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ABSTRACT 

ISOLATION AND ANALYSIS OF NOVEL 

DEHYDROABIETYLAMINE, ABIETIC ACID AND OLEANOLIC 

ACID DERIVATIVES WITH SPECIAL FOCUS OF CYTOTOXIC 

EFFECTS ON HEPATOCELLULAR CARCINOMA CELLS 

Muhammad Ayaz Mustufa 

PhD in Biochemistry 

Supervisor: Prof. Dr. Syed Naim-ul-Hasan Naqvi 

2013 

 

 

Hepatocellular carcinoma (HCC) is one of the major concern due to its life threatening 

and fetal effects. Reported data suggest that it is the fifth most frequent neoplasm and 

third largest cause of mortality among all the prevailing cancers; with the average life of 6 

months after diagnosis including surgical treatment options, suggesting poor prognosis of 

the disease (Pisani 2002, Sala 2004, Bruix 2005 ). Alarmingly, around 600,000 individuals 

loss their life every year due to HCC and almost same number of  new cases  registered 

worldwide per year (Fallopi 2011, Jemal 2005). Because of high prevalence rate of 

hepatitis B, C and aflatoxin B food contaminated products, especially Asia and sub-

shahran African countries contributing  major chunk of the disease (Bosch 2004, Tanaka 

2002). So far available therapies are not very successful in terms of  both quality and  

survival; sorafenib, multikinase inhibitor is only FDA approved drug against HCC 

(Lachenmayer 2009, Keating 2009).  

Keeping in mind that structural manipulation is still noteworthy and essentially one of the 

focused technique for drug efficacy enhancement and finding new novel drugs with 

potentially broad bioactive spectra; new derivatives of dehydroabietylamine (DAA), 

abietic acid (AB) and oleanolic acid (OA) were synthesized, purified and subjected for 

cytotoxic effects with special focus of hepatocellular carcinoma.  
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 Screening of 40 new derivatives using SRB protocol on breast cancer and HCC cell lines 

was performed.  Preliminary screening findings concluded that dehydroabietylamine 

derivative-2 (DAAD-2) with Nacetyl cysteine in ring A at C-18 is the most potent 

derivative among all trial drugs. DAAD-2 subjected for cytotoxic effects on ten HCCs and 

one breast cancer cell line. Hep3B cells were the most sensitive with IC50 of 2.00±0.4 µM 

on DAAD-2. Similarly, obvious morphological deviations including detachment of cells, 

cell rounding and low confluency; and statistically significant time dependent changes in 

sub-G1(8-9 fold increase) and G2/M phase (2 fold decrease) in Hep3B cells after 48 and 

72 hours of DAAD-2 treatment were recorded. Alkaline comet assay was performed to 

see the single stranded DNA breaks and WHSC1 gene expression experiments were also 

performed. The present outcomes also exhibit the structural significance of our trial novel 

drugs, their vital influence and correlation on cytotoxic and cell proliferation studies.  

 Our current findings provide sufficient evidence that DAAD-2 induces growth 

attenuation of HCC cells by apoptotic mechanism of death. Further microarray and in-

vivo studies on anti carcinogenic properties of different kind of cancers including HCC 

and its mechanism of action can be opted to rationalize the role of DAAD-2 in future 

cancer research and therapy.  
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1. INTRODUCTION 

 

 

1.1 Cancer and potential novel drugs 

The disease of our century is cancer (Dalitsch et al., 1959). Currently, cancer is the second 

largest cause of mortality. Hepatocellular carcinoma (HCC) is one of the major concern due 

to its life threatening and fetal effects. Reported data suggest that it is the fifth most frequent 

neoplasm and third largest cause of mortality among all the prevailing cancers; with the 

average life of 6 months after diagnosis including surgical treatment options, suggesting poor 

prognosis of the disease(Pisani et al., 2002; Sala et al., 2004; Bruix et al., 2005 ). Alarmingly, 

around 600,000 individuals loss their life every year due to HCC and almost same number of  

new cases  registered worldwide per year (Fallopi  et al., 2011; Jemal et al., 2005). Because 

of high prevalence rate of hepatitis B, C and aflatoxin B food contaminated products, 

especially Asia and sub-shahran African countries contributing  major chunk of the disease 

(Bosch et al., 2004; Tanaka et al., 2002). So far available therapies are not very successful in 

terms of  both quality and  survival; sorafenib, multikinase inhibitor is only FDA approved 

drug against HCC (Lachenmayer et al., 2010; Keating et al., 2009). 

 

Structural modification is one of the important routes in chemical field for finding novel 

drugs with more potential bioactivities and broad bioactive spectra. Our approach was to 

enhance these biological properties with special focus on cancers by manipulating basic 
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chemical structure of trial drugs. Since 1940 to 2007 out of 155 potentially active anticancer 

trial drugs, more than 110 were derived from natural plants or its derivatives (Newman and 

Cragg, 2007; Newman and Cragg, 2012). Therefore, three chemically differentiated parent 

compounds were used to see the cytotoxic effects of their new derivatives on different 

cancers. Name of parent compounds are; 

 Oleanolic acid 

 Abietic acid 

 Dehydroabietylamine 

 

1.2 Oleanolic Acid Derivatives 

Oleanolic acid (3β-hydroxy-olean-12-en-28-oic acid; OA) is a naturally occurring 

pentacyclic triterpenoid found in more than 1600 species (Yeung et al,. 2010). It exhibits a 

wide range of biological and pharmacological activities including anti-inflammatory, 

antitumor, Anti HIV, anticariogenic, antioxidant, cardiotonic, diuretic and hepatoprotective 

properties. More recently (Lei and Chen et al,. 2012) has demonstrated that oleanolic acid 

derivatives  obtained through modification at C-28 displayed most promising inhibition 

against human hepatocellular carcinoma cell line, HepG2 and colon cancer, Col-02 cell line 

(Jie Liu, 2005; yongbo et al,. 2012; Tae et al,. 2011; Jie Liu et al,. 2002; Maria et al,. 2012). 
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Literature demonstrates that pentacyclic triterpenes, oleanolic acid, ursolic acid and betulinic 

acid and their derivatives show high pharmacological potential for different cancer cell lines 

(Jie Liu, 2005; yongbo et al,. 2012; Tae et al,. 2011; Jie Li et al,. 2002; Maria et al,. 2012; 

Shao-rong et al,. 2009; Petronelli et al,. 2009; Laszczyk, 2009; Patlolla and Rao, 2012; He-X 

and Liu, 2007; Yan-qiu et al,. 2009; Cichewicz and Kouzi, 2004 ).  Prominent of these are C-

28 amino acid conjugates of ursolic acid and betulininc acid (Jeong et at,. 1999; Yan-Qiu et 

al,. 2009) but C-28 amino acid conjugates although, oleanolic acid has striking structural 

resemblance with two other these two compounds but it has not been studied for cancer cell 

lines with an exception of N-[(3β)-3-(acetyloxy)-28-oxoolean-12-en-28-yl]-glycine methyl 

ester (Lu X et al,. 2007).  

In the light of above reported findings, novel and simple strategy for isolation of oleanolic 

acid in larger amounts from the aerial parts of Periploca aphylla without using 

chromatographic techniques. 
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1.3 Abietic acid derivatives: 

Abietic acid (C19H29COOH) is a tricyclic monobasic diterpene. Abietic acid is also known 

as resin acid and mainly found in pinus species with molecular formula C19H29COOH 

mainly found in rosin of pinus species, mostly grow in temperate or warm region.  In current 

study,  abeitic acid was isolated from Pinus longifolia Roxb., and 12 new derivatives were 

prepared in Chemistry departmrnt, University of Karachi. All new derivatives with parent 

compound were subjected for biological activities. 

 

 

 

 

 

1.4 Dehydroabietylamine 

Dehydroabietyl amine (DAA, a tricyclic diterpene) and its derivatives are reported for their 

biological activities including cytotoxic consequences against cancer cell lines.   
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Keeping in mind that Structural manipulation is still noteworthy and essentially one of the 

focused technique for drug efficacy enhancement and finding new novel drugs with 

potentially broad bioactive spectra; Dehydroabietyl amine (DAA) were synthesized, purified 

in Chemistry department of University of Karachi, Pakistan and further subjected for 

cytotoxic effects. Mainly two major chemically differentiated groups were prepared; 

 

1.4.1 Amino acid derivatives  

N-acetyl amino acids were reacted with DAA to create peptide linkage between primary 

amine of dehydroabietylamine and carboxylic acid of amino acids, considering that these 

peptides play a vital role in fundamental physiological and biochemical functions of life. In 

more than 25% drugs carboxamide functionality is present. Simple formation of peptide bond 

can be accomplished using all the procedures available in organic chemistry for the synthesis 

of carboxylic acid amide. Carbodiimide mediated peptide coupling methodology was 

applied. It remains to be the most frequently used technique, as a major advantage 

carbodiimide do not require prior activation of carboxylic acid (Kirihara m. et al., 2003). 
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1.4.2 Amide derivatives 

Amides are reported for widespread biological properties including, antimicrobial, antifungal 

and bactericidal properties (Arthur et al,. 1969; Fronza et al,. 2013; kabara et al,. 1972; 

Levene et al,. 1916; Koga, 1997; Movahed, 2005; Farrell et al,. 2008; khare et al,. 2009).  

The role of fatty acid amides is well established in living systems such as immune energy 

balance, food intake, metabolic homeostasis, cardiovascular depressive effects, fertility, pain 

and neuro-protection (Di-marzo, 2008; Micale et al,. 2007; Pillarisetti et al,. 2009). Due to 

their effect on cell proliferation, these compounds have great interest in cancer biology 

(Burstein etal,. 2008; Flygare et al,. 2008). In addition anti- tuberculosis activity of amides is 

also reported in litrature (montes et al,. 2010). In spite of industrial uses (khare et al,. 2009), 

fatty acids are also well known as an ionic surface agents (Arthur et al,. 1969; kabara et al,. 

1972). 

In view of above published findings, 12 new amide derivatives were prepared and subjected 

for cytotoxic screening. 

 

1.5 Oncogenesis 

It is a process in which normal cells of living organism transformed in to abnormal cell to 

initiate cancer. It is also known as carcinogenesis and tumorigenesis. The progression of 

these neo-plastic tumor cells is a multistep process which is involved in number of genetic 

events. Evidence based trial models indicate that there are multiple progression events 

continuing inside the cell of the organism, principally initiated by a single mutation. But in a 

larger context, there are three fundamental steps in tumour formation; Initiation of tumor 
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cells, an irreversible event and did not identical inside of organism as a pathological entity. 

The step is process of promotion, facilitates the expression of the initiated phenotype, and 

followed up by progression of cancerous cells, refers further phenotypic modifications in 

the cancer causing cells with the help of genetic alterations at multiple levels due to mutated 

abnormal signals. These deviations allow tumor cells for uncheck and out of control growth, 

invade into other tissues; acquire sustained angiogenesis, loss of senescence and loss of 

apoptosis; to cease the normal cellular functions. 

 

Fig. 1.5:  Scheme for multi-stage carcinogenesis. Exposure to intrinsic/extrinsic factors, including various 

toxic chemicals, oncogenes, viruses (e.g., HBV, hepatitis B virus) and inflammation, can resulting in 

genetic mutations and/or epigenetic modifications, which can cause initiation of carcinogenesis in normal 

cells. The initiated cells and non-neoplastic cancer stem/progenitor cells can first progress to benign 

tumors, can be handled with surgery, radiation and or available chemotherapy at early stage, with 

subsequent progression to advanced/metastasized/malignant/drug-resistant tumors due to the prolonged 

effects of chronic inflammation, various irritants and aberrant hormones. (Jong Hın et al., 2013) 
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1.6 Hepatocellular Carcinoma 

Liver cancer is composed of variety of primary hepatic neoplasms including hepatocellular 

carcinoma (HCC), hepatoblastoma, haemangiosarcoma and intrahepatic bile duct carcinoma 

(cholangiocarcinoma), (Di Bisceglie, 2009; Dufour  et al., 2006). Out of these, HCC is the 

most prevalent type of neoplasms, representing 83% of all liver cancer cases (Hernandez-

Alcoceba et al., 2007; Hoffmann et al., 2007). HCC considered as 3rd most lethal cancer with 

lack of biomarkers and potentially very limited curative treatment options, affects most of the 

world’s populations (Farazi and DePinho, 2006) with more than 600,000 annual deaths 

(Bruix and Llovet, 2009; Minguez et al., 2009) and keep on increased incidence rate in 

several parts of the world is associated with poor overall survival. Hepatocellular carcinoma 

is usually detected at late stages of the disease categorized with heterogeneous phenotypic 

and genetic malformations of patients with very poor prognosis. Therefore, hepatocellular 

carcinoma has been classified as a heterogeneous disease. 

 

1.7 Pathogenesis of hepatocellular carcinoma 

Hepatocellular carcinoma reported for diverse epidemiologic description including vibrant 

and well-documented deviations among geographic regions and between men and women 

(El-Serag and Rudolph, 2007). Various host and environmental factors interact at molecular 

level to cause hepatocyte damage that is accompanied with hepatocyte proliferation. 

Continuous rounds of hepatocyte regeneration develops into pathological liver diseases from 

normal liver through fibrosis to chronic hepatitis/cirrhosis and dysplastic nodules to HCC 
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(Azam and Koulaouzidis, 2008; Bartosch et al., 2009; Schlaeger et al., 2008). The 

development of HCC, however, is not well-defined as other cancer types. 

 

Figure 1.7: Molecular pathogenesis of hepatocellular carcinoma. Hepatocyte injury is 

provoked by several factors incuding HBV and HCV infections, heavy alcohol consumption and aflatoxin B1 

contamination. (Farazi and DePinho, 2006)  

 

Liver fibrosis is a condition in which the liver gradually deteriorates and malfunctions due to 

chronic hepatocyte injury, molecular changes in cell activation and collagen deposition. 

Necrosis, apoptosis and replicative senescence are due to deviations in major cellular 

mechanisms leading to hepatocyte damage (Farazi and DePinho, 2006). Healthy liver tissue 

is replaced by Scar tissue surrounded by collagen deposition, partially blocking the flow of 

blood throughout the liver and apparently  hepatocyte loss linked with apoptotic cell death 

(Cavazza et al., 2009). 

 

Another noteworthy pathological ailment is liver cirrhosis that may end up as hepato-

carcinogenesis. Cirrhotic condition is strongly characterized by enhanced chromosomal 
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aberrations, mutations in gene, allelic losses, epigenetic modification and deregulations in 

various mechanisms mainly targeting signalling pathways. Some of these alterations are 

accompanied by event-base increase in different pathological disease stages during hepato-

carcinogenesis. Liver nodules due to abnormality seen in cirrhotic livers can  develop into 

pre-cancerous hyper plastic nodules with marked genomic volatility. 

 

The peculiarity between pre-cancerous and cancerous lesions remains intangible, and the  

gradual developmental process with obvious evidence of molecular pathogenesis from pre-

neoplastic lesions to manifest HCC is still very ambiguous. Nevertheless, what is known so 

far is that pre-neoplastic nodules, lying in an intermediate phase between non-neoplastic 

redeveloping nodules and HCC advance into dysplastic nodules with high growing 

effeiciency. Generally, development of HCC based on the background of dysplastic nodules 

with genomic volatility, telomerase reactivation and failure of p53 function characterized by 

hotspot mutations and micro-deletions (Gouas et al., 2010).  In addition, HCC can be 

differentiated into three histological groups, are generally understood as well-differentiated, 

moderately differentiated, poorly differentiated / undifferentiated types of HCC (Nam et al., 

2005). 

 

1.8 Etiological Factors of HCC 

The etiology of Hepato-carcinogenesis in humans is multi-factorial. High intake of  alcohol, 

Aflatoxins, hereditary disorders   and chronic infections with HCV and HBV have been the 

most common causes of chronic liver diseases (Fung et al., 2009; Kuniholm et al., 2008; 

Marcellin, 2009). The prominent etiological factors are; 
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 Chronic viral hepatitis B 

 Hepatitis C 

 Alcohol 

 Aflatoxin B1 

 Hereditary metabolic liver diseases   

 α-1-antitrypsin deficiency 

 Autoimmune hepatitis 

 Obesity, especially in males 

 Non-alcoholic fatty liver disease (NAFLD) 

 

Long list of HCV epidemiology studies suggested large variation from 6-75% of patients 

with HCC, and chronic HCV infection was found to be the major etiological factor for HCC 

in many of the parts of the world including Japan, Europe, and the United States (Colombo et 

al. 1989; Chen et al. 1997; Hasan et al. 1990; Saito et al. 1990; Vargas et al. 1990; Yu et al. 

1999; Kaklamani et al. 1991; Nishioka et al. 1991). The situation in developing countries 

even more worst due to high incidence rate of hepatitis C infection, high use of therapeutic 

injections and unavailability of vaccine due to variant nature of virus. A prospective follow-

up study indicated that the incidence of HCC in patients with chronic hepatitis C was 2.7 

times higher than patients with chronic hepatitis B (Takano et al. 1995). Viral hepatitis is a 

major public health problem in all parts of the world (Kao et al.,  2002).   It is a significant 

cause of morbidity and mortality, especially in developing countries. Hepatitis C virus 

(HCV) is the major cause of transfusion associated non-A, non-B hepatitis and continues to 

be a major cause of human liver disease throughout the world. HCV infection is found in 
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approximately 3% of the world population, accounting for 160 million people (Zou et 

al.,2000 ; Arora et al., 2005).  

 

The burden of HCV related chronic liver disease in Pakistan has increased. According to 

National Survey of Pakistan in 2007-08, HBV is 2.5% and HCV is on rise with 4.9% 

(www.pmrc.org.pk). The Government of Pakistan through its national and provincial 

programs spent large amounts on treatment to curtail this issue, mainly aiming on awareness, 

provision of treatment and hepatitis B vaccination. As the reports suggest that the prevalence 

of hepatitis C in our community is almost double may be due to unavailability of vaccine, 

unsafe medical procedures, risky social practices, etc. Therefore, there is a need of lifelong 

monitoring of hepatitis C patients at both biological and behavioral basis.  It has been 

demonstrated that nearly 50% patients with hepatocellular carcinoma in Pakistan are anti-

HCV positive (Chohan et al., 2001). As HBV and hepatitis C virus (HCV) have the same 

transmission routes, dual infection may occur. Patients co-infected with both HBV and HCV 

may have more severe liver disease and high mortality (10%) rate (Mohamed et al., 1997; 

Perumalswami and Bini, 2006) The direct oncogenic part of HBV in hepato-carcinogenesis is 

also considered due to integration of  HBV-DNA into the genomes of HCC cell lines and of 

liver cells of chronic asymptomatic HBsAg carriers. The woodchuck model explained that 

WHV genome was found to be often integrated into the cellular N-myc gene (Wei et al. 

1992). Unlike WHV-induced HCC, HBV-DNA integration is typically not precise and not 

connected with commencement of any cellular proto-oncogenes (Brechot et al. 2000). 

Previous studies reported that a viral protein encoded by the ‘X’ gene (HBX) in genome of  

HBV physically interconnects  and inactivates the wild-type p53 tumor suppressor protein 

http://www.pmrc.org.pk/
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(Wang et al. 1994; Greenblatt et al. 1997). The other published data suggesting that HBX can 

activate NF-κB pathway (a signaling pathway), and also responsible for  growth regulatory 

genes such as c-jun, c-myc, c-fos, and  endodermal growth factor (Feitelson 1999; Brechot et 

al. 2000; Yeh 2000). While, few published reports indicated that expression of HBX 

responsible to induce G1 cell cycle arrest and activate apoptotic pathway of cell death 

(Terradillos et al. 1998; Sirma et al. 1999).  

 

Aflatoxins also known as mycotoxins formed by the fungus species called Aspergillus flavus. 

Aflatoxins are very dominant carcinogens for natural world. Previously conducted field 

research studies established very close association among aflatoxin intake and high incidence 

rate of HCC in developing/poor resource countries, mainly due to fungal contamination in 

food items of daily and common use. The mutation at codon 249 of TP53 contribute more 

than 50% of overall cases (Hsu et al. 1991; Bressac et al. 1991). The work related to 

molecular mechanisms of AFB1–DNA binding and mutagenesis has been reported in in-

vitro, animal model and also in human tumors (Smela et al. 2001).  

Typically, Cirrhosis leads to multistep process of tumor development, in which viral 

carcinogenesis can be identified (Raoul, 2008). Chronic HCV and HBV infections aggravate 

active immune response activation followed by inflammation and fibrosis, which advances to 

cirrhosis and ultimately open out into HCC (Thorgeirsson and Grisham, 2002). The incidence 

rate of HCC is typically correlated with the incidence rate of chronic hepatitis B virus 

infection. For chronic hepatitis B carriers who were characterized by high serum HBsAg, the 

HCC risk has been estimated to be up to 50% (Marcellin, 2009). Though both viruses cause 
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hepatotropic infections; there are noteworthy differences in their oncogenic mechanisms. 

HBV estimated number of 350 million human infections in the world (Zuckerman, 1999).  

 

Viruses in this family have very small (approx. 3200 kb) and partly double-stranded relaxed 

DNA molecule with two uneven strands consisting of a full length of negative strand and a 

shorter positive strand. Viruses in this family replicate through an RNA intermediate, which 

they translate back into DNA using reverse transcriptase. Most common clinical course of 

infection, on the other hand, is vertical transmission meaning that from mother to neonate 

which is followed by childhood infection (Rehermann and Nascimbeni, 2005). HBV 

genomic incorporation has been demonstrated in many cases that is not exclusively 

controlled to transformed hepatocytes but normal hepatocytes in non-tumor tissues also carry 

HBV genome after chronic infections (Tsai and Chung, 2010). Integration of HBV genome 

into human genomic DNA has various effects such as; genomic instability associated with 

chromosomal abnormalities as deletions and translocations, amplification of cellular DNA 

and alterations in the expression patterns of various onco-genes, tumor suppressor genes and 

miRNAs (Feitelson and Lee, 2007). 
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 Figure 1.8:  Molecular mechanisms of liver cancer development (Farazi and DePinho,2006). 

 

Long term use of heavy alcohol doses is very closely connected to cause Hepato-

carcinogenesis. Published data on high intake of alcohol reported the association in between 

high incidence rate of HCC and alcohol abuse (Hassan et al., 2002;Kew, 1986). However, the 

exact contribution of alcohol abuse to liver cancer  compared to HBV / HCV infections is 

still ambiguous mainly due to the involvement of multiple associated risk factors that can 

affect the systemic and intrahepatic events of alcohol. Constant intake of alcohol to the liver 

generate hepatocytes hyper regeneration and direct DNA damage mostly associated with 

increased production of intracellular reactive oxygen species (Gao et al., 2004; Wu and 

Cederbaum, 2003; Wu et al., 2006). In addition, alcohol-induced hepatocellular injury can 

lead to fibrosis that will ultimately convert in to cirrhosis, obviously enhancing risk of HCC 

infection. 
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1.9 Drug trials and targeted therapies against HCC 

Unlike other prevalent tumors, the incidence and mortality of hepatocellular carcinoma 

(HCC) have increased in most of the parts of world due to its etiology, multistep pattern and 

late diagnosis.  Majority of patients are diagnosed at advanced stages, so there is an urgent 

need for new systemic therapies. Very limited therpeutic options trigring research comunity 

to identify the new interventional therapeutic options for suffered patients to curtail the 

prevalence of HCC cancers.   Sorafenib, a tyrosine kinase inhibitor (TKI), is the only FDA 

approved therapy has shown limted clinical efficacy in patients with HCC. In most of the 

cancers, tumor progression requires alterations in specific oncogenes (oncogene addiction), 

drugs that selectively block their products might slow tumor growth. However, no specific 

oncogene addictions are yet identified in HCC progression. Therefore, it is essentially require 

to enhance our existing understanding about  deviations in cellular functions due to trial drug 

incorporation. Now a days, combination studies for synergic effects is main focus for HCC 

treatment. Identification of new drug candidates interfaring in oncogenic cellular mechnisms 

might lead to broader therapeutic options for affected communities.  

 

Figure 1.9: Targeted therapies for HCC (Augusto and Josep, 2011). 
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1.10 Sorafenib 

Sorafenib is a tyrosine multi-kinase inhibitor. It is approved for the treatment of renal cancers 

and HCC cancers by FDA.  Mainly it target RAF/MEK/ERK (MAPK) signaling pathway to 

restrain cell proliferation. The cell proliferation activity is inhibited in number of ways by 

Sorafenib depending on signaling pathways responsible for cancer. Sorafenib act on VEGFR-

2/PDGFR-β signaling cascade by inhibiting VEGF mediated auto-phosphorylation  to restrain 

angiogenesis. Sorafenib is known for multiple protein kinase targets identified in previously 

conducted in vitro biochemical and cellular assays (Wilhelm et al., 2004;  Wan et al., 2004). 

Previous work done on HCC( Liu et al., 2006). Sorafenib blocks the RAF/MEK/ERK pathway, 

inhibits tumor angiogenesis, and induces tumor cell apoptosis (Choueiri et al.,  2006) 

Another type of kinases called Raf kinases are so far the best known regulators of the MEK/ERK 

cascade, and up-regulated signaling through the RAF/MEK/ ERK pathway has an essential role 

in HCC.  The major deviations observed in phosphorylation levels of proteins responsible for 

key role in the RAF/MEK/ERK pathway. Work done on PLC/RAF/5 and HepG2 HCC cell lines 

to see the effect of Sorafenib on this pathway concluded as up-regulation of few key proteins 

through phosphorylation.  
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Fig. 1.10: Signaling pathway (Rini, 2007) 

 

It is also evident that level of cyclin D1 is critical in cell cycle proliferation; It is activated by 

both  phosphatidylinositol3-kinase  and RAF/MEK/ERK  pathways in tumor cells; 

previously conducted study also showed down regulation of cyclin D1 in HepG2 cells after 

time and dose dependent exposure of sorafenib (Pruitt and Der, 2001; Huynh et al.,  2004).  

The above data provide sufficient evidence that Sorafenib has role to effect RAF/MEK/ERK  

pathways. 
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1.11 MAPK Kinase Pathway: 

Mitogen-activated protein kinase (MAPK) pathway is also known as RAF/MEK/ERK 

pathway.  In recent years due to remarkable development in the area of inhibitors, it is 

considered to be one of the focal areas of cancer research. The concept of MAPK pathway is 

based on interaction of protein chain in the cell responsible for communication / signalling 

to cell surface and later on transmit it to DNA inside nucleus of the cell. The MAPK 

pathway is an important regulator of many processes that are critical to the malignant 

phenotype, and a number of genetic alterations that activate the pathway have been detected 

in multiple kinds of cancer (Michael and Scott, 2013). Presently, there is no very successful 

and cancer specific therapeutic strategy to inhibit or target the neoplasm malignant cells; but 

identification of the downstream effectors on cancer population that arbitrate the resistance 

could further clarify potential therapeutic strategies. The work published by Smith et al did 

not rule out the option of overlap of SMURF2/PAX3/ MITF- inhibitory mediated resistance 

with other MEK-independent resistance mechanisms, such as cell proliferation, receptor 

responsible for  tyrosine kinase expression, or PI3K–AKT pathway activation. 

 

A broad cataloguing of these and other emerging resistance mechanisms in clinically 

annotated specimens may shed further insights into the heterogeneity of MAPK pathway 

inhibitor resistance and ultimately enhance the clinical benefit of targeting the MAPK 

pathway in patients (Michael and Scott, 2013). 
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1.12 Apoptosis  

The concept of PCD was first identified by plant biologists in 1920s (Jones, 2001). In 

unicellular microbes the mechanisms of apoptosis is less understood in comparison to 

metazoan, though some researchers presuppose it as unicellular origin with a later adoption 

by higher multi-cellular species (Ameisen, 2002).  In general, PCD is one of the mechanisms 

responsible for cell death following intrinsic or extrinsic caspase pathway to damage cell 

DNA or cytoskeleton.  

Apoptosis perform an indispensable job for survival of the organisms and is considered to be 

a vital factor of various processes including normal cell yield, proper development and 

performance of the immune system, duplication of mutated chromosomes, hormone- 

dependent atrophy, normal embryonic development, elimination of indisposed cells and 

maintenance of cell homeostasis (Reed & Tomaselli, 2000; Elmore, 2007). Apoptosis 

triggered by etiological factors including; ultraviolet radiation, oxidative stress, and toxic 

substances is a key phenomenon within biological systems. 
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Fig. 1.12.—Schematic representation of apoptotic events. The two main pathways of apoptosis are 

extrinsic and intrinsic as well as a perforin/granzyme pathway. Each requires specific triggering signals 

to begin an energy-dependent cascade of molecular events. Each pathway activates its own initiator 

caspase (8, 9, 10) which in turn will activate the executioner caspase-3. The execution pathway results in 

characteristic cytomorphological features including cell shrinkage, chromatin condensation, formation of 

cytoplasmic blebs and apoptotic bodies and finally phagocytosis of the apoptotic bodies by adjacent 

parenchymal cells, neoplastic cells or macrophages. (Elmore, 2007) 

 

Apoptosis is morphologically distinctive from necrosis. Both phenomena depend on the types, 

developmental stages, physiological environment of tissues and the nature of death signal. 

Abnormality of apoptotic pathway may lead to cancer / autoimmune disorders. The progression 

of tumor cells can be curtailed by using potent apoptosis-inducing compounds. 

1.13 Histone Variants 

Histone variants consist of protein components of chromatin. These histones are important for  

characterization and compaction.  The N-terminal histone tails are subjected for methylation, 

acetylation and phosphorylation. These post translational changes responsible to generate an 

extensive catalogue of chromatin organizations (Cindy and Peter, 2013; Lachner et al., 2001). It 

is  previously reported that member of histone lysine methyltransferase family( SMYD3) play 
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essential role to stimulates proliferation of cells in human carcinogenesis (Hamamto et al, 2006). 

There are many of these histone variants which are  biochemically identical, but their role in 

HCC cancers is still need to be determine. WHSC1, Wolf-Hirschhorn syndrome candidate 1 is 

member of histone methyltransferases family and it plays important roles in human Oncogenesis.  
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2. HYPOTHESIS AND RATIONALE 

 
 

Managing cancer therapy remains intricate, in spite of substantial advances in understanding the 

drug mechanism of cancer. Clinicians still largely rely upon radiotherapy and chemotherapy. 

Though, large numbers of anti-carcinogenic agents are under rigid and scientifically 

sophisticated clinical drug trials for active development. But, still there is a desperate need for 

more practically applicable, inexpensive and less toxic therapies. The development of novel 

drugs with structural manipulation with interdisciplinary approach can further help us to explore 

the role of molecular targets that are implicated in various cancers including HCC. Undoubtedly, 

this trend will continue as specific means of targeting molecules which are responsible for cancer 

growth.  

 

New applied techniques which provide higher resolution based on advance scientific merits and 

intelligent incorporation of background knowledge produced by scientific community in last 12-

15 decades may unwrap future avenues to fight against life threatening diseases like Cancer and 

HIV/ AIDS by introducing alterations in the chemical structure of novel/existing drugs.  

 

Hepatocellular carcinoma (HCC) is among the most frequent cancers in the human population. 

Despite its high incidence rate in the world, there is only little understanding of the molecular 

mechanisms leading to the onset of hepatocarcinogenesis. Owing to genetic heterogeneity of 

HCCs, development of therapeutic options are very limited (Farazi and DePinho, 2006). 
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Therefore, it is of ultimate importance to delineate the mechanisms leading to transformation of 

hepatocytes and develop new strategies to implement novel tumor-suppressive therapeutics.  

 

In the framework of present study, structurally manipulated three different categories including 

oleanolic acid, abietic acid and dehydroabietalamine derivatives were subjected for cytotoxic 

screening. All 40 purified derivatives were subjected for cytotoxic evaluation on HCC cell lines. 

It is believed that choosing in-vitro conditions are ideal models for prliminary studies because it 

provide homogenous and high  quality (intact) enviornment  which is very feasible to understand 

the cellular deviations and other interlinked mechnisms for advance analysis. Other advantage of 

performing these trials are rapid and inexpensive. Thus, present findings may reveal new regions 

for modern cancer drug therapy by special focus on HCC.  Analysis of these new  drug 

candidates may contribute to our understanding of cancer therapy by introducing and comparing 

new and more potent mechanisms of drug action to combat against cancers. 

 

Insights in to the multidimensional approach for treatment options of HCC based on molecular 

pathogenesis and cytotoxic chemotherapeutic findings revealed that HCC has identified several 

aberrant signaling pathways, which served as targets for novel therapeutic agents. These 

preliminary discoveries have been targeted by research community of cancer to transcribe it into 

the clinical realm for the betterment of advanced stage HCC patients. It is also discovered that 

Sorafenib (approved by FDA, 2007 for HCC) have some potential of targeted agents to produce 

clinically meaningful survival benefits for patients with HCC. But further express efforts are 

required to be continued in the pursuit to perk up the outcome for HCC patients through the 
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novel therapeutic drug development and rationale synergic combinations of existing and novel 

interventional strategies for other targeted agents.   
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3. EXPERIMENTAL 

 

3.1 MATERIALS 

 

3.1.1 General Reagents 

All reagents for chemical work were purchased from Sigma–Aldrich and Merck and were used 

without further purification. Technical grade solvents were used for chromatography and 

distilled prior to use. Thin layer chromatography was performed on M-N ALUGRAM 

(registered) Silica gel/ UV 254 sheets, and detection of spots was made by UV light and/or 

iodine vapors. Column chromatography was performed using silica gel 70–230-mesh.  

For biological part, most of the chemicals used in the laboratory including ethanol, SDS, sodium 

hydrooide  and methanol were purchased from Sigma-Aldrich (St. Louis, USA). DMSO was 

purchased from Applichem Biochemica (Darmstadt, Germany). Agarose and low melting 

agarose was from Sigma Biosciences (St. Louis, USA). Nucleospin RNA II total RNA isolation 

kit was from Macherey Nagel (Duren, Germany). Electropherogram were taken using Agilant 

2100 kit as per given protocol. 

 

3.1.2 Tissue culture materials and reagents 

Dulbecco’s modified Eagle’s medium (DMEM) and Roswell Park Memorial Institute (RPMI) 

1640 medium were purchased from GIBCO (Invitrogen, Carlsbad, CA, USA). Other cell 

medium components, penicillin/streptomycin solution, trypsin-EDTA and fetal bovine serum 

(FBS) were also from GIBCO. Tissue culture flasks, petri dishes, plates, slides cryovials were 
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obtained from Corning Life Sciences Incorporated (USA). Serological pipettes were from Co-

star Corporation (Cambridge, UK). 

 

3.1.3 Electrophoresis, Photographs and Spectrometry 

Apparatus of electrophoresis was from Thermo Scientific (Wilmington, USA). Power supplies 

Power-PAC200 and Power-PAC300 were from Bio-Rad Laboratories (CA, USA). Drug 

Cytotoxicity was measured by SRB Assay using spectrophotometer Beckman Du640, from 

Beckman Instruments Inc. (CA, USA). Total RNA purification was done using Nucleospin RNA 

II kit (Macherey-Nagel) and measurements were performed with Nano-Drop from Thermo 

Scientific. ELISA reader was from Beckman Instruments. 

 

3.1.4 Stock Solution Preparation 
All stock solutions were prepared in 100 % DMSO with a concentration of 20mM. Further 

dilutions were made up to 0.1% of DMSO with the help of respective media used for each cell 

line. 

 

3.1.5 Cell Lines 

Ten hepatocellular carcinoma(HCC) cell lines including HuH7, Hep 3B, Hep 3B-TR, Hep G2, 

Hep 40, Snu 449, Mahlavue, PLC, Snu387 and Snu 475. While, one breast cancer line MCF7 

was also used for primary screening.  
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Cell Line Origin Age Gendre HBV DNA Chromosome 

Ploidy 

Hep3B USA 08 years male Positive Hyperdiploid 

Hep3B-TR - - - - - 

PLC/RAF/5 South Africa - male Positive Hyperdiploid 

Huh7 Japan  male Negative Hypotetraplpoid 

HepG2 Argentina 15years male Negative Hyperdiploid 

Hep40 China - male Positive Hyperdiploid 

Mahlavu - - Female - - 

Snu449 Korea 52years male Positive Hypertriploid 

Snu475 Korea 43years male Positive Hypertriploid 

Snu387 Korea 41years female Positive Hypertriploid 

Mcf7* USA 69years female Positive Hypertriploid 

*Brest cancer cell line 

 

3.1.6 Reagents 

1% Agarose Gel 

0.3 g agarose  added to 30 ml  1x TAE.   After that solution was boiled in the microwave for 

about 20-30 sec. to dissolve the agarose.   

 

10x Phosphate-Buffered Saline (PBS)  

80gr   NaCl  

2gr   KCl  

14.4gr   Na2HPO4  

2.4gr   KH2PO4  

Dissolved in 1 lt of water and pH is adjusted to 7.4.  
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50x TAE Stock Buffer (Tris-Acetate-4EDTA)  

242gr   Tris Base  

57.1 ml  Acetic Acid  

100ml   0.5M EDTA  

ddH2O was added to 1 liter and adjust pH to 8.5 

 

Membrane Lysis Buffer (pH 10) -  1000 ml  

146,1gr   NaCl (2,5M) 

37,2gr    Na2EDTA (0,1M) 

1,2gr   Trizma Base (0,01M) 

10gr    NaOH (0,25M)  

25,88 ml   30 % Na-Laurosilsarkosinat (%0,77 final concentration) 

Mix all substances in 200-300 ml water except detergant (Na-LS). Finally added detergant 

without bubles. After Adjustment of pH, water was added to reach final volum  and autoclaved. 

this solution was kept @ RT. 

 

Lysis Mixture (prepare freshly)80 ml for 1 jar 

71,2 ml  Membrane Lysis Buffer 

8 ml   DMSO 

0,8 ml   100% Triton X-100 (final concentration 1%) 

This mixture was prepared freshly. Each jar contained 8-12 slides (back to back).  
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Electrophoresis Buffer; (prepared freshly pH:12.8) 

0,555gr  Na2EDTA 

10gr   NaOH 

1500 ml  dH2O 

 

This buffer solution was  prepared during the lysis buffer incubation and temarature was 

maintained exactly +4 °C without ice to do that 2 L ddH2O was stored at 4°C one day before 

experiment.  

 

Nuetralization Solution (pH:7,5) 

48,44 gr Trizma Base  

1000 ml dH2O 

 

DAPI Solution (50 ml  at 4
o
C)  

0,0001gr  DAPI  

50ml  dH2O 

This solution is sensitive to light. Therefore, it was  kept in dark. 2ml of the stock was filtered 

and diluted (1:15) before use.   

 

Flow Blocking Buffer 

1.0gr   BSA 

0.05gr   NaN3 

100 ml   PBS 
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Propidium Iodide (PI) Staining Buffer 

250 µl   1 mg/ml PI stock solution 

50 µl   10 mg/ml RNase A 

25 µl   Triton X-100 

4675 µl  PBS 

PI solution was freshly for each round of experiment. 

 

Permeabilization Solution 

0.1%    Saponine 

1X   PBS 

1.0%   FBS 

Solution was prepared freshly each time from Saponine stock solution and retained at 4°C 

through out the use.  

  

Saponine Stock (20X) Solution 

20gr   Saponine 

100ml   FBS (filtered) 

The solution was mixed vigorously and stored at -20°C. Further dilutions were done in 1X PBS. 

 

Primer Antibody 

For gene expression experiment, WHSC1 purchased from Abcam. Further dilutions of stock 

solution were made by freshly prepared saponine solution  to makeup 1/250 final concentration. 
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Secondary Antibody 

Fluorescein isothiocyanate (FITC) was used as secondary antibody and further diluted up to 

1/250 of stock concentration.  

 

Tris-buffered saline (TBS) 

100 ml   1M Tris-Cl, (pH 7.5) 

9gr    NaCl 

ddH2O was added to makeup final volume of 1 litre and Stored at 4°C.  
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3.2METHODS 

3.2.1 Extraction and Isolation of oleanolic acid 

 

The fresh, un-dried and uncrushed leaves (100 kg) were repeatedly extracted with methanol (five 

times) at room temperature. The solvent from the combined extract was evaporated in vacuum 

and the concentrated into gummy extract. The gummy plant extract (vide experimental) from 

aerial parts of the plant was stirred with water and Ethylacetate (EtOAc) resulting in three layers, 

aquous layer, EtOAc soluble layer and solid particles sandwiched between two solvents. The 

EtOAc part was evaporated to obtain gummy mass was obtained, which after dissolving in 

minimum amount of EtOAc treated with excessive amount of hexane resulting in precipitation.  

The hexane insoluble part (precipitates, 250 g) was subjected for charcoaling in CHCl3-MeOH 

(9.5:0.5) yielded < 95% pure crystalline oleanolic acid (OA-1) identified through comparison 

TLC with authentic sample and comparison with spectroscopic data as reported in literature. 

 

3.2.2 General procedure for the preparation of Amides from amino acids  

 

To a solution of oleanolic acid (1 mole) in dichloromethane, dicyclohexyl carbodiimide (DCC, 1 

mole), 4-dimethyl amino pyridine (DMAP, 0.5 mole) and amino acid esters (1 mole) were added, 

the resulting mixture was stirred at room temperature for two hours. After completion of reaction 

50 ml of ethyl acetate was added and filtered, to the filterate 20 ml of water added and organic 

layer separated. Repeatedly 20 ml of water was added and the organic layer was separated. Dried 

with anhydrous sodium sulfate and evaporated. 
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N-[(3β)-hydroxy-12-en-28-oxoolean-28-yl]-L-cysteine methyl ester (OA-3) Yield: 90%; 

Amorphous solid, IR (KBr): υmax = 3401, 2931, 2858, 2550, 1740, 1646, 1507, 1451, 1388, 1207 

cm
-1

; 
1
H NMR (300MHz, CDCl3) δ: 2.93 (1H, dd, J = 13.1, 3.6 Hz, H-18), 3.23 (1H, dd, J = 

12.3, 5.0 Hz, H-3 ), 5.40 (1H, s, H-12), 5.08 (1H, t, J = 6.8 Hz, H-2'), 2.83 (1H, d, J = 6.8 Hz, 

H-2'); HRMS-ESI calcd for C35H57O4NS (M+H)
+
 588.4087, found 588.3954.   

 

N-[(3β)-hydroxy-12-en-28-oxoolean-28-yl] ]-L- tryptophane methyl ester (OA-7) Yield: 

91%; Amorphous solid; IR (KBr): υmax = 3401, 2931, 2858, 1740, 1646, 1507, 1451, 1388, 1207 

cm
-1

; 
1
H NMR (300MHz, CDCl3) δ: 2.93 (1H, dd, J = 13.1, 3.6 Hz, H-18), 3.23 (1H, dd, J = 

12.3, 5.0 Hz, H-3 ), 3.750 (2H, s, H-2'), 5.40 (1H, s, H-12), 7.071 (1H, s, H-10'), 7.107 (1H, t, J 

= 7.2 Hz, H-7'), 7.174 (1H, t, J = 7.2 Hz, H-6'), 7.311 (1H, d, J = 8.0 Hz, H-8'), 7.591 (1H, d, J = 

7.6 Hz, H-5'); HRMS-ESI calcd for C42H60O4N2 (M+H)
+
 657.4631, found 657.4569.   
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Scheme-1:  Schematic diagram of isolation 
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 3.2.3Cell culture methods 

All cell lines used in this study were grown in media supplemented with 10% fetal bovine serum 

(FBS), 1% non-essential amino acids, 100 mg/ml penicillin/streptomycin at 370C and 5% CO2. 

Ten HCC cell lines including Huh7, HepG2, Hep3B, Hep3B-TR, Hep40, PLC/PRF-5 and 

Mahlavu cell lines were cultured in DMEM, whereas SNU475, SNU387 and SNU449 were 

cultivated and maintained in RPMI growing media. One breast cancer cell line i.e MCF7 was 

also used and seeded and maintained in DMEM. 

 

3.2.4 Sub-culturing of cell lines  

All cell lines were grown until reached up to 80-90% confluency in plates/flasks. Old medium 

was removed from the flasks using vacuum pump and the cells were washed with 1XPBS. A 

proteolytic enzyme solution, trypsin/EDTA was added to respective plate/ flasks and cells were 

incubated for 2-3. After detachment of cells from the flask/plate surface, fresh medium was 

added to inactivate the trypsin. Finally, collected cells were then transferred to new plates as per 

desired ratio. 

 

3.2.5 Cryopreservation of cells 

Cells were recovered by 5 ml of DMEM/RPMI after trypsin treatment. Respective cell lines were 

centrifuged at 1500 rpm for 4-5 minutes. After washing with 5 ml 1X PBS, centrifuged cells 

were again spinned down at 1500 rpm for 4-5 minutes and pellet at the bottom of 15ml falcon 

tube was then resuspended in 1 ml of  ice cold Freezing respective  complete medium 

supplemented with 10% FBS and 8% DMSO. At last, cell suspension was transferred to orange 
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top cryopreserve vials. Preserved cells were left at -200C for 1 hour then transferred to store 

overnight at -800C; and for longer storage transferred in to nitrogen tank. 

 

3.2.6 Thawing of frozen cells 

One cryo vial of each of the frozen cell line was taken from the nitrogen tank or -800C facility 

and put into ice immediately. The vial was then placed into water bath at 370C until the ice 

became a cell suspension. The cells were resuspended gently using a pipette and transferred to 15 

ml falcon tube by adding 5 ml of respective medium. Cells were then centrifuged at 1500 rpm for 

3-5 minutes to get rid of the DMSO which was discarded following centrifugation by removing 

the supernatant. The pellet was then resuspended in respective complete culture medium with 

20% FBS and plated into suitable culture disk and/or flask. Cells were left overnight in culture 

and cells were supplied fresh complete media on next morning. 

 

3.2.7 Cell confluency 

Based on previous references, different cell confluencies ranging from 10,00/well to 10,000 

cell/well were used to see the cell densities on all cell lines. Three to four different cell cell 

concentrations per well were used, based on previous publish data and information about each 

cell line. For each cell line  appropriate cell confluency number per well was calculated to 

achieve OD range in between 0.5 – 1.1 for controls of each cell line using SRB screening. 

 

3.2.8 Cytotoxicity Screening Protocol 

SRB method was used for screening (Skehan P. et al., 1990, Vanicha V. et al., 2006 ). One 

hepatocellular carcinoma (HCC) cell line HuH7 and one breast cancer line MCF7 were used for 
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initial screening of trial drugs. For both HUH7 and MCF7 cell lines, 2000 cells / well were 

cultured in 96 well plate in incubator at 37
0
C with 5 % CO2 in complete medium (DMEM, 10% 

FBS, 1% NEA, 1% L-Glutamine and 1% P/S ) and wait for 24 hours. All stock solutions were 

prepared in 100 % DMSO with a concentration of 20-40mM. Further dilutions were made with 

the help of respective media used for each cell line. After 24hours, all trial drugs were introduced 

in two different (50uM and 10uM) concentrations in triplicate for each sample and plates were 

further incubated for next 72 hours. After 72 hours, media were discarded and cells were washed 

once by using 1XPBS. For fixation, 50ul of ice cold 10% TCA was added into each well and 

kept in dark at 4
0
C for one hour. After fixation, the TCA was removed by tapping and plates 

were washed 4-5 X with  200 μl dH2O. Plates were left over night for drying under hood. 

Finally, 50ul of 0.4% sulforhodamine B (SRB) in 1% acetic acid solution was added to each well 

and left at room temperature for 10 min. SRB was removed and the plates washed 4-5 times with 

1% acetic acid before air drying. Bound SRB was solubilized with 100 ul of 10 mM un-buffered 

chilled Tris-base solution and plates were left on a plate shaker for at least 1-2 min. Absorbance 

was recorded using μ-Quant microplate (ELISA) reader with a wave length range of 405-515nm. 

The test OD values were defined as the absorbance of each sample. Mean values were 

determined and standerd deviation was found satisfactory ranging in between 0.001 to 0.25 in all 

respective samples from triplicates wells which was calculated automatically using Excel 7.0 

software for Windows 2007.  

 

 

 

 



39 

 

3.2.9 Cell Morphology 

6-well plates were used for photographs of each cell line and 3x10
5
 cells were maintained in each 

well, after 24 hours drug was administered. Photographs of most sensitive(Hep3B) and resistant 

(Snu449) cell lines were taken during three consecetive intervels i.e  24, 48 and 72 hours for both 

controls and samples. All photographs were taken at 20X using light microscope. 

 

3.2.10 Cell Prolifration Assay 

Cells were plated in 10cm
2
 Petri plates at 3-4 x 10

5
 cells per plate for 24 hours. For time zero 

samples, cells from specified plates were collected after trypsinization and stored after fixation as 

describerd below.  After 24 hours, fresh complete medium containing desired concentration of 

trial drug was administered and for controls fresh medium was replaced and plates were 

incubated at 37
o
C. Incubated cells were harvested in different intervels by trypsinization for 3-4 

minutes and collected in 15ml falcon tubes with whole medium. Cell suspension was centrifuged 

at 1500 rpm for 5 minutes, supernatent was aspirated and cells pallet was resuspended in 5ml of 

PBS by pippetting and recentifuged for 5minutes at 1500 rpm.After the aspiration of supernatent, 

cell pallet resuspended into 2 ml of PBS and vortexed before adding ice cold ethanol. For 

fixation, ice cold 100% ethanol was added in to cell suspension drop by drop with gentle mixing 

until 70% of ethanol final concentration.   Fixed  cell suspension was stored at 4
o
C. Before 

staining fixed cells were centrifuged at 1500 rpm for 5minutes by maintaining 4
o
C. The 

supernatent was aspirated and  500ul PI soultion was added  and mixed with  pipette  couple of 

times to break cell clumps. Cells were incubted  at 37
o
C for 45 minutes in dark, becouse PI  is 

light sensitive. After PI staining, 2ml PBS was added into each falcon tube and after vortexing, 

centifuged at 1500 rpm for 5minutes at 4
o
C. At last supernatent was aspirated and according to 
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pallet size 400 to 700ul PBS and stained cells were analyzed by flow cytometry using BD 

FACScalibur. Cell cycle arrest was assessed through analysis of the proportion of cells in the 

sub-G1, G1, S, and G2/M fraction of the cell cycle using Cell Quest Pro. 

 

3.2.11 Comet Assay 

Freshtly prepared 100 ml 1% normal melting agarose poured into a jar and kept  in a water bath  

at 50-55 °C. The slides were placed  into  jar vertically and kept the slides  about 15-20 mins at 

room temprtaure (RT). The slides  were taken out from the tank  very carefully to keep them 

transparent and without blisters. After that agarose coated slides were stored at +4°C  in 

refrigerater for about 1 month. (Never clean slides before to cover agarose). 15 ml of 0.7% low 

melting agarose (LMA) was also preapared and Kept it  at +4°C. At the time of  triple lyer slide 

preparation for comet assay, LMA was  put into water bath  for 40-60 mins before use at 37°C.  

 

Both controls and treated cells  were taken from incubator and washed with 1X cold PBS once. 2 

ml of  1xPBS for each well of 6 wells plate was added and cells were collected direcly in to 15ml 

flcon tubes without trispinization. The collected cell were centifuged using 1000  rpm for 6 min. 

at +4°C. Supernatant was discarded and pallet of the cells resuspend with cold PBS (700 μl) 

without bubling. 5-10 μl cell suspension was put on  already prepared 1% agarose coated slide, 

and coated with 70-80 μl LMA with cover slip (24x50 mm) onto the cells. Cells were counted 

under the microscope to validate the desired cell number and stored for 12-15 min at +4 
o
C to 

alow LMA layer to solubilized. After that cover slip was taken out laterally to one direction. For 

third lyaer, again 70-80ul of LMA  covered with cover slip was used  for coating, and the slides 

were kept at @+4°C   for about 12-15 mins. After that the coverslips were taken and sliders were 
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pour in to tank for atleast one hour containing lysis buffer and importantly temprature was 

maintained at +4°C. Slides were taken out and washed with neutralization buffer thrice 

 

In the final step, freshly prepared electrophoresis buffer  (0,555 g Na-EDTA + 10 g NaOH cold 

1.5 L dH2O maintained at  +4
o
C) was poured  into electrophoresis tank and coverd with  with ice 

to maintain the temprature before use.  The washed slides were placed without any gap into the 

tank as writing place of slides on +ve side of electrode.  Power supply for electrolysis tank was 

maintained on 25 V and maximum  up to 280 amp. Incubation of the slides was done in dark 

with electrophoresis buffer for 20 mins to denaturate DNA and then  DNA was run at 25V 260-

280 amp 20 mins. 

 

At last, Slides were taken out and washed with neutralization buffer thrice gently and kept slides 

into the buffer until DAPI staining.  For DAPI staining, 45μl, (5μg/ml DAPI) with 24x50 mm 

coverslip onto the slides was applied and kept into the humidity chamber at (papers with water) 

@+4°C before taking the pictures on flourscent microscope.  

 



42 

 

 

Fig. 3.1: Schematic presentation of comet assay 

 

3.2.12  Gene Expression using Flow Cytometry 

After 72 hours, the both treated and untreated cells were trypsinized and collected in 15ml falcon 

tubes separately. Atleast three cell samples were preapred for each trial condition with 1X10
6
 

cell per tube. For counting of cells hemo cytometer was used. The collected cells were 

centrifuged at 1400 rpm for 5min. At room temprature. After the aspiration of supernatent, 

FACS lysing buffer solution (1X) 500µl was added into each falcon tube and vortexed several 

times to dissolved thecell pallet and wait for 10 min.  Fixed cells were than washed with (1X) 

PBS and centrifuged at 1400 rpm for 10 min. at room temprature.  
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Supernatent was aspirated and from the falcon tubes and freshly prepared 500µl of 

premeabilization solution was  added. The falcon tubes were incubated at 4
o
C for 10 min. After 

that 1ml saponine solution was added into each tube and centrifuged at 1400 rpm for 10 min. at 

4
o
C. Supernatent was aspirated and for controls (duplicate samples) 100µl of saponine solution 

was added. While, 100µl of freshly prepared primer antibody was added in to samples 

(triplicates) and mixed well. All the falcon tubes were incubated at 4
o
C fopr one hour.  After one 

hour, cells wer washed with saponine solution by vortexing and than centrifuged at 1400 rpm for 

10 min. at 4
o
C.  After aspiration of supernatent, 100µl of secondary antibody (FITC) was added 

into all controls and samples; and incubated in dark for one hour at 4
o
C.  After one hour, cells 

wer washed with 1X PBS solution by vortexing and than centrifuged at 1400 rpm for 10 min. at 

4
o
C.  Finally, supernatent was discarded and cell pallets were dissolved in 300-500µl 1X PBS 

and cells were kept in dark. Readings were taken at BD FACS calibur within one hour. For 

analysis Quest Pro software was used. 
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4. RESULTS 

 

4.1Amide Derivatives 

4.1.1Chemical 

The synthesis of compounds 2-13 was accomplished according to scheme-4.1.1 by our 

collaborators at Department of Chemistry, University of Karachi, Karachi, Pakistan.  

H2N HN
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OH
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+ B(THF)

Scheme -1

R R

N
H

N
H

2

4

6

8

10

12

3

5

7

9

11

13

4.1.1

 

 

4.1.2 Biological 

A total of 12 novel fatty acid amide derivatives were screened for their cytotoxic effect on one 

breast cancer and ten HCC cell lines by SRB technique as described in experimental part. Trial 

drugs (2-13) were introduced in two different (50µM and 20µM) concentrations in triplicate for 

each sample. Based on primary screening results (figure 4.1.2.1), 11 with a functional site of 
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phenyl acetic acid was found to be the most potent with 100% growth attenuation at 50µM 

concentration on Huh7 and Mcf7 cells. Therefore, most potent trial drug 11 was further subjected 

for systematic primary screening with ten HCC and one breast cancer cell lines to see the % 

inhibition at 10µM concentration.(Figure 4.1.2. 2) 
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Figure 4.1.2.1
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4.1.2.1 IC50 Determination 

As per above mentioned findings, five HCC including Huh7, Plc, Snu475, Mahlavue and hep3B-

TR; and breast cancer Mcf7 cells were cultured in 96 well plate in specified cell number/well for 

each cell line and incubated for 24 hours. After 24hours, cells were treated with 11 drug at 

different concentrations in triplicates ranging from 10µM to 0.313µM; for controls up to 0.1% 

DMSO final concentration was maintained with respective media for each cell line; 

camptothecin as a positive drug indicator was also used in triplicate at 5µM concentration. 

Camptothecin showed 95%-100% growth attenuation at 5µM concentration on all cell lines.  
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As presented in table-4.1.2.1, lowest IC50 value of 11 on Mcf7 (4.8µM) was recorded. Moderate 

inhibitory response on HCC cells was observed ranging from Plc (7.4µM) to mahlavue with the 

IC50 value of 39.7µM,   representing that this drug might have comparatively higher therapeutic 

index on Mcf7 cells and HCC cells than other trial drugs of the study.   

 

 

 

 Table-4.1.2.1: IC50 [µM] for Compound-11 

Cell line Cells/well 

Average 

control 

OD 

IC50 

(µM) 
R

2
 

Mcf7 2500 1.0275 4.8 1.0 

Plc 5000 1.3472 7.4 1.0 

Snu475 2000 0.5038 9.8 1.0 

Hep3B-TR 3500 0.9402 11.7 0.8 

Huh7 2000 0.914 11.8 1.0 

Mahlavue 2000 0.6662 39.7 0.8 

 

 

4.1.2.2 Comparison of cytotoxic effects of compound 11 with parent DAA compound 

Cytotoxic activity of derivative 11with parent compound DAA was compared on three cell lines, 

Mcf7, PLC/RAF/5 and Huh7. Three different concentrations were applied, 10, 5 and 2,5µM. At 

10µM parent compound showed almost 100% growth attenuation, while at 5µM moderate 

inhibitory response of both 11 and DAA was determined (Fig. 4.1.2.2). Significant difference in 

rate of inhibition was observed at lowest 2,5µM concentration among DAA and 11, may be due 

to more chemical stability of derivative 11 with addition of amide group at C-18 than parent 

compound DAA. 
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4.2 Oleanolic Acid Derivatives 

4.2.1 Chemical 

A structural modification of organic compounds often enhances biological activities of 

secondary metabolites. For this reason six amino acid conjugates of oleanolic acid, have been 

synthesized  including; 

 N-[(3β)-hydroxy-12-en-28-oxoolean-28-yl]-glycine methyl ester (OA-2),  

N-[(3β)-hydroxy-12-en-28-oxoolean-28-yl]-L-cysteine methyl ester (OA-3),  

N-[(3β)-hydroxy-12-en-28-oxoolean-28-yl]- L-leucine methyl ester (OA-4),  

N-[(3β)-hydroxy-12-en-28-oxoolean-28-yl]-L-phenyl alanine methyl ester (OA-5),  
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N-[(3β)-hydroxy-12-en-28-oxoolean-28-yl] ]-L-alanine ethyl ester (OA-6),  

N-[(3β)-hydroxy-12-en-28-oxoolean-28-yl] ]-L-tryptophane methyl ester (OA-7)  

Out of above, two (OA-3 and OA-7) are new compounds. Oleanolic acid was isolated from 

Periploca aphylla applying a simple and time saving strategy. Periploca aphylla is shrub 

common in southern region of Pakistan (Rehman et al., 2003). The aerial parts (leaves and stem 

bark) of Periploca aphylla were collected from surroundings of Karachi region during January 

and February 2009.  

Isolation of Oleanolic acid has been done in four simple steps. Scheme-1 shows isolation of 

oleanolic acid (vide experimental). 

 

Six (OA-2- OA-7) amino acids ester derivates based conjugates of oleanolic acid were prepared 

by coupling C-28 carboxylic acid with amino moiety of amino acid (Sheehan and Hess, 1955).  

The structures of these compounds were confirmed through ESI, IR and 
1
H-NMR spectroscopic 

data and comparison with reported literature (Budzikiewicz et al., 1963; Zhang et al., 2005). 

 

 

Scheme-4.2.1:   Synthesis of amino acid conjugates of Oleanolic acid (OA-01) 
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Table 4.2.1: Oleanolic acid and its derivatives 

S.# Code Structure 

1 OA-01 

 
2 OA-02 

 
3 OA-03 

 
4 OA-04 

 
5 OA-05 

 
6 OA-06 

 
7 OA-7 
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The amide bond between OA-1 and amino acid esters was achieved by applying most common 

strategy of amide formation i.e. carbodiimide protocol. In a general procedure 1 equivalent of 

OA-1 in dichloromethane (CH2Cl2), 2 equivalent of respective amino acid ester, 1 equivalent of 

dicyclocarbidiimide (DCC) and 0.5 equivalent of dimethylaminopyridine (DMAP) were stirred 

at room temperature for 2 hours. After usual workup respective amino acid derivatives (OA-2-

OA-7) were obtained scheme-4.2.1. 

 

4.2.2 Bilogical 

4.2.2.1 Comparative significant inhibition rates of OA-04 and OA-06 

In recent study, a total of six OA derivatives were screened for their cytotoxic effect on one 

breast cancer and eight HCC cells by SRB technique as described in experimental part. Trial 

drugs OA-02, OA-03, OA-04, OA-05, OA-06, OA-07 and parent  compound OA-01 were 

introduced in two different (50µM and 10µM) concentrations in triplicate for each sample. Out 

of six OA derivatives, OA-04 (100%) and OA-06 (100%) showed higher inhibitory effects on 

both Huh7 and Mcf7 cell than parent compound OA-01 (41% and 73%) at 50µM concentration. 

Similarly, as presented in table4.2.2. 1; comparatively significant increased of inhibitory effects 

was recorded at 10µM of both OA-04 and OA-06. 
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                  Table 4.2.2.1: Comparison of inhibition rates (%) 

 

 

Compound  

Code 

Inhibition rates (%) 

Huh7 Mcf7 

50µM  10µM 50µM 10µM 

OA-01 40,98 29,11 72,91 16,4 

OA-02 0 0 40,81 0 

OA-03 12,6 0 27,63 0 

OA-04 100 33,42 100 66,54* 

OA-05 89,81 11,49 97,44 2,04 

OA-06 99,8 44,58* 100 30,01* 

OA-07 93,43 25,99 99,21 30,27* 

*statistically significant (p<0.01) increased inhibition rates than parent compound (OA-01) 

 

Based on primary screening results (figure 4.2.2.1), OA-04 with a functional site of as conjugate 

amino acid valine was found to be the most potent with 100% growth attenuation at 50µM 

concentration on Huh7 and Mcf7 cells; and significantly(p<0.0001) high inhibitory effect at 

10µM on Mcf7 cells . Therefore, most potent trial drug OA-04 was further subjected for 

systematic primary screening with eight HCC and one breast cancer cell lines to see the % 

inhibition at 10µM concentration. (Figure 4.2.2.2) 
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4.2.2.2 IC50 Determination 

As per above mentioned findings, Mcf7 and Huh7Cells were used. 2000-2500 cells were 

cultured in each well of 96 well plate and incubated for 24 hours. After 24hours, cells were 

treated with OA-04 drug at different concentrations in triplicates ranging from 10µM to 

0.313µM; for controls up to 0.1% DMSO final concentration was maintained with respective 

media for each cell line; camptothecin as a positive drug indicator was also used in triplicate at 

5µM concentration. The IC50 values against on both Mcf7 and Huh7 cell lines were determined 

against each drug concentration. Camptothecin showed 95%-100%  growth attenuation at 5µM 

concentration on both cell lines.  

As presented in inhibition curve in figure4.2.2. 3, IC50 value of OA-04 on Mcf7 was calculated 

as 18.9µM and 43.8µM on Huh7 cells;; indicating that this drug might have comparatively higher 

therapeutic index on Mcf7 cells than other trial drugs of the study. 
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In the first part isolation of oleanolic acid in large amounts from Periploca aphylla using very 

simple, time saving and comparatively inexpensive strategy was elaborated. Furthermore, six C-

28 amino acid conjugates of oleanolic acid were prepared to explore the role of structural 

manipulations and potential effects of these compounds HCC cell lines and one breast cancer cell 

line. Cytotoxic effects revealed that as compare to parent OA compound (OA-1), two amino acid 

conjugates derivatives OA-04 (p<0.0001) and OA-06 (p<0.01) showed significantly increased 

/higher  inhibition rates at 10µM. In addition, newly synthesized OA-07 showed significant 

(p<0.01) growth attenuation on Mcf7 cells, suggesting enhanced cytotoxic efficiency of 

structurally manipulated derivates. 

 

4.3 Abietic Acid Derivatives 

4.3.1 Chemical 

Isolation of abietic acid (parent compound) is completed from rosin of Pinus longifolia Roxb by 

Kraft Pulping Process by study partners at Chemistry Department, University of Karachi.  

The list of derivatives used for biological activities with their codes and functional sites are given 

in table -4.3.1.1  
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Table – 4.3.1.1: Fatty Acids Esters Abietyl-O-R 

Compound code Functional Site (R) 

AB1 
 

AB2 
 

AB3 

 
AB4 

 
AB5 

 
AB6 -OH 

AB7 

 
AB8 

 
AB9 

 
AB10 

 
AB11 

 
AB12 

 
 

 

4.3.2 Biological 

4.3.2.1 Primary Screening: 

In recent study, a total of 12 abietic acid derivatives and parent abietic acid compound screened 

for their cytotoxic effect on one breast cancer and four HCC cells by SRB technique as described 

in experimental part. Trial drugs ABA (parent compound) with 12 derivatives, AB1, AB2, 

AB3, AB4, AB5, AB6, AB7, AB8, AB9, AB10, AB11 and AB12 were introduced in two 

different (50µM and 20µM) concentrations in triplicate for each sample.  
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Figure-4.3.2.1: Primary screening of abietic acid derivatives 

 

As highlighted in primary cytotoxic screening results (figure 4.3.2.1), all derivatives showed 

higher inhibitory effects than parent compound. Out of all trial chemicals AB1 and AB2 

derivatives were found to be the most potent with more than 95% growth attenuation at 50µM 

concentration on Huh7 and Mcf7 cells; while parent compound ABA did not show any cytotoxic 

effect on both cell lines. Therefore, AB1 and AB2 further subjected for systematic primary 
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screening with four HCC and one breast cancer cell lines to see the % inhibition at 20µM 

concentration.(Figure 4.3.2.2) 

 

 

Figure 4.3.2.2 

 

4.3.2.2 IC50 Determination: 

As per above mentioned findings, Mcf7 and Huh7 Cells were used. 2000-2500 cells were 

cultured in each well of 96 well plate and incubated for 24 hours. After 24hours, cells were 

treated with AB1 drug at different concentrations in triplicates ranging from 50µM to 1,25 µM; 

for controls up to 0.1% DMSO final concentration was maintained with respective media for 

each cell line; camptothecin as a positive drug indicator was also used in triplicate at 5µM 

concentration. The IC50 values of three HCC Huh7, Hep3B and Plc cells; and one breast cancer 

cell line Mcf7  were determined by using  both potent novel drugs AB1 and AB2 . For each cell 

line 2500 cells / well in 96 well plate were seeded before 24 hours of drug introduction.  

Camptothecin showed 95%-100% growth attenuation at 5µM concentration on both cell lines.  



59 

 

As presented in Table 4.3.2.2, AB2 showed marked inhibitory effects on two cell lines Mcf7 and 

Huh7 with IC50 values of 16,7µM and 21,5µM respectively. While, due to less than 10% growth 

attenuation at 20µM of both Hep3B and Plc cells; IC50 values were not determined.    AB1 was 

found to be more potent derivative with lowest comparative IC50 values on Mcf7 (15,8µM), 

Huh7 (20µM), Hep3B (21,2µM) and Plc (31,6µM);; indicating that AB1 drug has comparatively  

significant cytotoxic effects than other trial drugs of the study. 

 

 

 

 

 

 

 

Table 4.3.2.2: IC50 Values Comparison 

 

Cell Line 

AB1 AB2  

Control 

OD 

IC50 

(µM) 

R
2
 IC50 

(µM) 

R
2
 

            
Mcf7 15,8 0,9 16,7 0,8 

                                                
1,028 

Huh7 20 0,7 21,5 0,8 1,357 

Hep3B 21,2 0,8 - - 0,605 

Plc 31,6 0,8 - - 0,508 
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4.4 Amino acid derivatives  

4.4.1Chemical 

The chemicals were provided by our collaborators from Department of Chemistry, University of 

Karachi, Karachi, Pakistan. In a general procedure, dehydroabietylamine converted to amide 

derivatives by dissolving it in dichloromethane than dicyclohexyl carbodiimide, 4-dimethyl 

amino pyridine and N-acetyl amino acids were added. The reaction mixture is stirred for 2 hr at 

room temperature. The Synthesis of compounds 1-7 was accomplished according to scheme- 

4.4.1. 

Scheme-4.4.1
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Table 4.4.1:N-protected amino acid amides RNH-dehydroabietane 

 

Compound No. R Yield % 

 

DAAD-1 N
H

O

O

 

82.85 

 

 

 

DAAD-2 HNHS

O

O

 

82.01 

 

 

 

DAAD-3 N
H

S

O

O

 

79.65 

 

 

 

DAAD-4 
HN

HO

O

O  

77.94 

 

 

 

DAAD-5 N
H

O

HO

O

O

 

78.66 

 

 

 

DAAD-6 
HN

O

O

 

76.18 

 

 

 

DAAD-7 

H
N

O

O  

82.63 

 

 

  

All seven novel chemicals were further evaluated for cytotoxic screening on HCC cancer cell 

lines. The details of all biological activities are given in next part. 

 

4.4.2 Biological 

4.4.2.1 Primary Screening and IC50 values using Sulforhodamine B (SRB) Screening  

In recent study, a total of seven DAA derivatives were screened for their cytotoxic effect on one 

breast cancer and ten HCC cells by SRB technique as described in experimental part.  
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Fig. 4.4.2.1a

 

Based on primary screening (Fig. 4.4.2.1a & 4.4.2.1b) results DAAD-2 with a functional site of 

N-acetyl cysteine group at C-18 was found to be the most potent with 100% growth attenuation 

at 50µM and 10µM concentration on HUH7 and MCF7 cells; was selected to see its cytotoxic 

effect and to determine IC50. Cells were treated with DAAD-2 at different concentrations in 

triplicates ranging from 10µM to 0.313µM; for controls up to 0.1% DMSO final concentration 

was maintained with respective media for each cell line; camptothecin (CPT) as a positive 

control was also used in triplicate at 5µM concentration to all cell lines. The IC50 values against 

all cell lines were determined against each drug concentration. Camptothecin showed around 

80% growth attenuation at 5µM concentration on Hep3B cells. While, inhibition rate of 

camptothecin found more than 90% on rest of cells lines. 
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dimethylphenanthren-1-yl)methyl)-3-mercaptopropanamide

Fig. 4.4.2.1b

 

 

 

As presented in table4.4.2, except Snu449 cell line with IC50 value more than 10µM; all other 

cell lines were showing 95% -100% growth attenuation at 10µM drug concentration of DAAD-2, 

with IC50 range from 2 to 8µM; indicating that this drug might have comparatively extensive 

therapeutic index than other trial drugs of the study. As reported in table-2 and graph curve (Fig. 

4.4.2.1C), Hep3B was found to be the most sensitive cell line among all with the IC50 value of 

2.0±0.4 µM and showed around 90% inhibition at 5µM drug treatment after 72 hours.
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Table 4.4.2: IC50 Values of 11 cell lines 

 

Cell Lines IC50 Value of DAAD-2 

(µM conc.) 

R
2 

Hep. 3B 2.0±0.4 0.9 

MCF7 2.2±0.8 0.8 

PLC 2.8±0.6 0.9 

Hep.3B-TR 3.2±0.8 0.8 

Hep. 40 3.5±1 0.5 

Snu 387 3.6±0.6 0.8 

Snu 475 4.3±0.6 0.7 

Mahlavue 5.2±0.9 0.6 

HUH7 6.4±2 0.6 

Hep. G2 7.6±0.8 0.8 

Snu 449 27.5± 9 0.7 

 

 

Fig. 4.4.2.1c: Inhibition Curves against DAAD-2
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4.4.3 Cell Morphology 

Reference to SRB findings, Hep3B and Snu449 cells were treated with DAAD-2 on 10cm
2
 Petri 

plates; using light microscope the differences in cell morphology was observed in DAAD-2 

treated and untreated cells and photographs were taken at 20X after 24, 48 and 72 consecutive 

hours.  

Noticable morphological changes resulting from low cell confluency, enlarged nucleus, cell 

rounding and loss of cellular attachment were observed starting at 24 hours after 5 µM of 

DAAD-2 administration. The extent of these morphological changes gradually increased from 24 

to 72 hours of drug treatment. These morpholgical changes suggest further biochemical and 

molecular investigation to rationalize these morphological outcomes (Fig.4.4.3). 

At the other site, Snu449 (Fig.4.4.3a) showed marked changes in cell morphology with increased 

number of un-attached cellular components in time dependent manner starting from 24hours to 

72hours after 10µM of drug treatment. But interestingly, in compliance to our SRB findings  

Snu449 cell confluence level did not show very prominent changes as compare to DMSO 

controls.  
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Fig4.4.3 : Cell Morphology (Hep3B)
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Fig4.4.3a : Cell Morphology (Snu449)
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4.4.4 Cell Progression of Hep3B and Snu449 cell lines with DMSO control and DAAD-2 

 

To further validate inhibitory influence of most potent trial drug DAAD-2;  cell cycle prolifration 

technique was adopted for quantitative distribution of cell in different phases of cell progression 

in comparison with DMSO control. As earlier described in experimental part, Hep3B the most 

sensitive cell line (IC50= 2 µM) and Snu449 (IC50 < 20 µM) as the mst resistant cell lines were 

studied accordingly.  Camptothecin (5µM) was used as positive contol to validate experiments. 

After 24 hours of cell seeding, time zero plates with DMSO control (0.1%) were prepared and 

cells were collected for quality control measures. The most potent drug DAAD-2 was used for 

experiments to see the cell prolifration of most sensitive cell line Hep3B at 5µM, 10 µM and the 

resistant cell line Snu449 at 10µM concentration of  DAAD-2 concentration.   The drug 

concentration for each cell line was adjusted as per IC50 value and  cell confluency findings of 

respective cell lines. The percentage of cells in each phase of the cell cycle (SubG1 (Go), G1, S 

and G2/M) was determined 12, 24, 48 and 72 hours after treatment.   

 To further validate the condition, time zero  duplicate samples were also collected before the 

drug treatment and presented in fig. 4.4.4.1 for Snu449; while in fig. 4.4.4.6, the data of Hep3B 

cell line is presented.   As presented in figures 4.4.4.2 and 4.4.4.3, there was no significant 

change seen in Snu449 cells and DMSO controls after each intervel starting from 12hours up to 

72hours of incubation after DAAD-2 drug administration. For camptothecin positive controls 

highlighted in figures 4.4.4.4 to 4.4.4.5, as compare to DMSO control there was significant 

change in different phases of cell prolifration was observed in both cell lines, but as indicated in 

above mentioned Hep3B cell line was found to be more sensitive than Snu449 with more than 

72% cells in subG1 phase, suggesting high rate of apoptotic cell death. 



68 

 

                    

 

                    

   

Figure 4.4.4.1:  Snu449 ( Time zero and 12 hrs) 
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Figure 4.4.4.2: Snu449 (24 and 48 hrs)
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Figure 4.4.4.3: Snu449 ( 72 hrs)
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Figure 4.4.4.4: Camptothecin on Snu449 and Hep3B (12 and 24 hrs)



72 

 

                  

 

                     

Figure 4.4.4.5: Camptothecin on Snu449 and Hep3B (48 and 72 hrs) 
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4.4.4.1 DAAD-2 induces significant changes in Cell Proliferation Cycle 

 

Hep3B cell line showed significant changes at 5µM of DAAD-2 concentration in Go/subG1, S 

phase and G2/M phase after 48 and 72 hours as presented in figures 4.4.4.7. To further assure the 

change of % in different cell prolifration phases, Z- ratio and  p-values of Hep3B treated and 

untreated cells were determined (Table 4.4.4.1).  

 

 

Table4.4.4.1: Cell Proliferation of Hep3B 

 

 24 Hours 48 Hours 72 Hours 

Control DAAD-

2 

p-value Control DAAD-

2 

p-value Control DAAD-

2 

p-value 

Sub-G1 6.04 31.39 0.0001** 5.19 44.95 0.0001** 6.61 48.35 0.0001** 

G1 31.27 29.82 0.412 42.28 28.39 0.019* 42.74 23.65 0.02* 

S 19.10 11.0 0.055 16.96 14.02 0.279 14.46 15.71 0.279 

G2/M 17.64 27.68 0.045* 34.64 12.05 0.0001** 36.19 12.26 0.0001** 

** highly significant,  *significant 

 

 

Time dependent significant changes wer observed after 24 hours to 72 hours of  DAAD-2 

treatment on Hep3B cells;  although there was no statistically significant change reported in G1 

and S phase after 24 hours. But there was a slight accumulation in G2/M phase up to 28% in  

drug treated cells, while control cells exposed to DMSO were  around 18 % in G2/M phase after 

24 hours. Interestingly, Hep3B cells drug treated  in S phase as compare to DMSO control (10% 

VS 19%) after 24 hours; but after 48 and 72 hours of DAAD-2 treatment, no obvious difference 
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among DAAD-2 treated and untreated cells was recorded . These findings entailed temporary 

and inconstant behavior of  DAAD-2 treated cells in S phase of cell cycle.  

 

 Later on, statistically most significant (p < 0.001) decrease in the proportion of cells in G2/M  

phase; and nine fold increase(p<0.001) was recorded in sub-G1 phase after 48 and 72 hours. In 

contrast, there was no significant change recorded (p<0.42) in S phase after 48 and 72 hours, 

whereas the percentage of G1 phase cells also decreased(p<0.005) in DAAD-2 treated cells.  

 

Hep3B cells were also treated with 10µM DAAD-2 drug concentration in same experiment. 

Same alterations in a rapid and repeatedly manner as highlighted in fig. 4.4.4.8 after 24 and 

48hours were recorded. We were unable to record the data for 72hours after drug treatment due 

to lethal dose of DAAD-2. These  findings are further validating hypothesis that trial drug 

DAAD-2 is targetting the G2/M and its transitional phase; by adopting that cells are dying 

through apoptotic mode of death with huge (8-10 fold) increased number of cell death in  sub-

G1phase in a time and dose dependent manner.  
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Figure 4.4.4.6: Hep3B (Time Zero)
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Fig. 4.4.4.7: 5µM ( DMSO control and Hep3B 48 and 72 hours)   
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Fig. 4.4.4.8: 10µM (Hep3B 48 and 72 hours)
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4.4.5 COMET ASSAY 

Hep3B cell line was used and around 200,000 cells/ well were seeded in six well plates. 

Adrimicin (1µM), and Camptothecin (5µM) were used as positive controls. DAAD-2 trial 

drug was administered in two different concentrations (5µM and 10µM). Drugs were given to 

cells after 24hours of seeding. Samples were collected after 24,48 and 72 hours of drug 

treatment. Treated cells were collected from plates through scraper with whole media. 

Centrifuged at 1000 rpm for 10 min at +4
0
C. Slides for the comet were prepared as per 

protocol and photograpghs were taken on flouresent microscope. No obvious comets were 

seen by  applying  trial drug DAAD-2 on hep3B cells. Photographs were taken for 5µM 

DAAD-2 drug response after 24, 48 and 72 hours. At 10µM DAAD-2 drug administration,24 

and 48hours photographs were taken. But no  DAPI stained cells were not seen after 72 hours 

and therefore photographs were not taken. The rapid growth atttenuation was observed at 

10µM DAAD-2 drug administration on hep3B cells.  Both adriamicin and camptothecin 

showed  obvious comets. 

 

24 hours
Adriamicin Camptothecin DMSO DAAD-2

(1uM) (5uM) Control (5uM)

4X

20X

Comet Assay (DAPI Staining)
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48 hours
Adriamicin Camptothecin DMSO DAAD-2

(1uM) (5uM) Control (5uM)

4X

20X

Comet Assay (DAPI Staining)

 

 

 

 

 

72 hours
Adriamicin Camptothecin DMSO DAAD-2

(1uM) (5uM) Control (5uM)

4X

20X

Comet Assay (DAPI Staining)
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Fig. 4.4.5.1: Comet results of DAAD-2 at 10µM 

24 Hours:At 10uM DAAD-2

4X 20X

Comet Assay (DAPI Staining)

 

 

 

48 Hours:At 10uM DAAD-2

4X 20X

Comet Assay (DAPI Staining)
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4.4.6 WHSC1 GENE EXPRESSION 

 

Both Hep3B and Snu449 were aseeded into 10cm
2
 plates as mentioned in experimental part. 

For both cell lines 2-3 samples were preapared for controls and same number of samples were 

prepared for samples treated with DAAD-2. For Hep3B cell line 2µM DAAD-2 concentration 

was used. While 10µM drug concentration applied for treatment of Snu449. After three days 

of drug administration the samples were collected and readings were taken to compare the 

WHSC1 expression levels among DMSO control and drug samples. 

 

For this experiment, total of 10,000 events were recorded on BD FACS calibur flow 

cytometer and samples were compared on the basis of  histogram geomatrical means, as 

indicative of expression level. 

 

Interstingly as highlighted in fig. 4.4.6.1, there was marked difference was observed in gene 

expression of WHSC1 among treated and untreated Hep3B cells. But Snu449  findings 

(mentioned in fig. 4.4.6.2) clearly suggesting no change in drug treated and DMSO control.   
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Fig. 4.4.6.1 WHSC1 gene expression of Hep3B  
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Fig. 4.4.6.2 WHSC1 gene expression of Snu449 
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5. DISCUSSION 

 

 

The treatment options available for Hepatocellular carcinoma (HCC) still very limted 

and so far only one  FDA approved tyrosine multikinase inhibitor,  Sorafenib is known 

for interventional therapies for HCCs. But the patients compliance of this drug still 

debateable and found very low, suggesting more ınterventional broad spectra for HCC 

treatment at immediate level. In current study, some new potential drug candidate for 

treatment of  HCC and other cancers were investigated. Out of them atleast one most 

potent novel dehydroabietalamine derivative-2 (DAAD-2) showed significant 

cytotoxic effects of cancer cell growth attenuation at low IC50 values, ceasation in cell 

cycle progration at multiple phases and  obvious morphological variations. 

 

Reported data suggest that HCC is the fifth most frequent neoplasm and third largest 

cause of mortality among all the prevailing cancers; with the average life of 6 months 

after diagnosis including surgical treatment options, suggesting poor prognosis of the 

disease (Pisani 2002, Sala 2004, Bruix 2005). Alarmingly, around 600,000 individuals 

loss their life every year due to HCC and almost same number of  new cases  

registered worldwide per year (Fallopi 2011, Jemal 2005). Because of high prevalence 

rate of hepatitis B, C and aflatoxin B food contaminated products, especially Asia and 

sub-shahran African countries contributing  major chunk of the disease (Bosch 2004, 

Tanaka 2002). So far available therapies are not very successful in terms of  both 

quality and  survival; sorafenib, multikinase inhibitor is only FDA approved drug 

against HCC (Lachenmayer 2010, Keating 2009).  
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 Considering that structural modifications in parent molecules earlier identified as 

potential targets for different ailments including cancers are essentially one of the 

focused techniques for drug efficacy enhancement and finding new novel drugs with 

potentially broad bioactive spectra; new derivatives of dehydroabietylamine (DAA), 

abietic acid (AB) and oleanolic acid (OA) were synthesized, purified and subjected for 

cytotoxic effects with special focus of hepatocellular carcinoma.  

 

Screening of 40 new derivatives using SRB protocol on breast cancer and HCC cell 

lines was performed and compared with parent compounds from which these 

derivatives were prepared. As presented in results section for all of three parent 

compounds, the cytotoxic effects of most of the novel derivatives increased 

significantly. Like abietic acid parent compound did not show any growth attenuation 

at 20µM on Huh7 and MCF7 cell lines but most of its novel derivatives showed 

cytotoxic effects ranging from 5-50% inhibition rates. Similarly, OA and DAA 

derivatives also showed increased cytotoxic effects than parent compounds at different 

low drug concentration ranging from 2-20µM.       

  

 Similarly, studies on OA elaborates isolation of oleanolic acid in large amounts  from 

 Periploca aphylla using very simple, time saving and comparatively inexpensive 

 strategy. Furthermore, six C-28 amino acid conjugates of oleanolic acid were prepared 

 to explore the role of structural manipulations and potential effects of these 

 compounds on eight HCC cell lines and one breast cancer cell line. Cytotoxic effects 

 revealed that as compare to parent compound (OA-1), two amino acid conjugates 

 derivatives OA-04 (p<0.0001) and OA-06 (p<0.01) showed significantly increased 
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 /higher  inhibition rates at 10uM, indicating enhanced cytotoxic efficiency of 

 structurally manipulated derivates 

 

Preliminary screening findings concluded that dehydroabietylamine derivative-2 

(DAAD-2) with Nacetyl cysteine in ring A at C-18 is the most potent derivative 

among all trial drugs. Therefore, DAAD-2 selected for further cytotoxic evaluation. 

DAAD-2 showed significant inhibition rates on all ten HCCs and one breast cancer 

cell lines which were used for the trial with IC50 values less than 8 µM except Snu449. 

The high IC50 value (27.5±9 µM) of Snu449 may be because it is a stem cell derived 

cell line and has comparatively fast duplication time than other cell lines used in this 

study. Among all cell lines, Hep3B cells were the most sensitive with IC50 of 2.00±0.4 

µM on DAAD-2.  

 

For morphological studies, light and electron microscopy have identified the various 

morphological transformations that take place during apoptotic mechanism of death 

(Hacker 2000). During the early process of apoptosis, cell shrinkage and pyknosis are 

reported and visible by light microscopy (Kerr 1972).With cell shrinkage, the cells are 

smaller in size, the cytoplasm is dense and the organelles are more tightly packed. 

Pyknosis is due to chromatin condensation and this is the one of the prominent 

characteristic feature of apoptotic mode of cell death. Similarly, obvious 

morphological deviations including cell shrinkage, rounding, detachment of cells,  and 

low confluency of Hep3B cells treated with DAAD-2 were recorded in our study. 

Another important feature of apoptosis inducing agents does not show any essential 

inflammatory reaction nor with the removal of apoptotic cells because of multiple 

factors; (1) apoptotic cells remains intact and do not release their cellular constituents 
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into the surrounding interstitial tissue; (2) they are preventing secondary necrosis; and, 

(3) the engulfing cells do not produce anti-inflammatory cytokines (Savill and Fadok, 

2000, Kurosaka 2003). 

 

All the cell regulation and multiplication pathways are taken place inside the cell 

through four main phases of cell proliferation. Every phase of cell cycle has number of 

pathways responsible for different mitotic and meiotic jobs and most importantly to 

maintain the level of different proteins which are responsible for the regulation of 

complete cell cycle. Deviations in normal cell cycle are considered to be major 

characteristic of tumor cells. Regulation of different proteins which are responsible for 

events of the cell cycle may be a useful anti-tumor target. Cell cycle is arbitrated by  

initiation of a highly conserved protein kinases, the Cyclin-dependent kinases (Cdks) 

(Stewart 2003, Sherr 2000). Activation of this protein requires binding to a targeted 

regulatory subunit, known a Cyclin. Combinely, these Cyclin/Cdk complexes work as 

cell cycle regulators. The Cyclin B/Cdk1 complex is generally known as  M phase-

promoting factor (Smits and Medema 2001, Connell 2000). Regulation of these 

complexes at multiple levels authenticate and control of the timing of cell division. 

G2/M phases of cycle remains idle until the synthesis of CyclinB1, Cdk1 remains 

inactive, and the cell cannot enter mitosis, the cell cycle will arrest at G2 phase.  We 

quantify the different cell proliferation phases of DAAD-2 treated Hep3B and Snu449 

cells in comparison with DMSO control to see the possible alterations in the different 

phases of cell proliferation. In compliance to our SRB data and morphological 

findings,   statistically significant time dependent changes in sub-G1 (8-9 fold 

increase) and G2/M phase (2 fold decrease) in Hep3B cells after 48 and 72 hours of 

DAAD-2 treatment were recorded. While at 10µM drug exposure to Snu449, no 
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significant changes were observed. Therefore, may be higher doses of DAAD-2 

parallel to IC50 value of Snu449 may show some cell proliferation deviations. From 

cell proliferation experiments, it is concluded that DAAD-2 is responsible for cell 

arrest of Hep3B cells in G2/M phase, strongly suggesting that this drug might have 

alterative effect on the CyclinB1/Cdk1 complex. 

 

The comet assay is an adaptable and very sensitive technique commonly applied for 

measuring single strand and double strand breaks in DNA. The mechanism of 

formation of comets is based on analogy with nucleoids, in which relaxation of DNA 

super-coiling in a structural loop of DNA by a single DNA break responsible to 

release loop; which move towards the anode under the electrophoresis field. We 

performed alkaline comet assay for Hep3B cell line to see the tail movement of single 

stranded DNA breaks. The results showed neutral comets because of DAAD-2 at 

5µM, suggesting might be of double stranded DNA breaks.  

 

At last, quantification of histone variant related gene WHSC1 was done, known to 

have some role at transcriptional level in WNT signaling, but no significant changes in 

gene regulation were observed among controls and DAAD-2 treated samples of 

Snu449 and Hep3B cell lines. 
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6. CONCLUSIONS AND FUTURE 

PERSPECTIVES 
 

 

It is concluded that DAAD-2 (dehydroabietalamine with Nacetyl cysteine in ring A at C-

18) is the most potent among all trial drugs of current study with the IC50 value of less 

than 8µM on 9 HCC and one breast cancer cell line; Hep3B cells were the most sensitive 

with IC50 of 2.00±0.4 uM . Similarly, obvious morphological deviations and statistically 

significant time dependendent changes in sub-G1(8-9 fold increase) and G2/M phase (2 

fold decrease) in Hep3B cells after 48 and 72 hours of DAAD-2 treatment, supplementing 

hypothesis that this new drug has higher therpeutic anti cacinogenic potential than all 

other trial drugs of this study. In addition, present outcomes exhibit the structural 

significance of our trial novel drugs, their vital influence and corelation on cytotoxic and 

cell prolifration studies.   

At last, HCC is a highly prevalent and deadly disease world-wide. The survival of HCC 

patients is usually very poor due to the lack of efficient anti-cancer drugs acting against 

HCC cells. Current findings identified a novel derivative of dehydroabietylamine with 

IC50 values less than 10 µM that can induce massive cell death in HCC cells. 

 

Microarray analysis with confirmational studies based on PCR and western blot methods 

regarding up and downregulation of certain genes responsible for different cell 

proliferation phases; and parallel  in-vivo studies using xenograft mice model can be 

helpful for anti carcinogenic properties of different kind of cancers including HCC and 

mechanism of action can be opted to rationalize the role of  DAAD-2 in future cancer 

research and drug development. 
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