternary carbons (two oxygenated quaternary 

carbons (C 74.8, C-20; C 83.2, C-14), one carbonyl at C 204.2 and one lactone 

carbonyl at C 165.8). These NMR data were closely related to those of the known 

withanolides (Huang et al., 2009), named as (20R, 22R) 14, 20, 27-trihyroxy-1-

oxowitha 2, 5, 24-trienolide. This is a known withanolide already reported by Gottlieb 

et al. (1980). However we need more NMR experiments to confirm the configuration 

of C14-OH and C20-OH. 1H NMR spectrum of WCEF-RM 05 is given in Fig. 4.55, 

13C NMR spectrum is given in Fig. 4.56, HSQC, HMBC and COSY is shown in Fig. 

4.57, 4.58 and 4.59 respectively. These spectra are described in Table 4.10. MS 

results are shown in Fig. 4.60 and proposed structure is given in Fig. 4.61.  
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Fig. 4.55: 1H NMR spectra (400 MHz, in DMSO-d6) of WCEF-RM 05 
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Fig. 4.56: 13C NMR spectra (400 MHz, in DMSO-d6) of WCEF-RM 05 
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Fig. 4.57: HSQC (400 MHz, in DMSO-d6) of WCEF-RM 05 
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Fig. 4.58: HMBC (400 MHz, in DMSO-d6) of WCEF-RM 05 
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Fig. 4.59: COSY (400 MHz, in DMSO-d6) of WCEF-RM 05 
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Table 4.10: 1H and 13C NMR data (400 MHz, in DMSO-d6) of WCEF-RM05, δ in 

ppm  

No. δC δH HMBC 

1 204.2 Q   

2 127.5 CH 5.77 dd (10.0, 1.9)   33.3 (C-4), 50.5 (C-10) 

3 147.1 CH 6.90 ddd (10.0, 2.4, 4.8) 204.2 (C-1), 127.5 (C-2), 33.3 (C-4) 

4 33.3 CH2 2.87 dd (21.6, 4.8) 
127.5 (C-2), 147.1 (C-3), 50.5 (C-10), 135.7 
(C-5) 

4  3.33 m   

5 135.7 Q   

6 126.0 CH 5.59 br s 35.9 (C-9), 50.5 (C-10) 

7 25.4 CH2 1.68-2.07 m  

8 35.4 CH 1.71 m 35.9 (C-9), 25.4 (C-7), 22.6 (C-11) 

9 35.9 CH 2.24 m  

10 50.5 Q   

11 22.6 CH2 1.40-1.94 m  

12 32.5 CH2 1.47 m  

13 47.4 Q   

14 83.2 Q   

15 32.2 CH2 1.57 - 1.72 m  

16 20.6 CH 1.42 -1.90 m 74.8 (C-20), 49.4 (C-17) 

17 49.4 Q 2.18 t (9.6)  

18 17.5 CH3 0.93 s 32.5 (C-12), 83.2 (C-14), 49.4 (C-17) 

19 18.9 CH3 1.15 s 
135.7 (C-5), 204.2 (C-1),  
35.9 (C-9)  

20 74.8 Q   

21 21.3 CH3 1.16 s 74.8 (C-20), 49.4 (C-17), 81.7 (C-22) 

22 81.7 CH 4.02 dd (12.8, 3.6) 74.8 (C-20), 21.3 (CH3-21) 

23 31.9 CH2 2.27-2.46 m  

24 154.7 Q   

25 125.2 Q   

26 165.8 Q   

27 54.9 CH3 4.21 q (11.6)  154.7 (C-24), 125.2 (C-25), 165.8 (C-26) 

28 20.4 CH3 2.02 s 154.7 (C-24), 125.2 (C-25), 31.9 (C-23) 
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Fig. 4.60: MS of WCEF-RM 05 (molecular ion peak at [M + Na]+ = 493.2572, 

corresponding to the molecular formula C28H38O6 = 470)  

 

 

Fig. 4.61: Proposed structure of WCEF-RM 05 
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4.4. Conclusion 

All the nine isolated compounds displayed characteristic NMR spectrum of 

withanolides (steroidal lactone) having ergostane type skeletal. These isolated 

compounds have been characterized successfully. Three of them, WCEE 16, WCEE 

19 and WCED cc12 are new compounds. WCEF 09 and WCEF-cc 12 are same 

compounds isolated by two different methods of isolation. Six of these compounds 

are already known. Four of these six (WCEC-RM 16, WCEC11, WCEE-RM 15 and 

WCEF 09) are already reported from W. coagulans and the other two (WCEC-7 and 

WCEF-RM 05) are reported from W. somnifera and are being reported first time from 

W. coagulans. Biological activities of all these compounds have been tested in the 

previous chapter (chapter 3) which reveals that these compounds can be a very good 

candidate for the drug development for cancer chemoprevention and inflammatory 

diseases. As these compounds are isolated from such a plant which has a history of 

thousands years for safe use in human. This makes these compounds more suitable 

candidate for the preclinical and clinical trials. So, the start of preclinical and clinical 

trials should be the next strategy for the continuation of this research. 
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Biologically active compounds from terrestrial and marine organisms both in their 

natural forms and as templates for synthetic modification have played extensive role 

in the treatment of many diseases (Chin et al., 2006). Among living organisms, the 

use of plants as medicine is vital part of history and represents most considerable 

direct ancestor to modern medicine. In recent times, some of the most inspiring 

clinical proof of the value of the herbs in treating cancer allows us to rebuild the story 

of these plants and their ultimate uses in these cases (Nobili et al., 2009). In the past, 

the specific plant to be used and the method of application for particular ailment were 

passed down through oral history. Later on, information regarding medicinal plants 

was recorded in herbals (Balunas and Kinghorn, 2005). These plants having 

ethnopharmacological uses have been the primary source of early drug discovery and 

chronological experiences with these plants as curative tools have helped to isolate 

and develop single chemical entities in modern medicine (Fabricant and Fransworth, 

2001). In the present study, six medicinally-important plants selected from different 

areas of Pakistan after an extensive survey based on the information from local 

healers were investigated for biological activities to evaluate their cancer 

chemopreventive and cytotoxic potential by using seven different bioassays: 

inhibition of TNF-α activated NFĸB, aromatase inhibition, inhibition of NO 

production in lipopolysaccharide activated macrophage RAW cells (iNOp), 

interaction with RXRE,  induction of QR1, DPPH free radical scavenging and 

inhibition of MCF-7, LU-1 and MDA-MB-231 cell proliferation proliferation. These 

selected plants include Euphorbia wallichii Hook F., Bergenia ciliata (Haw.) Sternb, 

Acer oblongifolium Hort. ex Dippel, Aster thomsonii C. B. Clarke, Opuntia dillenii 

and Withania coagulans (Stocks) Dunal.  

5.1. Biological evaluation of selected plants 

5.1.1. Inhibition of TNF-α activated nuclear factor-kappa B (NFĸB) 

TNF-α is an activator of NFĸB, an inducible transcription factor that plays an 

important role in the regulation of apoptosis, cell differentiation, and cell migration. 

Its activation may promote cell proliferation and further prevent programmed cell 

death through transcriptional activation of genes that suppress apoptosis (Baldwin, 

2001; Karin, 2006).  As NFĸB is an important regulator in cell fate decisions and is 

critical in tumorigenesis, its inhibition has potential applications for the prevention or 

treatment of cancer (Aggarwal, et al., 2004; Schupp et al., 2009). In this study, total 9 
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fractions from W. coagulans showed different levels of inhibition of TNF-α activated 

NFĸB and among them the most potent fraction WCA&F FCC- 2 and 3 had IC50 

values of 2.6 and 4.3 µg/ml respectively. In Indian subcontinent, two species of the 

genus Withania are found, W. somnifera and W. coagulans (Maurya et al., 2010). The 

literature survey of the plants showed that they are rich in steroidal lactones called 

withanolides. Ichikawa et al. (2006) demonstrated NFĸB inhibitory activity of 11 

withanolides isolated from W. somnifera and also demonstrated that withanolides 

inhibit IKK phosphorylation, an important step in NFĸB activation. These compounds 

are not reported in the W. coagulans. (As for as the author is aware of) This is the first 

report demonstrating the NFĸB inhibitory activity of W. coagulans. Extracts/fractions 

of the other plants, E. wallichii, B. ciliate, A. oblongifolium, A. thomsonii and O. 

dillenii exhibited non-significant or no activity. Schepetkin et al., (2008) reported the 

potent activation of NFĸB by the polysaccharides obtained from the stems of Opuntia 

polyacantha. We tested crude extract/fractions of Opuntia dillenii fruit and found no 

NFĸB activation rather low level of inhibition was observed.   

5.1.2. Aromatase inhibition 

Aromatase is a cytochrome P450 enzyme complex responsible for the conversion of 

androgens to estrogens (Jongen et al., 2005). Estrogens are involved in many 

physiological processes together with the growth and maintenance of the female 

sexual organs, the reproductive cycle, reproduction, and different neuroendocrine 

functions. These hormones also have critical roles in certain disease states, 

particularly in mammary and endometrial cancers (Brueggemeier et al., 2005; Maiti et 

al., 2007). Aromatase inhibitors can block the production of estrogen, which in turn 

can trim down the growth of estrogen receptor positive breast cancer cells. Aromatase 

inhibitors are already in clinical use for the treatment of breast cancer and animal 

studies have demonstrated their potential as chemopreventive agents (Lubet et al., 

1994, Gubson et al., 1995). However, the remedies in use usually have side effects 

and so a research for new aromatase inhibitor continues (Balunas and Kinghorn, 

2010). Here in this report aromatase inhibitory potential of tested natural extracts was 

studied. Total six samples from E. wallichii, A. oblongifolium, A. thomsonii and W. 

coagulans showed diverse degree of potential as aromatase inhibitor. To our best 

knowlwdge this is the first report about the aromatase inhibitory activities of these 

plants and results suggest that these plants can be a potential source of natural 
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aromatase inhibitors. Among these plants W. coagulans is most widely used plant in 

ayourveda for the treatment of various diseases including cancer and in vitro testing 

of this plant showed the highest level of aromatase inhibition. This suggests its 

potential use in chemoprevention of hormone responsive breast cancers. Jonas et al. 

(1998) reported the aromatase inhibitory activity of flower extracts of cactus (Opuntia 

sp.). However, we tested crude extract/fractions of O.dillenii fruits and did not find 

aromatase inhibitory activity. 

5.1.3. Inhibition of nitric oxide (NO) production in lipopolysaccharide (LPS)-

activated murine macrophage RAW 264.7 cells (iNOp)  

Nitric oxide (NO), the molecular messenger and component of inflammatory 

response, is synthesized endogenously from L-arginine by three isoform of the 

enzyme NO synthase (NOS). These three isoform are endothelial NOS, neuronal NOS 

and inducible NOS, and among them inducible nitric oxide synthase (iNOS) is the 

isoform most consistently associated with chronic inflammation and tumor production 

(Nomelini et al., 2008). Hussain et al., (2008) gave genetic and mechanistic evidence 

to prove that inflammatory micro environment and an increased level of NO can 

accelerate tumor development. A consistent relationship between up-regulation of 

iNOS and cancers of the prostate, bladder, ovary, oral cavity and esophagus has been 

observed. Moreover, over expression appears to occur during early tumor 

development in these organs, suggesting the role of iNOS inhibitors as cancer 

chemopreventive (Crowell et al., 2003, Nomelini et al., 2008). Animal studies also 

showed the role for iNOS in the promotion of colon carcinogenesis and 

chemopreventive effects of iNOS inhibitors have been shown in preclinical colon 

cancer models. Sherma et al., (2002) demonstrated the role of iNOS inhibitors as 

chemopreventive agents in a primary rat tracheal epithelial transformation system, 

suggesting their use in lung cancer prevention in rodents. We determined the 

inhibition of NO production in LPS-activated murine macrophage RAW 264.7 cell as 

an indirect marker to monitor iNOS activity.  Total 18 extracts/fractions of four plants 

tested showed remarkable inhibition of NO production. Both roots and aerial parts 

extract/fraction of E. wallichii inhibited NO production significantly. To Best of our 

knowledge, evaluation of anti-inflammatory or inhibition of NO production activity of 

E. wallichii is not reported earlier. A total of six extracts/fractions of E. wallichii roots 

and aerial parts showed significant inhibitory potential of NO production. Among 
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them one fraction is from roots and the other are from aerial parts. Overall aerial parts 

showed better inhibition than roots and can be a good candidate for isolation of 

potential iNOS inhibitors.  

Sinha et al. (2001) reported the anti-inflammatory activity of B. ciliate rhizome 

extracts in rats by hind paw edema test. Anti-inflammatory potential of aqueous and 

alcoholic fruit extracts of O. dillenii was reported by Loro et al. (1999). Ahmed et al. 

(2005) made comparison of anti-inflammatory activities of cladodes, flowers and 

fruits of O. dillenii by measuring the inhibition of carrageenan-induced inflammation 

in rats. Inhibition of carrageenan-induced inflammation in rats by hind paw edema 

test does not describe the mechanism of action of the extracts by which they exert 

anti-inflammatory effect. As mentioned earlier, inhibition of NO production is one of 

the mechanisms to inhibit inflammation. In this study B. ciliata and O. dillenii 

extracts/fractions did not show inhibition of NO production in LPS-activated murine 

macrophage RAW 264.7 cells. This suggests that B. ciliate and O. dillenii might exert 

anti-inflammatory effect by some other mechanism. To best of our knowledge, there 

is no earlier report about the anti-inflammatory activity of A. oblongifolium and A. 

thomsonii and here we found that one fraction from each plant inhibited NO 

production significantly.  

Oh et al. (2008) reported that Withaferin A, a major withanolides of W. somnifera, 

inhibited both iNOS protein and mRNA in dose dependent manner in LPS activated 

murine macrophage RAW 264.7 cells. Furthermore, they found Withaferin A 

prevented IkB phosphorylation, blocking the subsequent translocation of NFĸB and 

inhibiting its DNA binding activity. LPS-induced NO production and NFĸB inhibition 

were inhibited by SH-6, a specific inhibitor of Akt. They suggested that Withaferin A 

inhibited inflammation through inhibition of NO production and iNOS expression by 

blocking Akt and subsequently down regulating NFĸB activity. Different 

withanolides are found in the W. coagulans in different concentrations in different 

plant parts. It seems that aerial part of W. coagulans is more potent inhibitor of NO 

production than the fruit. Furthermore 8 fractions of crude extract of fruit bearing 

aerial parts prepared by flash column chromatography showed significant inhibition, 

which indicated more than one compounds may be inhibiting NO production. In the 

first part of this report, NFĸB inhibitory potential of the fractions is also discussed. 

The same fractions which showed NO production inhibition also showed NFĸB 
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inhibition, which showed these extracts had the same inhibitory pattern as that of 

withaferin A as reported by Oh et al.(2008).   There is no earlier report about the 

inhibitory potential of NO production of W. coagulans and this is to be investigated 

that which withanolides from this plant are responsible for these activities.   

5.1.4. Retinoid X receptor responsive element (RXRE)-luciferase reporter gene 

assay 

Retinoids are derivatives of vitamin A that affect cellular proliferation, differentiation, 

and apoptosis in a retinoid-specific and cell-type specific manner (Zhang and Jetten, 

1997). Retinoids have shown efficacy as anti-cancer drugs that intervene in the   

carcinogenic   process   by regulating proliferation and differentiation at several stages 

(Wu et al., 2002). Retinoid receptors belong to the family of nuclear hormone 

receptor proteins. There are two major classes of retinoid nuclear receptors: retinoic 

acid   receptors (RARs) and retinoid X receptors (RXRs).  Each class contains three 

subtypes (α, β, γ). A cell line-based retinoid X receptor responsive element (RXRE)-

luciferase reporter gene assay was employed in this study to evaluate the interaction 

of extracts/fractions with RXR receptors. To best of our knowlwdge, no report exists 

regarding the evaluation of these plants for interaction with RXR receptors. Therefore 

this is the first study of these plants of this sort. However, none of the extract/fraction 

showed significant activity.  

5.1.5. DPPH free radical scavenging  

Complex series of cellular and molecular changes contributing in cancer development 

are intervened by a diversity of endogenous and exogenous stimuli. One type of 

endogenous damage arises from reactive oxygen species (ROS), also called as oxygen 

free radicals (OFR), which is product of normal cellular metabolism. These OFR 

attack not only nucleic acid bases but also deoxyribosyl backbone of DNA (Valko et 

al., 2004). Endogenous DNA lesions are genotoxic and induce mutations. The most 

comprehensively studied lesion is the formation of 8-hydroxy aduct radical of guanine 

and its subsequent products (Valko et al., 2004). This lesion is imperative because it 

is comparatively easily formed and is mutagenic and therefore is a potential 

biomarker for carcinogenesis. Mutation by this lesion involves GC→TA transversion. 

Therefore OFR are considered as an important class of carcinogens (Valko et al., 

2004). Non enzymatic and enzymatic antioxidants play their role to balance the effect 
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of OFR. Antioxidants can either directly scavenge or prevent generation of 

OFR/ROS. The discovery of novel and safer antioxidants from natural products to 

combat and/or prevent OFR/ROS mediated diseases is a continuous process. For the 

measurement of potential free radical scavenging activity of the plants 

extracts/fractions, DPPH free radical scavenging assay was utilized in this study. 

Among the 59 extracts/fractions tested, a total of 25 extracts/fractions exhibited ≥ 70 

scavenging at 200 µg/ml concentration. A total of 13 extracts/fractions from 

Euphorbia wallichii roots and aerial parts showed significant free radical scavenging 

activity at 200 µg/ml and their IC50 ranged from 8.7 µg/ml to 78.4 µg/ml. We reported 

the potent antioxidant activity of E. wallichii roots extracts in our previous research 

(Haq et al., 2010) and here we tested aerial parts as well, and both parts showed 

comparable antioxidant potential. These results suggest that both aerial and roots of E. 

wallichii can be promising source of antioxidants. All the five extracts/fraction of 

Bergenia ciliata showed  significant free radical scavenging activity with their IC50 

value ranged from 11.8 µg/ml to 83.7 µg/ml. Rajkumar et al., (2010) has previously 

reported antioxidant activity of B. ciliata rhizome extracts and our results are in 

accordance with their results. Total six extracts/fractions from Acer oblongifolium 

showed significant antioxidant activity and their IC50 values ranged from 20.2 µg/ml 

to 90.6 µg/ml. Inayatullah (2009) has demonstrated the DPPH free radical scavanging 

activity of A. oblongifolium and our results are  in accordance with their finding. One 

fraction of A. thomsonii also showed significant scavenging and had IC50 141.1 µg/ml. 

Similar results are also reported earlier by Bibi et al. (2011). None of the 

extracts/fractions from O. dillenii and W. coagulans showed significant free radical 

scavenging activity at 200 µg/ml concentration. Overall these results suggest that 

these extracts/fractions can be a source of potent antioxidant compounds.  

5.1.6. Quinone reductase 1 (QR1) induction assay 

Strategies for protecting cells from cancer initiation events also include decreasing 

metabolic enzymes involved in generating reactive species (phase 1 enzymes), while 

increasing phase II enzymes that can deactivate radicals and electrophile known to 

intervene in normal cellular process (Cuendet et al., 2006). Phase II enzymes are 

primarily responsible for the metabolic detoxification of chemical carcinogens and 

other harmful oxidants, leading to the protection of cells against redox cycling, 

oxidative stress, and carcinogenesis (Zhang and Gordon, 2004; Cuendet et al., 2006; 
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Yang and Liu, 2009). Induction of quinone reductase 1 (QR1) with cultured Hepa 

1c1c7 (murine hepatoma) cells is representative of the overall elevation of phase II 

enzyme levels. QR1 is a convenient indicative enzyme because it is widely distributed 

in mammalian tissues, can be easily measured, and shows a large inducer response 

(Su et al., 2004; Cuendet et al., 2006).   Therefore, induction of QR1 at the tumor 

initiation stage is an indicator of cancer prevention (Cuendet et al., 2006). In the 

present study effect of different plant extracts/fractions for the induction of QR1 

enzymes in cultured Hepa 1c1c7 cells was studied and a total of 14 fractions among 

the 59 samples tested were selected for dose dependence activity. Two fractions from 

E. wallichii showed induction of QR1 with CD (concentration required to double the 

enzyme activity) values 18.1 and 20.6 µg/ml and they also showed cytotoxicity at CD. 

Crude extracts and fractions of E. wallichii roots did not show QR1 induction. To our 

best knowledge, this is the first report about the QR1 induction potential of the E. 

wallichii. None of the extracts/fractions from B. ciliate and O. dillinii induced QR1. 

One fraction from each plant, A. oblongifolium (AOA DCM) and A. thomsonii (ATA 

DCM) showed QR1 induction with CD value of 9.6 and 10.8 µg/ml respectively and 

to best of our knowledge, there is no earlier report in literature about QR1 induction 

potential of these plants and this is being reported for the first time. Total 10 fractions 

from W. coagulans showed significant induction of QR1. QR1 induction activity of 

withanolides from different plants has been reported (Kenelly et al., 1997; Misico et 

al., 2002; Su et al., 2004) but till now evaluation of QR1 induction activity of W. 

coagulans is still lacking. CD values of extracts/fractions of W. coagulans are 

comparable to many of the pure withanolides as reported by Su et al. (2004). This 

indicates that W. coagulans may bear highly potent withanolides for QR1 induction. 

At the same time multiple fractions prepared by flash column chromatography are 

active inducer of QR1 which suggests the presence of many potent molecules 

distributed in different fractions.  

5.1.7. Cytotoxicity against cancer cell lines 

Breast cancer is the most common cancer worldwide and leading cause of cancer 

death among women. Although a great improvement in breast cancer treatment has 

been made and decline in the mortality rate is also observed in developed countries, 

still the death rate from breast cancer is around 38 deaths per 100,000 women 

(Schmidt et al., 2007).  MCF-7 is a breast cancer cell line isolated from 69 years old 
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Caucasian women and established by Soule et al. (1973). MCF-7 is estrogen receptor 

positive and MDA-MB 231 is estrogen receptor negative breast cancer cell lines. 

Lung cancer continues to be leading cause of death in both men and women 

worldwide and it kills over 1 million people a year (Witschi, 2001). LU-1 is human 

lung carcinoma cells line established by Department of Surgical Oncology, University 

of Illinois, College of Medicine at Chicago USA.  

To overcome these cancers a continuous research aiming more selective natural 

inhibitors with low side effects is continued and every discovery contributes towards 

the target. Three fractions from each E. wallichii inhibited the proliferation of MCF-7. 

From these three, two fractions also showed significant inhibition against each LU-1 

and MDA-MB 231 cancer cell lines. There appeared no previous report about the 

inhibitory potential of the E. wallichii against cancer cell lines. This showed the 

potential use of this plant against multiple cancers.  

While viewing overall results of this study it can be elucidated that extracts/fractions 

of E. wallichii showed significant activity in Aromatase, iNOp and cytotoxicity 

assays. Therefore E. wallichii can be a good choice for further isolation of cancer 

chemopreventive and cytotoxic compounds. Rajkumar et al. (2010) reported the 

significant cytotoxic activity of methanolic extract B. ciliate rhizome against MDA-

MB 465S human breast cancer cell line having IC50 Value 2.73 µg/ml. They also 

reported cytotoxicity of methanolic extract against Hep 3B and PC-3 cell lines with 

IC50 >20 µg/ml. We tested the methanolic extract of B. ciliata rhizome and its 

fractions prepared by solvent-solvent extraction at 20 µg/ml concentration and did not 

find significant activity against MDA-MB 231, MCF-7 and LU-1 cell lines. Overall 

none of the extract/fraction of B. ciliate rhizome showed remarkable activity in all the 

assays performed. Inayatullah et al. (2007) reported the antitumor potential of A. 

oblongifolium by using the brineshripm toxicity assay (ED50 226.8 µg/ml) and potato 

disc tumor inhibition assay (59% inhibition at 10 µg/ml). We tested methanolic 

extract of A. oblongifolium and its fractions to evaluate cytotoxicity on MDA-MB 

231, MCF-7 and LU-1 human cancer cell lines at 20 µg/ml concentration and no 

significant proliferation inhibition was observed. Overall one fraction of A. 

oblongifolium showed significant activity in aromatase inhibition, nitric oxide 

production inhibition and QR1 assays suggesting that A. oblongifolium may have 

cancer chemopreventive rather than anticancer potential. Previously, Bibi et al. (2011) 
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reported the antitumor and cytotoxic potential of crude methanolic extract of A. 

thomsonii and its n-hexane and aqueous fractions, using potato disc antitumor assay 

and SRB cytotoxicity assay using H157 and HT144 human tumor cell lines. They 

reported that the aqueous fractions had most significant activity among all the tested 

samples. Here we tested the same samples against MDA-MB 231, MCF-7 and LU-1 

human cancer cell lines and only n-hexane fraction showed >50% proliferation 

inhibition of MCF-7 at 20 µg/ml concentration suggesting that A. thomsonii extract 

had selective inhibitory potential against different cell lines. Furthermore, the 

compounds with selective inhibitory potential can be isolated from n-hexane and 

aqueous fractions. Overall testing showed that n-hexane fraction of A. thomsonii had 

significant activity in aromatase inhibition, inhibition of nitric oxide production, QR1 

induction and cytotoxicity assays. Therefore it can be concluded A. thomsonii had 

promising potential for further isolation and purification of cancer chemopreventive 

and anticancer compounds.  Chavez-Santoscoy et al. (2009) tested nine plants extracts 

of Opuntia spp. (O. dillenii was one of them) for cytotoxicity against four human cell 

lines, Caco-2, PC3, HepG-2 and MCF-7. In the present study, methanolic extract of 

O. dillenii and its fractions were tested against MCF-7, MDA-MB 231 and LU-1 and 

found no significant proliferation inhibition which is in accordance with Chavez-

Santoscoy et al. (2009). Overall we did not find significant activity of O. dillenii fruit 

extract and fraction in any of the assays performed in this study. Cytotoxic activity of 

withaferin A, a withanolide, also found in W. coagulans is reported to possess 

cytotoxic activity (Maurya et al., 2010). Many other cytotoxic withanolides had been 

isolated from different plants including Physalis angulata (He et al., 2007), 

Tubocapsicum anomalum (Hsieh et al., 2007), Datura metel (Pan et al., 2007),  

Acnistus arborescens (Minguzzi et al., 2002) Physalis peruviana (Lan et al.,2009) but 

W. coagulans remained relatively unexplored for cytotoxic activities. We tested W. 

coagulans extracts and fractions for cytotoxic activity against human solid tumor cell 

lines and many fractions showed a significant proliferation inhibition and had IC50 

values ranging from 1.2 to 7.8 µg/ml, which are much lower than some of the purified 

withanolides (Minguzzi et al., 2002; He et al., 2007; Hsieh et al., 2007; Pan et al., 

2007). These results recommended a detailed evaluation of W. coagulans for the 

isolation of cytotoxic compounds.  
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Overall extracts/fractions of W. coagulans showed a significant activity in all the 

assays except RXRE-luciferase reporter gene assay. Except B. ciliate and O. dillinii, 

all the plants showed significant activity in one or more assays. In sum, these results 

showed that the selected plants from Pakistan might be a promising source of 

pharmacologically active natural products and among them W. coagulans might be 

the most promising plant for further studies as the extracts/fractions from this plant 

showed highest and significant activity in most of the assays as well as this plant has 

the most wide use in Ayourveda for human consumption from thousands of years 

among all the tested plants. This suggests that the bioactive compounds isolated from 

this plant will be safe for human consumption as medicine and hence sparkle our 

interest for further purification. 

 5.2. Isolation of biologically active compounds from Withania coagulans 

In the initial screening we reached to a final conclusion that W. coagulans is the most 

promising selection among the tested plant for the further studies. From the initial 

screening we also concluded that the flash column chromatography fractions from the 

W. coagulans (Table 2.1) eluted by relatively less polar mobile phase 

(EA:MeOH/1:0::1:1) were more active than more polar mobile phase 

(MeOH:Water/1:0::0:1). The other important observation made in the initial screening 

was that crude extract of W. coagulans fruit was relatively less active than the aerial 

parts of the plants. The TLC analysis of the active fractions in comparison with the 

fruit crude extract showed that the compounds that were present in the active fraction 

were absent or found in relatively very low concentrations in the fruit extract. This 

analysis took us to the decision to collect the aerial parts of the W. coagulans without 

fruits and to prepare the crude extracts in relatively less polar system than pure 

methanol. So the aerial parts were collected and extracted in methanol: 

chloroform/1:1 solvent. 

The crude extract was then partitioned by solvent-solvent extraction to divide the 

compounds in the crude extract into 3 groups i.e. non- polar (WCN), moderately polar 

(WCE) and highly polar (WCA). These fractions were then tested in the assays to 

confirm and monitor the bioactivity in each fraction (Table 3.2). On the basis of these 

assays non polar (WCN) and moderately polar (WCE) fraction were selected to 

process further. The results of the bioassays confirmed our results of previous 
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screening as the EA fraction (WCE) was found to be the most active fraction. For 

further purification the most powerful and economical technique, liquid column 

chromatography was employed. The combination scheme of the sub fractions was 

decided on the results of bioassays and TLC analysis.  Combined fractions were then 

subjected to different forms of chromatographic techniques i.e.  normal phase column 

chromatography, reverse phase column chromatography and size exclusion column 

chromatography, to get the pure compounds.  We utilized the strategy of sequentially 

changing the mobile phase and stationary phase to get structurally very closly related 

compounds. This technique was found successful. All the separation was carried out 

with the aim to optimize the conditions to process the larger amounts of samples to 

get preparative level isolation in future to carry out in vivo studies. That is why the 

simple column chromatography (normal pressure, flash and medium pressure) to 

process the larger amounts of sample in single run was employed rather than using 

sophisticated techniques which may not process such a large quantity. During the 

isolation process TLC was utilized for method development and testing the purity of 

samples. This strategy remained successful and resulted in the isolation of 9 

biologically active compounds. The quantification of these compounds in the different 

plants parts, optimization of the time of collection of the plant and optimization of the 

conditions for their extraction and isolation in large quantities for in vivo studies, 

preclinical and clinical trials are the part of future plans.  

5.3. Characterization of isolated compounds from Withania coagulans 

 The compounds isolated from W. coagulans belong to a distinct class of steroidal 

lactones known as “withanolides” (Huang et al, 2009). These chemical compounds 

have very distinct features and 1H NMR spectrum of most of the withanolides display 

characteristic signals (Pan et al., 2007).  They have three or four methyl groups with 

characteristic signals ranging from H  1.17 - 2.40, and two ,-unsaturated olefinic 

protons [H 5.0-5.9 and 6.3-7.0] (Haung et al., 2009). 13C NMR spectra of all the 

isolated withanolides disclosed 28 carbons: four or five methyl groups (C ranging 

from 12.0-24) one characteristic oxygenated methines (C-22) at C ranging 79.0-82.0, 

and one oxygenated quaternary carbons (C-20) C ranging 74.0-77.0, one 

characteristic carbonyl quaternary carbon with C-2 and C5 olefinic double bond at C 

ranging  203.0-204.0 and with -3 and C-5 olefinic double bond  at C ranging  210.0-
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211.0. and one lactone carbonyl at C 165.0-166.0. These NMR data were closely 

related to those of the known withanolides (Rahman  et al., 1998; Pan et al., 2007; 

Huang et al., 2009; Jahan et al., 2010) and made the confirmation of the compounds 

very easy. 

5.4. Structure Activity Relationship (SAR)  

A total of 9 withanolides were isolated from W. coagulans and tested for the 

biological activities for their cancer chemopreventive and cytotoxicity potential. 

Cytotoxicity assay did not have enough data (Table 3.4) to describe the structure 

activity relationship.  A comparison of the biological activities of these withanolides 

in other three assays (Table 3.3) with their chemical structure is discussed below: 

5.4.1. Based on inhibition of NFĸB  

All these isolated withanolides appear to have 3 or 4 olefenic double bonds. Here the 

role of number of these olefinic double bonds and their position in the NFĸB 

inhibitory activity is discussed. 

 The compound WCEF 09 which had the highest NFĸB inhibitory activity (IC50 1.6 

µM) has three double bonds in its structure while the compound with second highest 

activity i.e. WCEE 16 (IC50 5.05 µM) had four double bonds in its structure. The 

other two compounds WCEC 11 and WCEC-7 having three and four double bonds, 

respectively, had the same activity (IC50 5.76). The compound WCEE-RM 15 which 

had lowest activity (IC50 12.42µM) among the tested compounds, had four olefinic 

double bonds. From this analysis it was concluded that the number of olefinic double 

bonds be it three or four had no effect on NFĸB activity.  

Regarding the position of the olefinic double bonds, all the compounds had olefinic 

double bonds at C-2, C-5 and C-24 except WCED-cc10 which had double bond at C-

3 instead of C-2. WCEC-cc 10 and WCEC 11 are structurally similar but the activity 

of WCED-cc 10 was 1.5 times less than that of WCEC 11. This suggested that the 

position of olefinic double bond at C-2 might be critical in NFĸB activity.  

WCEE 19 and WCEE 16 are structurally similar except an additional double bond at 

C-14 in WCEE 16 which had two times higher activity than that of WCEE 19. 

WCEE-16 also had hydroxyl group attached at C-17 position of steroidal nucleus. The 

other compound which has olefinic double bond at C-14 is WCEE-RM 15 but this 
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compound does not have any hydroxyl group attach with steroidal nucleus and had 

the lowest NFĸB inhibitory activity (IC50 12.42µM). Both these factors i.e. double 

bond at C-14 and hydroxyl group at C-17 seemed to contribute in NFĸB inhibitory 

activity of these withanolides.  

While considering the number of hydroxyl group substitutions and their position with 

reference to the biological activities, all the isolated compounds have hydroxyl group 

at C-20. The rest of chemical structure of the isolated withanolides can be divided into 

two components, one is steroidal nucleus and the other is an α,β - unsaturated - δ - 

lactone ring. Hence it is logical to compare the activity of these compounds depending 

on the position of hydroxyl group on steroidal nucleus and lactone ring. Considering 

the substitution of the hydroxyl group at C-27 of lactone ring, five have a hydroxyl 

group while four are unsubstituted. For example, WCEF-RM 05 (IC50 7.02µM) and 

WCEC- RM 16 (IC50 12.36µM) differ in the presence of hydroxyl group at C-27. This 

suggested that C-27 hydroxyl group substitution had significant effect on NFĸB 

inhibitory activity. This was also suggested by a comparison of WCEF 09 (IC50 

1.6µM) and WCEC 11 (IC50 5.76µM), which also differ in hydroxyl group 

substitution at C-27. This supported the hypothesis that C-27 hydroxyl group 

substitution contribute to enhance the NFĸB inhibitory activity.  

Considering the hydroxyl group substitution on the steroidal part; WCEE-RM 15 is 

the only withanolide among the nine isolated compounds, which does not have any 

hydroxyl group at the steroidal nucleus and it had the lowest activity (IC50 12.42µM). 

The most active withanolide in NFĸB inhibitory activity was WCEE 19 (IC50 1.6µM), 

it has two hydroxyl groups substituted on steroidal nucleus at C-14 and C-17. This 

suggested that hydroxyl group substitution at steroidal nucleus at C-14 and C-17 

enhance the activity.  

The NFĸB inhibitory activity of WCEC-11 and WCEC-7 has been found to be same 

(IC50 5.76µM). The former has a hydroxyl group substituted at C-17 and the latter has 

an olefinic double bond at C-16. This suggested that oleifinic double bond at C-16 

exhibits almost the same effect on the NFĸB inhibitory activity as that of the C-17 

hydroxyl group. Hence the following generalization regarding the structure activity 

relationship based on inhibition of TNF-α activated NFĸB activity can be made. 

 The activity decreases if the position of double bond changes from C-2 to C-3. 
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 The addition of the double bond at C-14 or C-16 results in an increase in the 

activity. 

 Hydroxyl group substitution at C-27 also enhances the activity of these 

withanolides. 

 Substitution of hydroxyl group at C-14 and/ or C-17 results in an increase in the 

activity. The maximum activity has been observed when both C-14 and C-17 are 

substituted. 

5.4.2. Based on iNOp  

Comparison of the chemical structure and inhibition of NO production activity in 

LPS-activated murine macrophage RAW 264.7 cells (iNOp) of the isolated 

withanolides suggested the following SAR:-  

 Comparison of the activity of WCEC 11 (IC50 11.0µM) and WCED-cc 10 

(IC50 29.0µM) suggested that shifting of olefinic double bond at C2 to C3, 

results in decreased activity. 

 Hydroxyl group substitution at C-17 seems to be critical in iNOp activity. A 

drastic decrease in activity has been observed in withanolides unsubstituted at 

C-17. This was suggested by a comparison of the activity of WCEF 09 (IC50 

7.1µM) to WCEF-RM 05 (non significant activity). WCEF-09 is C-17 

hydroxyl group substituted while WCEF-RM 05 is only C-14 unsubstituted.  

 Hydroxyl group substitution at C-27 also seems to contribute in iNOp activity. 

This was suggested by a comparison of the activities of WCEF-09 (IC50 

7.1µM) and WCEC-11 (IC50 11µM) which differ in substitution at C-27. 

 Hydroxyl group substitution at C-17 and olefinic double bond at C-16 appear 

to contribute almost equally in the activity. This is suggested by a comparison 

of the activities of WCEC 11 (IC50 11.0 µM) and WCEC 7 (IC50 11.0 µM). 

 A double bond at C14 or hydroxyl group substitution at C-14 results in 

decreased activity. This was suggested by the comparison of the activity of 

WCEE 19 (IC50 1.8µM) and WCEE 16 (3.2µM). This was also supported by 

the comparisons of WCEE-RM 15 (IC50 40.0µM) with WCEF-RM 05 (non 

significant activity) and WCEE-16 (IC50 3.2µM) with WCEF 09 (IC50 7.1µM). 
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5.4.3. Based on QRI induction  

Comparison of the QRI induction activity with the chemical structure of the isolated 

compounds suggests: 

 The activity seems to be dependent on the position of double bond at C-2. 

For example, WCEC 11 having a double bond at C-2 had high activity 

(CD 0.60µM) compared to WCED-cc 10 (CD 30.26µM) which has a 

double bond at C-3. 

 Substitution of a hydroxyl group at C-14 position appears to decrease the 

activity. This was suggested by the comparison of WCEE 19 (CD 0.04µM) 

with WCEF 09 (CD 0.23µM) and WCEE-RM15 (CD 0.51µM) with 

WCEF-RM 05 (CD 1.51µM). 

 The substitution of hydroxyl group at C-17 shows increased activity. This 

can be suggested by a comparison of the WCEE 16 (CD 0.15µM) with 

WCEE-RM 15 (CD 0.5µM), the former has C-17 hydroxyl group 

substitution while the latter is unsubstituted. This can also be suggested by 

the comparison of WCEF 09 (CD 0.23µM) and WCEF-RM 05 (CD 

1.51µM). The former has hydroxyl group substituted at C-17, while the 

latter has unsubstituted C-17. 

 Hydroxyl group substitution at C-27 also seems to contribute to the 

activity. This was suggested by a comparison of the WCEF-RM 05 (CD 

1.51µM) with WCEC-RM 16 (CD 5.25µM). The former has hydroxyl 

group substitution at C-27 while the latter is unsubstituted. This was also 

suggested by a comparison of WCEF 09 (CD 0.23µM) with WCEC 11 

(CD 0.6µM). Again the former has hydroxyl group substitution at C-27 

while the latter is unsubstituted. 

 A double bond at C-14 seems to decrease the QR1 activity. This was 

suggested by a comparison of WCEE 19 (CD 0.04µM) with WCEE 16 

(CD 0.15µM). The former does not has the double bond at C14 while the 

latter has. 
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 A double bond at C-16 seems to increase the QR1 activity. This was 

suggested by the comparison of WCEC-7 (CD 0.33µM) with WCEC-RM 

16 which also differ in having double bond at C-16 

Overall comparison of SAR of above three assay with reference to a previous study 

(Huang et al., 2009) is discussed here. Huang et al. (2009) studied the 

immunosuppressant activity of the withanolides isolated from W. coagulans and 

described the SAR. They suggested that withanolides with double bond at C2 position 

exhibited stronger activity than the double bond at C3. Their findings and our 

observations of all three assays are in accordance. They also described that hydroxyl 

group substitution at C-17 result in increased activity and same is true in our study as 

well in all three assays described above. However, they demonstrated that hydroxyl 

group substitution at C-27 resulted in decreased activity and in our case it is vice 

versa in all the assays. Furthermore they also demonstrated that hydroxyl group 

substitution at C-14 did not affect the activity. In our study activity was enhanced in 

iNOp and NFĸB assays and decreased in QRI assay by hydroxyl group substitution at 

C1-4. 

Conclusion and future strategies 

A. In the initial screening, a total of 59 samples from the six medicinally 

important plants were tested in this study and following conclusion were 

drawn:-  

•  E. wallichii showed potential for aromatase inhibition, iNOp, QR1 

antioxidant and cytotoxic compounds. Overall aerial part showed better 

activity than roots.  

• B. ciliata showed activity only in DPPH free radical scavenging assay. All its 

extracts/fractions exhibited significant activity in this assay.  

• A. oblongifolium showed activity in iNOp, QR1 and DPPH free radical 

scavenging assays.  

• One fraction of A. thomsonii showed activity in iNOp, QR1 and DPPH free 

radical scavenging activity.  

• O. dillenii did not show significant activity in any of the assays. 
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• W. coagulans showed significant activity in NFĸB, aromatase, iNOp, QR1 and 

cytotoxicity assays. 

This initial part of the study brings forward that the above mentioned plants with the 

biological activities (W. coagulans, E. wallichii, B. ciliata, A. thomsonii and A. 

oblongifolium) can be a potential source of pharmacologically active natural products. 

These experiments also showed that W. coagulans is the most active plant studied in 

this project and its three most potent fractions are WCA&F FCC-1, WCA&F FCC-2 

and WCA&F FCC-3 eluted through flash column chromatography by ethyl acetate as 

mobile phase indicating their relatively less polar nature. So, selection of relatively 

less polar solvent for extraction of these compounds than methanol can increase the 

extraction efficiency of these compounds from the plant material. It is also obvious 

from this report that aerial parts without fruits are more active than the fruits or fruits 

bearing aerial parts. Among the six plants tested for cancer chemopreventive activity, 

Withania coagulans was found to be most active and considered the best candidate for 

further purification. 

B. In the secondary screening and bioactivity guided isolation from W. coagulans 

following conclusion were drawn: 

 Withania coagulans aerial parts extracted with CHCl3:MeOH/1:1 

showed better activity as we predicted from the initial work described 

in Section A.  

 Solvent-solvent extraction proved to be better initial fractionation 

strategy.  

 The application of combination of chromatographic and crystallization 

proved to be an efficient strategy to isolate structurally very similar 

compounds   and resulted in the isolation of total 9 compounds with 

multiple biological activities being reported first time.  

 All the isolated compounds were characterized successfully and they 

all are of steroidal lactones class known as “withanolides”.  

 WCEE 16, WCEE 19 and WCED cc12 are new compounds.  

 WCEE 19 and WCEE 16 are the biologically most active compounds 

among the all the isolated compounds and have potential for new drug 

discovery for cancer chemoprevention. 
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Future strategies may includes 

 These purified compounds can be a promising source for new drug 

development to combat cancer.  

 Studies for preclinical trail could be carried out to evaluate the in vivo 

activity and toxicity of the isolated compounds. 

 Quantitative determinations of the isolated compounds in different 

plant parts of W. coagulans and the impact of collection time need to 

be studied. Furthermore, qualitative and quantitative analysis of inter 

species and intra genus (withanolides bearing species) variation for 

the optimization of the isolated compounds can lead to identification 

of their best natural source.   

 Several new bioactive compounds with aromatase inhibition and 

cytotoxic activities can be potentially isolated from W. coagulans. 

 Isolation of more withanolides from the plants bearing withanolides 

can be done for establishment of a broader SAR to find out the most 

active compound followed by development of synthetic approach for 

most active analogues.  

 Development of hairy root culture and cell suspension cultures and 

their comparison with naturally growing plants can help to choose the 

most appropriate source for the production of lead compounds on 

commercialized basis.   

 More bioactive compounds from E. wallichii, B. ciliata, A. thomsonii 

and A. oblongifolium can be isolated. 
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