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. GENERAl INTRODUCTION 



The human body is continuously exposed to chemical carcinogens present in air, 

food and water supplies. Once in the body, these generally inert chemicals can 

be metabolically activated to form highly reactive and dangerous compounds. 

These compounds· can bind to DNA, the gene.tic material of the cell and if not 

removed by cellular repair enzymes can give rise to mutations and cancer. 

Almost 80% of human cancers are believed to arise as a direct. consequence of 

involuntary exposure to mutagens and carcinogens (Muir and Parkin 1985, 

Tomatis et al 1989). There is however another form of 'purely voluntary' 

exposure that is-responsible for a large percentage of human cancers. Habitual 

exposure of bete.l nut (BN) or betel quid (BQ) contributes to a .large extent in this 

category, which has been addressed as a major causative factor of oral cancer. 

Sanghvi (1981) reported that over 50% of the total cancer incidence in India are 

caused by betel quid consumption. Epidemiological studies have elucidated that 

the habit of chewing betel quid {BQ) is associated with an increased risk of oral 

submucous fibrosis (OSF) and oral cancer (IARC 1985, Kwan 1976). In India oral 

cancer constituting 9.8% of an estimated 6,44,600 incident cancer cases in 

males and is the third most 'common among females in many regions, with age­

standardized incidence rates from 7-17/100,000 persons/year (Parkin et al 1997). 

The incidence rate is higher than the . western rate of 3-4/100,000/ year 

(Macfarlene et al 1994 ). In North-Eastern parts of India, the BQ typically consists 

of betel nut (BN), piper betel (betel leaf), and slaked lime without tobacco. Oral 

cancer has been casually associated with chewing of tobacco with or without 

betel quid in India and other Asian countries, whereas in Western countries, 

cigarette smoking and heavy alcohol consumption are the main risk factors. It 

has been estimated that there are about 600 million BQ chewers living in 

different regions of the world (Sen et al 1989, Sharan 1996). 

Chemical carcinogenesis is now recognized to consist essentially of two steps 

namely initiation and promotion in most tissues. The first stage initiation results in 
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the binding of the carcinogen to cellular DNA followed by fixation of the alteration 

during DNA replication. During the promotion step chronic exposure to certain 

chemicals not carcinogenic by themselves, result in early appearance of cancer 

with increased incidence. Since more than 60% of the cancers have important 

environmental factors in their etiologies, this has generated a lot of interest in 

chemical carcinogenesis. It is now evident that some chemicals may not be 

carcinogenic per se but may require metabolic activation. As the number of 

chemicals recognized as carcinogens increased it becomes evident that these 

chemicals lacked a common structural feature and that most carcinogens bind to 

cellular macromolecules like DNA, RNA and proteins. During the last few years 

metabolic activation of these carcinogens has received attention primarily due to 

the elucidation of the critical role of biotransformation in chemical carcinogenesis 

and acute toxic liver injury. Prevention of the binding of these electrophilic or 

ultimate carcinogens to cellular macromolecules is brought about by glutathione 

(GSH) a highly nucleophilic compound present in large amounts in the liver. GSH 

conjugation appears to be the major protective mechanism since GSH depletion 

precedes morphological signs of liver damage after administration of 

carcinogenic and hepatotoxic agents believed to exert their action through the 

formation of reactive metabolites. 

COMPOSITION OF BETEL NUT 

The chewing of betel quid without tobacco is a habit of great antiquity which is 

widespread in the orient- Bangladesh, Burma, China, India etc. The first 

reference to 'betel chewers' cancer was made by Tennet (1860). He mentions in 

a footnote that Dr. Elliot of Colombo observed several cases of cancers in the 

cheek pouch and from its peculiar characteristics, he designated the term 'Betel 

Chewers' cancer. Although the chewing of betel quid is practiced in several 

different ways in various countries, . the . major components are relatively 

consistent and include betel nut, betel leaf (piper betel L) and lime. 



Betel nut: It is the fruit of the areca catechu L tree belonging to the family 

Palmaceae. The areca palm is native to south Asia and is found throughout 

south and South East Asia and in several Pacific Islands . 

. Betel- leaf (Piper betel L): Betel vines are cultivated in hot and humid climatic 

conditions in different parts of India, Indonesia, Malaysia and Ceylon. 

Lime: It is manufactured on an industrial scale and is sold as a paste mixed with 

water in order to release calcium hydroxide (Kandarkar and Sirsat, 1977). 

In general the BN is 'cured' or 'refined' before use. The table below shows the 

major chemical ingredients in the BN before curing. It should be noted that wide 

variations might occur. 

Table1 Constituents of BN endosperm before curing : 

Constituents 

Tannins 

Gallotannic acid 

0- Catechol 

Alkaloids 

Arecoline 

Arecaidine 

Guvacine 

.l!;oguvacine 

Arecolidine 

Guavcoline 

Fats 

Sitosterol 

Carbohydrates 

(saccharose reducing Proteins) 

Non protein nitrogen 

Carotene 

Mineral Matter 

Cal.cium 

Phosphorus 

Iron 

(From Raghavan and Baruah, 1958) 

Quantity 

11.4-26% 

18.03% 

3g/800g( 0. 4%) 

0.15-0.67% 

0.07-0.50% 

Small quantity 

Small quantity 

Trace quantity 

Minute quantity 

Minute quantity 

1.3-17% 

Trace quantity 

47.2-84.5% 

0.22-1.6% 

5 International Vitamin E Units/1 OOg 

0.018-0.05% 

0.13-2.53% 

1.5-11.6mg/1 OOg (0. 002-0.01 %) 



The form of BN is highly variable between different parts of the world. The most 

common type is sun-dried variety, in which unripe or ripe nuts are sundried . ·for 

several weeks. The other type is· raw and wet variety as used in Taiwan and 

whole of the North Eastern and parts of the southern states of India. The North­

East Indian variety of betel-nut, locally called as 'Kwai' is raw, wet and 

unprocessed (RBN) consumed with betel leaf and slaked lime and it is the raw 

variety which is rich in alkaloids, polyphenols and tannin compared to the dry 

one. The table below shows the average composition of the two main varieties of 

BN: sun-dried and wet. The wet variety is the one that is consumed here by the 

locals and this type was used for our study. 

Table: Average constitution of two main varieties of BN. 

Constituents Sun-dried(%) Wet(%) 

Alkaloids 0.25 0.25- 0.38 
a. Arecaidine 0.10 0.10-0.20 
b. Arecoline 0.15 0.18-0.24 
c. Others trace NO 
Ash content low very high 
Carbohydrates 25 30 
Crude fibre 15 18 
Fats 12 2.50 
Polyphenols 15 ND 
Proteins 7.5 . 18 
Tannins 18 ND 

·water 25 60 

ND=Not determined 
From Sharan 1996. 

The Khasis of Meghalaya usually chew one quarter of a fresh betel nut and part 

of a lime covered betel leaf. As a rule, the inclusion of chewing tobacco, spices or 

perfumes is avoided. Thus, this unique situation favors an investigation into the 

length of exposure of the oral and esophageal mucosa to chemicals that are 

released from the BN and leaf during the course of the day (Stich et al 1983). 
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The table below shows the variations in the appearance and disappearance of 

tannins from the saliva of chewers (Stich et al 1983). 

Table: Release of "tannic acids" into the saliva of khasis chewing one quarter of 
BN and betel leaf with lime (Stich et al 1983). 

Tannic acid/ cc saliva 

. Chewing (min.) 

Prior to chewing 3 15 25 
Individual Chewing pattern 

Vigorous chewing 06 720 19 04 
Vigorous chewing 00 1280 21 22 
Chewing 11 105 2080 28 
Slow chewing 00 65 28 30 

BN, the major part of BQ has been the main suspect for delivering carcinogenic 

chemicals to the masticators (Sharan 1996). Of all the constituents of BN, 

alkaloids and polyphenols are two groups of chemicals, which could contribute to 

carcinogenicity (!ARC 1985, 1987). The tannic acid fractions from BN also 

possess appreciable genotoxic activity (Stich et al 1983). 

ALKALOIDS: Alkaloids are prime suspects for BN carcinogenesis, a group of 

reduced pyridine compounds (figure shown below) producing various adducts 

including cysteine B-alkylation products. Arecoline {1,2,4,5, -tetrahydro-1-methyl­

pyridinecarboxylic acid) is the most abundant alkaloid; and other alkaloids 

present in trace amounts are Arecaidine (1,2,5,6-tetrahyro-1-methyl-3-pyridine 

carboxylic acid) Guvacine (methyl ester of arecaidine) Guvacoline (methyl ester 

of guvacine) and Arecolidine. 
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POL YPHENOLS AND TANNINS: The main polyphenols of BN are catechin, 

flavanoids, fla~an-3: 4-diols, leucocyanidins, and he~ahydroxyflavins. These are 

oxidized in the presence of lime, which imparts the red colour to the saliva. 

Reactive oxygen species (ROS) like superoxiqe anion (Oi) and H202 are 

produced during autooxidation of BN polyphenols in BN chewer's saliva (Nair et 

al 1987). ROS can lead to DNA-base damage as 8-0H-dG thymine glycol which 

are implicated in mutagenesis/ carcinogenesis (Cadet 1994). Gallotannic acid is 

the predominant tannin of BN. 

The largest class of potential mutagens present in man's environment are 

represented by the alkylating agents. Arecoline (ARC) is a monofunctional· 

alkylating agent. It loses one of its methyl groups during metabolism (Boyland 

and Nery 1969) and binds with nucleic acids and proteins (Nery 1971). The 

secondary effect of binding is depurination, which may lead to the breakage of 

the chromosome. Panigrahi and Rao (1982) reported that the secondary effect of 

ARC potentiates various kinds of chromosomal abnormalities. Alkylating agents 



react with macromolecules in the cell such as proteins, RNA and DNA. Extensive 

protein alkylation can be toxic for a cell due to loss of function of essential 

proteins. Although DNA alkylation is cytotoxic, after exposure to lower doses the 

major concern is the mutagenic potency of certain adducts. The· reaction with 

DNA includes the transfer of alkyl groups to the ring nitrogen atoms, the 

exocyclic oxygen atoms of the bases or the oxygen atoms in phosphodiester 

bonds (Vogel and Nivard1994). · 

Arecoline, the major al~aloid of BN, under mild nitrosation conditions forms N­

nitrosocompounds (NOCs) in vitro (Wenke and Hoffman 1983, Nair et al 1985) 

and in vivo, and is implicated in carcinogenesis (IARC 1985, Castignaro 1988). 

Saliva samples of BQ/ BN chewers show appreciable concentrations of betel-nut 

specific nitrosamines (BSNA) and tobacco specific nitrosamines (TSNA) (Wenke 

and Hoffman 1983, Wenke et al 1984, Nair et al 1985, 1986). Similarly, urine 

samples of betel nut chewers also show presence of BSNA (Ohshima et al 

1989). During BN chewing nitrite and thiocyanate are released in the saliva of 

chewers and increases salivary pH (IARC 1985). In the presence of nitrite BN 

alkaloids give rise to N-nitrosamines which interact with DNA, proteins or other 

targets forming adducts to exert its carcinogenicity activity (IARC 1985, Hoffmann 

et al 1994). The four areca nut N-nitroso ·compounds found are N­

nitrosoguvacoline, N-nitrosoguvacine, 3-(N-nitrosomethylamino) propionitrile 

(NMPN) and 3-(N-nitrosomethylamino) propionaldehyde (NMPA) (IARC 1985). 

(J
COOCHJ 

. eCHO c CN N-O 

N . N./N=O N/ 

~ =o ck eLl 
N-nitrosoguvacoline N-(methylnitrosamino) 
(C3H1oN203) propionaldehyde(NMPA) 

(C4HsN202) 

N-(methylnitrosami no) 
propionitrile (NMPN) 

(C4H7NJ0) 

N 

'No 
N-nitrosoguvacine 
(CsHsN202) 



Arjungi (1976) and Mazumdar et al (1982) have reviewed the toxic and 

pharmacological effects of BN. Aqueous extract of BN (AEBN) (i.p) increased 

GSH content and decreased protein -SH in liver, kidney and muscle of Swiss 

mice (Shivapurkar and Bhide 1978). Both AEBN and ARC increased hepatic 

DNA and RNA content and stimulated DNA and RNA synthesis in the liver in 

Swiss mice (Shivapurkar et al 1978, Shivapurkar and Bhide 1979). An increase 

in the frequency of chromatid breaks and exchanges was observed in culture 

CHO cells following exposure to aque~s. ethyl acetate or n-butanol extracts of 

dried BN in the absence of an exogenous metabolic system (Stich et a! 1983). 

BQ chewing increased nitrite levels in saliva, but such increase was not seen 

when BQ was chewed with tobacco (!ARC 1985). The increased frequency of 

sister chromatid exchanges (SCEs),· Chromosomal aberrations (CAs) and 

micronucleated cells in exfoliated cells of buccal mucosa among BN chewers 

was reported (Dave et at 1991, 1992). The enhancing effects of dietary 

administration of BN on carcinogenesis in the liver and upper digestive tract were 

also observed (Tanaka et a! 1983). The frequency of lymphocytic SCE was 

elevated in betel nut chewers and oral cancer patients in comparison to non­

chewer controls (Trivedi et al 1995). Such an increase in DNA damage among 

BN chewers signifies the in vivo genotoxic effects of BN on the non target tissue 

and its possible role in increasing the risk of cancers at sites other that oral 

cavity. Nair et al ( 1992) reported that addition of lime to other BQ ingredients 

induce the generation of reactive oxygen species (ROS) i.e. superoxide radical 

(0.£), hydroxyl radical (OH.), and hydrogen peroxide (H20 2) in the cheek pouch 

of Syrian Golden Hamsters. According to Sundqvist et al 1989, BN extract 

decreases cell survival, vital dye accumulation and membrane integrity in a dose 

dependent manner and it causes both strand breaks and DNA-protein cross­

links. Depletion of cellular free low molecular weight thiols also occurs at toxic 

concentrations. 
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Continuous exposure of aerobic organisms to pro-oxidant challenges has 

endowed living cells with efficient and sophisticated antioxidant systems. These 

can be divided into enzymatic antioxidant and non-enzymatic antioxidant 

systems. As the most important members of the enzymatic defense systems 

against oxygen radicals sliperoxide dismutase (SOD), catalase (CAT) and 

glutathione peroxidase (GSHPX) have been distinguished (De Zwart et al 1999). 

Obviously, assaying these enzymes can offer an indication of the antioxidant 

status of an individual. Besides measuring the enzymatic antioxidant systems in 

blood samples, non-enzymatic antioxidants can be monitored a~ well eg, Vitamin 

E and C, P- ·carotene, urate, retinyl esters and glutathione (GSH) (Jaeschke 

1995). Disturbances in the antioxidant systems might be useful indicators of the 

susceptibility of subjects to free radical damage. Furthermore, establishing 

disturbances in . antioxidant systems might be useful to decide on starting 

supplementation with antioxidants in order to prevent oxidative free radical 

damage and to evaluate the effectiveness of this type of medication. GSH, a 

naturally occurring tripeptide (L-y- glutamyi-L- cysteinyl glycine) is a small 

molecule found in every cell. GSH is present in millimolar concentration (0.5-

1 OmM) and is found throughout the cell, with the bulk in the cytoplasm; 

subcellular particles, such as the nucleus and mitochondria, having smaller 

amounts (Meister 1988). GSH is characterized by its reactive group -SH and its 

y-glutamyl bond that makes it resistant to normal peptidase activity and gives it its 

biochemical activity (Moldeus and Jiang 1987). Features of GSH intimately 

associated with its diverse and important functions include (1) Protection of cells 

against oxidative damage. (2) Existence of an important component of a system 

using pyridine nucleotides to provide a reducing atmosphere essential for the 

integrity of cell membranes. (3) A key role in amino acids transport and multiple 

metabolic pathways such as the synthesis of proteins, nucleic acids and 

leukotrienes (Meister and Anderson 1983, Hammerstrom 1981 ). (4) Regulation of 

enzyme activation and the immune response (Reed and Fariss 1984) and (5) 
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Acting as a reservoir of cysteine (Tateishi et al 1977). GSH is also proposed to 

be involved in the homeostasis and detoxification of metal ions in biological 

systems (Freedman . et al 1989, Gardner and Fridivich 1993, Kang and Enger 

1988). Alterations in the activities of these enzymes may reflect reduced cellular 

defense and may serve as surrogate markers of many diseases. As GSH is also 

involved in the regulation and expression of proto-oncogenes and apoptosis 

(programmed cell death), the development of diseases such as cancer and 

human immune deficiency may be effected by depleting or elevating cellular 

GSH levels (Rahman et al 1999). 

COOH 

STRUCTURE OF (iSH 

The National Academy of Sciences defines a biomarker or biological marker as a 

xenobiotically induced alteration in cellular or biochemical components or 

processes, structures or functions that is measurable in a biological system or 

sample (ENTOX!TIWET 1996). Silbergeld and Davis, 1994 defines biological 

markers as physiological signals or inherent or acquired susceptibilities, which 

provide a new strategy for resolving some toxicological problems. Sensu stricto, 

biomarker can also be defined as a biological response to a chemical or a group 

of chemical agents but not the presence of the agent or its metabolite within the 

body (internal dose) (Walker et al 1996). However, there is no doubt that the 

measurement of a xenobiotic in a biological system or sample is a bioindicator of 
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exposure, and thus it could be considered a biomarker. The use of biomarkers is 

becoming increasingly important in several fields-occupational medicine, 

epidemiology, genotoxicity, and developmental and reproductive toxicology 

(Brooks 1999, Albertini 1998, Mattison 1991, Shugart and Theodorakis 1998) 

and is considered useful in human health risk assessment (Greim et al 1995, 

Vallyathan et al 1998). Biomarkers are used to measure the exposure of a toxic 

agent, to detect degree of any toxic response, and to predict the possible effect 

(Timbrel! 1998, Diehl-Janes and Boles 2000). A biomarker should be 

quantitative, sensitive, specific, and easily measurable. 

There are several types of biomarkers, but three types will de discussed here in 

the accompaniment of our study, which are as follows: 

(a) Biomarkers of DNA damage: There is a sequence of events between the 

first interaction of a xenobiotic with DNA and consequent mutation: the first stage 

is the formation of adducts; the next stage may be secondary modifications of 

DNA, such as strand breakage or an increase in the rate of DNA repair; and the 

third stage is reached when the structural perturbations in the DNA become fixed 

and the affected cells often show altered function. One of the most widely used 

assays to measure chromosomal aberrations is sister chromatid exchange 

(SCE). Finally, when the cells divide, damage caused by xenobiotics can lead to 

DNA mutation and consequent alterations in the descent (Walker et al 1996, 

Shugart 1996). 

(b) Biomarkers of gene expression: The development of many tumours related 

to xenobiotics is associated with the aberrant expression of genes that encode 

proteins involved in cellular growth. This aberrant expression can involve a 

quantitative difference (overexpression of the protein) and a qualitative difference 

(expression of a mutant form of the protein). Although these biomarkers are 

affected not only by toxic compounds, it is very important to establish potential 

confounding factors and to assess the sensitivity, specificity and predictive value 
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of these tests. Biomarkers of gene expression include (Poirier 1997, Chang et al 

1994, Brandt-Rauf 1997): 

• Growth factors. 

• Oncoproteins: (i) growth factor receptors; 

(ii) other oncogene proteins; 

(iii) tumour-suppressor proteins. 

It has been reported that, in subjects developing cancer, during the first stages of 

the disease a significant increase in gene-expression biomarkers related to the 

specific cancer is seen. 

(c) Biomarkers o( oxidative damage: Changes in the antioxidant systems and 

modified macromolecules can serve as biomarkers for a variety of xenobiotics. · 

The protective systems included oxidised glutathione/reduced glutathione, 

glutathione reductase, catalase, superoxide dismutase and peroxidase activities, 

ascorbate and a-tocopherol. Macromolecules that may be affected by free­

radical damage include lipids, proteins and nucleic acids (Hoffma~ et al 1989, Di 

Guilio et al 1969, Hog son and Levi 1994) 

The chemical analysis combined with genotoxicity tests revealed mutagens, 

clastogens and gene convertants in all the investigated ingredients of raw betel 

nut (RBN) like ARC, tannic acid, catechol. Unfortu<nately the chewing of RBN 

continues unabated among the hill tribes of the northeastern region of India. The 

tribal population of this region chew RBN where ARC is present in higher 

concentrations (Stich et al 1983). The average age of onset of chewing was 12 

years. Thus in the period between incidence of chewing and diagnosis of 

leukoplakia/tumors, the oral mucosa was exposed for about 28,000 hrs (3.2yrs.") 

to betel quid extracts. Stich et al (1983) had shown that the saliva of BN and BQ 

chewers of NE region of India having potent clastogenic activities. Buthionine 

Sulfoximine (BSO) is a selective and potent inhibitor of GSH synthesis, which 

inhibits the enzyme y-glutamyl cysteine synthetase. Since the conjugation of toxic 

chemicals with GSH in vivo is one of the chief methods of their detoxification and 
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from the recent report that depletion of GSH level enhanced the effect of ARC 

(Deb and Chatterjee 1998) and gamma radiation (Chatterjee and Chattopadhyay 

1998) in mammalian cells, it is of interest in this context to explore the relation 

between any possible genotoxic effect and the endogenous GSH level. 

Thus, on the basis of these background informations, the objectives of the 

present investigation are: 

• The genotoxic effect of RBN-extract in normal and GSH depleted mammalian 

cells. 

• To determine the extent of cytogenetical damages and its relation to 

endogenous GSH level in raw betel nut chewers. 

• To determine the level of p53 protein in betel nut chew~rs and non-chewers . 

• Sensitivity of betel-nut chewers and non-chewers to a mutagen. 



CHAPTER I 

GENOTOXIC EFFECT OF RAW BETEL NUT · 
IN MAMMALIAN CELLS 
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Literature Review 

Betel-nut (BN) or areca-nut is the hard, edible, endosperm of the palm Areca 

Catechu Linn (Palmaceae) which grows throughout South and South-East Asia 

and in several· Pacific Ocean islands. In most of these regions BN is used as a 

.· . masticatory either alone or as a component of the betel-quid (BQ) along with 

leaves of Piper betle (Piperaceae), slaked lime and chewing tobacco. The 

chemical composition and pharmacological actions of BN have been reported 

and reviewed by several workers (Arjungi 1976, Mazumdar et al 1982, Jeng et al 

2001 ). 

BN chewing related oral_ mucosal lesions are potential hazards to a large 

population worldwide. It has been estimated that there are about 600 million 

people who chew BQ regularly throughout their life (Sharan 1996). There are 

. strong indications for a causal as.sociation between betel-nut or quid chewing 

habit and oral mucosal diseases such as leukoplakia, oral submucous fibrosis 

and oral cancer (IARC 19~5, Ko et al 1995). However, the precise mechanisms 

of oral cancer are still not fully elucidated. Most of the previous studies have 

focussed on evaluating the mutagenicity, genotoxicity and cytotoxicity of various 

BQ ingredients using mammalian cells or bacterial testing systems (IARC 1985, 

Sundqvist et al 1989, Jeng et al 1994, Jeng ·et al 1999). BN-extract (BNE) can 

induce DNA strand-breaks, SCEs and micronuclei in various kinds of cells (IARC 

1.985, Sundqvist et al 1989, Dave et al 1992). This extract is mutagenic in 

Chinese hamst~r V79 cells (Shirname et al 1984) and can induce cancerous 

lesions on t.he hamster cheek pouch (Ranadive et al 1979). Mutagenicity and 

genotoxicity of betel alkaloids, polyphenol and tannin fractions have been 

reported (Jeng et al 2001, Panigrahi and Rao 1986, Azuine and Bhide 1992, Deb 

and. Chatterjee 1998) although there ·are some reports which tell that BN­

polyphenol and tannins are not mutagenic (Nagabhusan and Bhide .1988, Wang 

et al 1999). The i.p. injection of BNE and areca tannin to Swiss albino mice have 

been reported to substantially elevate SCEs of bone marrow cells (Panigrahi and · 
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Rao 1986). BNE induces SCE and CAs in cultured Chinese hamster ovary cells 

- (CHO) (Dave et al 1992). The frequency of lymphocytic SCEs was elevated in· 

BN chewers and oral cancer patients in comparison to non-chewer controls 

(Adhvaryu et al 1991 ). Such an increase in DNA damage among BN chewers 

signifies the in vivo genotoxic effects of BN on the non-target tissue and its 

possible role in increasing the risk of cancers at sites other than the oral cavity. 

Arecoline (ARC), the most potent alkaloid of BN, interferes with the biosynthesis 

of macromolecules. It is a monofunctional alkylating agent as it loses only one of 

its methyl groups during metabqlism (Boyland and Nery 1969) and binds with 

nucleic acids and protein (Nery 1'971 ). The secondary effect of the binding is the 

depurination, which may lead to the breakage of the chromosome. ARC also 

shows other carcinogenic properties such as cysteine-adduct formation (Boyland 

and Nery 1969, Nery 1971) and metabolization by 1-oxide formation (Nery 1971 ). 

It decreases the incorporation of CH]-thymidine in muscle and kidney tissues and 

inhibits DNA synthesis, decreases the net RNA level and also decreases the 

protein content of the tissue (Panigrahi and Rao 1982). Both ARC and aqueous 

BNE when injected intraperitoneally (i.p) into Swiss mice increased hepatic DNA 

and RNA content and stimulated DNA and RNA synthesis in liver (Shivapurkar et 

al 1978, Shivapurkar and Bhide 1979). It has also been shown that ARC was 

able to inhibit biosynthesis of DNA and proteins of Hep2 cells in vitro in a dose 

dependent manner and reduce the viability of cells (Wary and Sharan 1991 ). The 

cytotoxic and thiol depleting properties of ARC appear to be chemically related to 

the presence of methyl ester group (Sundqvist et al 1989). ARC was also 

reported to affect poly-ADP-ribosylation of chromosomal proteins, which lead to 

alterations in the structural organizations of chromatin (Saikia et'a11995). 

The intragastric intubation of aqueous BNE daily, five times a week induces 

tumors in Swiss albino mice and C17 mice (Bhide et al 1979). The subcutaneous 

injection of BNE leads to transplantation fibrosarcoma in Swiss albino mice 

(Ranadive et al 1976). Feeding Swiss albino mice a diet containing unprocessed 



16 

BN has been reported to induce mucosal hyperplasia, epithelial atypia, but no 

marked tumor formation (Rao and Das 1989). Chemical carcinogenesis has been 

shown to be a multi-step process, including initiation, promotion and progression 

(Cohen and Ellwein 1991, Hursting et al 1999). Thus, elucidation of the potential 

roles of BN ingredient in the tumor promotion process becomes an attractive 

issue. 

The study was also performed where mice were chronically exposed to extracts 

of BN (1 mg mr1
) to mimic the constant exposure in humans chewing BN. 

Panigrahi and Rao (1982,1983) reported that the chronic exposure of mice to 

ARC results in the enhancement of CAs and SCEs over the control value. BNE 
•. 

was found to be teratogenic in chick embryo and. ARC was assumed to be the 

most pote.nt inducer of teratogencicity (Paul et al 1996). The enhancing effects of 

dietary administration of BN on carcinogenesis in the liver and upper digestive 

tract was also observed (Tanaka et al 1983). When ARC or BNE was 

administered by different means like oral intubation (Bhide et al 1979, 1984) 

mixed with the diet (Dunham et al 1975) and cheek pouch application (Dunham 

et al 197 5, Rao 1984) in different animals, there was positive induction of 

tumours' in both target (Cheek-pouch, oesophagus and stomach) and non target 

(lung and liver) tissues. Tumour induction in any tissues was not observed when 

ARC or BNE was given through i.p. route (IARC 1985, Shivapurkar et al 1980), 

Therefore it seems that metabolic activation of ARC is needed for final 

conversion into ultimate carcinogens and it is strongly influenced by physiological 

conditions and the presence of certain factors (Wenke and Hoffman 1983) which . 

could probably be available in the oral route. It has been reported that ARC-OA 

induced a higher frequency of CAs, SCEs and a greater delay in the cell cycle 

progression than ARC-IP (Chatterjee and Deb 1999). Therefore, in the present 

study mice were chronically exposed to raw betel-nut extract (RBNE) orally. 

Though mouse bone marrow cells is usually not directly exposed to ARC, 

however, this is an ideal in vivo model for assessing individual susceptibility to · 
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the genotoxic effects of mutagenic carcinogens. (Department of Health Report 

1989). It is true that in vitro tests possess little activation and detoxification 

capability and since mutagenic activity may be dependent upon specific target 

site metabolism in vivo, the mutagenic activity. detected in vitro must be 

evaluated in vivo (Ashby 1992). Therefore, we evaluated the RBNE in both in 

vivo and in vitro systems. 

Viable DNA lesions form the initial step in carcinogenesis, and short-term assays. 

like SCEs and CAs form simple and quantifiable markers of DNA damage. And if 

there is damage. to DNA then DNA repair machinery should be activated for 

repair of the lesions formed. This will lead to· arrest in cell cycle. Therefore, in 

addition to these endpoints, cell cycle kinetics will also be studied in normal and 

GSH depleted mouse bone marrov.,t cells (BMCs) and human blood lymphocytes 

(HPBLs). One reason for evaluating structural CAs, that has remained essentially 

unchanged for many years, is that there is a clear association between 

chromosome rearrangements and cancer formation (Solomon et al 1991, Rabbits 

1994, Mittelman 1994). 

The study of chromosomal damage at metaphase allows for the observation of a 

greater number of division figures and presents a more precise and detailed 

picture of the effects of any mutagenic I carcinogenic agent than does anapahse 

or telophase analysis. Any cell population, which under normal conditions or by 

virtue of stimulated cell growth, can provide sufficient metaphase cells for 

cytogenetic analysis can be used in the evaluation of aberration induction in vivo. 

BMCs are ideal for· this purpose. HPBLs are used as these cells are easily 

attainable, grow rapidly in tissue culture and large numbers of cells in metaphase 

can be obtained. In the present study several cytogenetical end-points like CAs, 

SCEs and cell cycle kinetics have been considered with a hope that they will 

provide informations relative to the sensitivity of each endpoint as well as to the 

potential hazard for the population. 

Chromosomal Aberrations (CAs) 
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CA assay has been used as an effective screen for evaluating the possible 

genotoxic potential of any agent. Chromosome alterations have been studied for 

nearly a century, and it was immediately appreciated that they are associated 

with malignancy (Boveri 1902). Numerous in vitro and in vivo studies have shown 

that CAs can result from exposure to chemicals and ionizing and non-ionizing 

radiation. The association between specific cytogenetical alterations and 

tumorigenesis is strong (Mittelman 1994). The idea of a causal association 

between CAs and cancer risk is based on the concept that genetic damage in 

lymphocyte reflects similar damage in cells undergoing carcinogenesis. · 

Sister chromatid exchanges (SCEs) 

SCEs are the cytological manifestation of interchanges between DNA replication 

products at apparently homologous loci, and involve DNA breakage and reunion 

(Latt et al 1981 ). SCEs are produced at or near DNA replication fork, hence 

called S-phase phenomena but not meiotic event (Wolff et al 1974). SCEs have 

been commonly employed to evaluate cytogenetic responses to chemical_ 

exposure and excellent dose response relationships for hundreds of chemicals 

have been established in a wide variety of in vitro and in vivo short term 

experiments (Tucker et al 1993b ). SCEs are efficiently induced by those 

substances that form covalent adducts to the DNA or otherwise interfere with 

DNA metabolism and repair (Perry 1980, Natarajan e.t al 1981, Carrano and 

Thompson 1982) and is a means by which the cell copes with DNA damage 

(Evans 1977, Shafer 1982). Increased SCE is an indirect measurement of 

mutation resulting from DNA damage and of mitotic rearrangement of genetic 

material. Consequently, SCE analysis must be relevant in the evaluation of 

genetic hazards (Beneditt and Beneditt 1973). 

Cell cycle 

Chemical damage to DNA is itself not a mutagenic event, but if unrepaired can 

be converted to a mutagenic event during the process of DNA replication 

(Bertram 2001 ). Because DNA synthesis itself is a tightly controlled, highly 
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coordinated process, delays in progression through S-phase as a consequence 

of DNA damage or insufficient availability of protein or DNA precursors frequently 

result in cell death, chromosomal abnormalities or mutations. Since these two 

latter events are intimately associated with carcinogenesis, it is not surprising 

that many of the genes found to be damaged in cancer cells have actions that 

relate to cell cycle checkpoint control. The genome should be damaged free 

before the onset of replication. To ensure that a cell has all the nutritional support 

for the synthesis of the new strands of DNA and the protein matrix to allow 

packaging of the newly synthesized DNA into chromatin, mammalian cells have 

devised elaborate checkpoints to prevent premature entry into the division cycle. 

The most significant checkpoint occurs in late G1, approximately 4 hours prior to 

the cell's entry into the S-phase. Activation of this checkpoint control in response 

to DNA damage delays entry into S-phase and provides the cell the time 

necessary for repair. At G1-stage the stability of p53 protein will be increased in 

the cells if it gets exposed to the mutagenic agents and thereby induce the 

expression of genes related to cell cycle arrest (Smith et al 1995, Kastan et al 

1991 ). Mutations in the p53 gene are the most common genetic alterations in 

human cancers, illustrating the critical importance of cell cycle regulation in the 

life of multicellular organisms. 

Employing the FPG-technique (Goto et al 1975) cell cycle delay can be 

measured in terms of reduction in the frequency of 2nd and subsequent division 

metaphases, and corresponding increase in the first cyde metaphases, at a 

given time following the treatment. In this study, cell cycle kinetics in vivo was 

determined by mitotic index (MI) and in HPBLs by using FPG-technique. 

The North-Eastern Indian variety of. BN is raw, wet and unprocessed consumed 

with betel-leaf and slaked lime. The constituents of this nut shows higher 

alkaloids, polyphenol and tannins as compared to the dried one (Sharan 1996). It 

has been reported that in the raw betel nut the quantity of alkaloids, polyphenols, 

tannins is more than in the cured ones (Raghavan and Baruah 1958). From this 
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North-Eastern region of India, a higher frequency of occurrence of 

micronucleated cells has been reported from buccal mucosa of people who chew 

RBN (Stich et al 1982, Stich et al 1983). So, for our study, raw betel nut (RBN) 

was used for all experiments both in vivo and in vitro. 

Glutathione (GSH) consists of y-glutamic acid, cysteine and glycine is the most 

prevalent non-protein intracellular thiol present in high concentrations (0.5 to 

1 Onm) in almost every cell. It is found throughout the cell, with the bulk in the 

cytoplasm, subcellular particles, such as the nucleus and mitochondria having 

smaller amounts (Biaglow and Tuttle 1993). It is a major component of several 

intracellular anti-free radical enzymes like GSH-peroxidase and GSH- reductase. 

GSH is probably the most important cellular antioxidant. Interestingly, Fahey and 

Sundqvist (1991) found strong evidence for an evolutionary link between GSH 

and aerobic eukaryotic metabolism, the findings indicate that GSH evolved as a 

molecule that protects cells against oxygen toxicity. Cells that are deprived of 

GSH typiqally suffer several oxidative damage associated with mitochondrial 

degeneration. Human deficient in GSH may exhibit increased tendency to 

hemolysis, cataracts, and central nervous system abnormalities. In one condition 

(glutathione synthetase deficiency) there is a secondary metabolic acidosis, often 

life threatening, due to overproduction of 5-oxoproline. The cells of these patients 

showed higher radiosensitivity in hypoxic condition (Revesz et al 1984). The 

most useful approach to deplete the level of endogenous GSH is the treatment 

with buthionine sulfoximine (BSO), -a specific inhibitors of y-glutamylcysteine 

synthetase, the enzyme that catalyzes the step of GSH synthesis (Griffith and 

Meister 1978, Griffith et al 1979). BSO is a potent and selective inhibitor of GSH 

synthesis that is highly effective both Jn vivo and in vitro without showing any 

side-effect (Griffith and Meister 1978, Griffith et al 1979). Depletion of GSH by 

treatment with BSO sensitizes the cells to the toxic effects· of heavy metals 

(Singhal et al 1987, Naganuma et al 1990), nitrogen mustard (Suzukake et al 

1982, Suzukake et al 1983), radiation and cisplatin (Edgren and Revesz 1987, 
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(Anderson et al 1990, Chattopadh: ,yay et al 1999), cyclophosphamide (Ishikawa 

et al 1989a, Ishikawa et al 1989b ), compounds that produce oxidative cytolysis 

(Arrick et al 1982) and others (Perez et al 1990), mitomycinC (Dev-Giri and 

Chatterjee 1998). GSH deficiency leads to oxidative stress in many tissues 

(Meister 1991 ). Mitochondrial and associated cell damage is found in mice 

treated with BSO. Several tissues of adult mice are affected by administration of 

BSO, but in new born rats and guinea pigs more extensive damage is found and 

there is early mortality due to multi organ failure (Martensson et al 1991 ). 

Treatment of peripheral blood mononuclear cells with BSO was found to 

markedly inhibit their proliferation (Meister 1983). Human lymphoid cells depleted 

of GSH exhibited increased sensitivity to radiation (Dethmers and Meister 1981 ). 

Tumour cells depleted of GSH by BSO exhibit increased susceptibility to 

cytolysis by reactive oxygen intermediates (Arrick et al 1982). Also it has been 

reported that depletion of GSH by BSO in tumour cells indeed increase the 

cytotoxicity of a variety of anticancer drugs (Green et al 1984, Lee et al 1986). 

Following a single dose of 2.5 nmol kg-1 BSO, the GSH contents of the various 

normal tissues were depleted in a time dependent manner. Kidney and liver 

showed the most rapid rates of depletion, with GSH levels reaching nadirs by 

-5h. Intermediate rates of depletion were seen in the lung and bone marrow with 

nadirs at 4-16h and 8-12h respectively. The heart was depleted the most slowly 

with a nadir in GSH at 24-72h. The extent of GSH depletion following a single 

dose of BSO also differed significantly between tissues. The most severe 

depletion occurred in the liver, kidney and bone marrow, the heart and the lung 

showed intermediate depletion, and RBCs showed the least depletion. Recovery 

to pretreatment values, was most rapid for the liver (16h) followed by the kidney 

(30h), the lung (32h) and bone marrow (72h). Recovery was extremely slow for 

the heart (>96h) and RBCs (> 72h). For lung, and in particular the liver and 

kidneys a pronounced 'overshoot' in GSH levels occurred during recovery i.e. 

GSH concentration rose significantly above those for untreated controls (Lee et 
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al 198i). Earlier studies have also shown that 1 Oh of 200 mg kg-1 BSO treatment 

in mouse bone marrow depletes the concentration of GSH to 54% of the control 

value (Chattopadhyay et al 1999). 

As GSH plays an important role in cellular defense mechanisms (Deleve and 

Kaplowitz 1991 ), the genotoxicity of RBN in relation to cellular GSH level was 

investigated. And it is well known that GSH protects cells against radiation 

(Chatterjee and Jacob-Raman 1986) and various toxic effects of xenobiotics 

(Shaw and Chou 1986, Dev-Giri and Chatterjee 1998J Syng-ai and Chatterjee 

2002) but not against radiomimetic drugs like bleomycin (Chatterjee et al 1989, 

Chattopadhyay et al 1997). The ARC induced CA in mice and this was 

enhanced by BSO (Deb and Chatterjee 1998) and the genotoxic effect of ARC 

was reduced when it administered with N-acetyi-L-cysteine (NAC) (Chatterjee 

and Deb 1999). 

The p53 gene, located onchromosome 17, encoding a 53-kd nuclear phosphop­

rotein, is part of the cell's emergency team that. is called upon following cellular 

insult. It is known to regulate cell growth and proliferation (lsobe et al 1986, 

Baker et al 1990, Kuerbitz et al 1992) and it rem~ins the most frequently targets 

of genetic alteration identified in human cancers. Loss of p53 function, most 

commonly through point mutations within one of the evolutionary conserved 

. domains, occurs in approximately half of most major cancers, and the essential 

· role played by p53 in tumour suppression is illustrated by the rate of 

malignancies in mice lacking functional p53. Interestingly these mice develop 

more or less normally, suggesting that p53, which rather unusually is not a 

member of a larger protein family plays no essential role in regulation of the 

normal cell cycle in most cells. Rather, the principal function of p53 appears to be 

in mediating a response to DNA dam·age, thereby preventing accumulation of 

potentially oncogenic mutations and genomic instability (Lane 1992). 

Normally in a cell, the p53 protein is kept at a low concentration by its relatively 

short half-life (~20 min) in non-stressed cells. In some cells, p53 probably also 
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exists in a latent form, inactive for transcription. Several types of DNA damage 

can activate p53, including double strand breaks in DNA produced by y­

irradiation and the presence of DNA repair intermediates after UV-irradiation or 

chemical damage to DNA. Many post-translational modifications of p53, such as 

phosphorylation, dephosphorylation, acetylation and ribosylation, have been 

shown to occur following stress. The cellular response to genotoxic agents 

initiates a rapid and substantial increase in the total p53 levels, achieved in part 

by the stabilization of the normally rapidly degraded protein. Activation of p53 in 

this way leads ultimately to the suppression of cell growth, a function which is 

also evident following reintroduction of wild-type p53 into tumour cells lacking 

normal p53. 

p53 mutations can give rise to conformationally altered, functionally defective 

proteins which have a longer half-life than their wild-type form. As a result, the 

p53 mutant protein can be detected by immunohistochemical means (lggo et al 

1990). However, immunopositivity for p53 is not always associated with gene 

mutations (Xu et al 1994 ). The wild type p53 may become detectable by 

immunohistochemistry due to stabilization of the gene product by binding to p53-

associated proteins (Battifora 1994) 

The p53 gene and its protein product have become the centre of intensive study 

ever since it became clear that slightly more than 50% of human cancers contain 

mutations in this gene. Overexpression of p53 has been found in 40-70% of head 

and neck carcinomas and in one half of the non-malignant epithelia adjacent to 

positive tumours (Warnakulasuriya and Johnson 1992, Field et al 1991, Shin et al 

1994). Exposure to radiation leads to an increase in the levels of proteins that 

derives from an alteration in its half-life as a result of post translational 

modifications (Levine 1997, Ko and Prives 1996). Similar observations· were 

made with exposures to BLM and other chemotherapeutic drugs (Lu and Lane 

1993). So, it was of interest to determine the levels of p53 protein in mouse BMcs 

after feeding orally with the RBNE. 
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Therefore, the present study was undertaken to determine the genotoxic effect of 

both RBN water and acetic-acid extract in mammalian cells with respect to 

endogenous GSH level. In fact reports are not adequate regarding the effect of 

BNE on cell cycle kinetics and its relationship with BNE-induced DNA damages. 

We have also made an attempt to see the level of p53 protein in mouse in vivo 

after feeding the BN aqueous extract for 1,5 and 15 days. 

Materials and methods 

Materials 

Mouse bone marrow cells (BMCs): Inbred Swiss albino mice of 6-8 weeks, 

weighing about 20-25 gms (mostly males) were used for all in vivo experiments 

(2n=40). Mice were maintained in communal cages, with sterile bed under 

controlled temperature (20°C ± 2) and lighting condition ( 12h light and 12h dark). 

·Standard animal feed (NMC oil mills Ltd., Pune India) and water was provided ad 

libitum. For all types of experiments BMCs were isolated just before use . 

. Human peripheral blood lymphocytes (HPBLs): For all in vitro experiments, 

HPBLs were used. Blood was collected from healthy young male donors (25-30 

years). For culture whole blood was used. For tGSH measurement from HPBLs, 

first of all, lymphocytes were separated from the heparinised whole blood on a 

Ficoll-hypaque (FH) density gradient by the method of Boyum (1968). 

PREPARA T/ON OF EXTRACTS OF RAW BETEL NUT (RBNE) 

Two types of extracts were chosen for this study: 

• Aqueous extract of BN (AEBN): This was chosen because saliva is water 

based and in natural conditions of human consumption the BN components 

are extracted in it. 

• Acetic acid extract of BN (AAEBN)~ AAEBN extract was prepared to mimic the 

condition of extraction in acid pH as in buccal cavity and digestive system in 

humans. 

Unprocessed, raw BNs were purchased from the local market. After shelling the 

fibrous coats, 100g of BN are ground and suspended separately in 125 ml of (a) 
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distilled water for aqueous extract of BN (AEBN) or (b) 1% acetic acid for acetic 

acid extract of BN (AAEBN) and mixed thoroughly to give smooth paste. This 

was kept overnight at 4-8°C. Next day it was stirred for 3h at 37°C and the extract 

was collected by centrifugation. This extraction procedure was repeated once 
·. 

more by adding 125ml of water to the residue. Both the extracts were pooled 

which represents 1 OOgm BN in 250m I distilled water, was filtered through 

0.2211m-porosity millipore filter, kept at -80°C for complete freezing. The filtrate 

was lyophilized in a Secfroid Lyolab 811 Lyophilizer. The lyophilized mass was 

kept at 4°C until use. The extract contained 0.9g/1 OOg water-extractable material. 

Reagents for glutathione estimation: 

• AEBN I AAEBN: For in vivo mice were administered orally with a dose of 

20011g mr1 and it was estimated that each mouse consumed 1 mg of extract in 

a day. For in vitro a working solution of 1 00011g mr1 was prepared in distilled 

water just before 'Use and the different doses were added into freshly 

collected blood. 

o DL-Buthionine- (S,R)-Sulfoximine (BSO, Sigma, USA): This is a potent 

inhibitor of the enzyme y-glutamyl cysteine synthetase of GSH pathway. BSO 

was freshly prepared in double distilled water. 

o Ficoll-hypaque (Sigma, USA) 1.077 gm mr1 

o Reduced Glutathione (GSH; sigma, USA): Glutathione (L-y-glutamyi-L­

cysteinyl-glycine) is a tripeptide but is not derived from protein. Here, a 

glutamic acid residue is joined in an unusual peptide linkage involving its y­

COOH rather than the a-COOH group with cysteine. This thiol has been 

shown to protect biological tissues by scavenging the primary radicals 

produced by radiolysis of water. Different concentrations of this tripeptide 

were used for standard curve. 

• 5-sulfosalicyclic acid (5-SSA) (Merck, India), dehydrate 5% and 10%. 

o Ethyldinitrilo tetra acetic acid (EDTA) (Merck, India). 
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• Potassium dihydrogen phosphate (KH2P04, S.D. fine chem Pvt. Ltd. Boisar) 

prepared in distilled water 

Solution A 0.1 M 

• Dipotassium hydrogen phosphate (K2HP04, S. D fine chem Pvt. Ltd., Boisar) 

prepared in distilled water 

Solution 8 0.1 M 

39 ml of solution A was mixed with 61 ml of solution 8 and pH adjusted to 7.0. 

EDTA was added to achieve a final concentration of 1 mM EDTA phosphate 

buffer. 

o Sodium bicarbonate 0.5% (NaHC03, Merck, India) 

o 5-5'-dithiobis-2-nitrobenzioc acid (Ellman's reagent, DTN8; Roche molecular 

Biochemicals , Germany) 

1.5 mg of DTNB was dissolved in 0.5% NaHC03 (prepared fresh at the time 

use). 

o Nicotinamide Adenine Dinucleotide Phosphate tetra sodium salt (NADPH, 

SRL, India). 

4 mg of NADPH was dissolved in 0.5% NaHC03 (prepared fresh at the time 

of use). 

o Glutathione Reductase from yeast (GR, Roche molecular biochemicals, 

Germany). 

A solution of 6 units/ml was made in 0.1 M phosphate buffer, pH 7.0 just 

before use and kept in ice. Freezing was avoided as it leads to denaturation 

and loss of enzyme activity. 

• Hydrochloric acid (1 OmM). 

Treatment: 

AEBN: For GSH estimation, only AEBN was used. Mice were fed orally with 

drinking water (2001-lg mr1
) for 1 and 5 days and it was estimated that each 
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mouse consumed 1 mg of extract in a day. For in vitro, 250~-tg mr1 of AEBN I 

AAEBN was added 2 hours prior to estimation. 

850: BSO at a dose of 50 mg kg-1 b.wt. was injected intraperitoneally in mice for 

1 and 5 days. In case of 5 days treatment, BSO was given every 60 hours. Mice 

were sacrificed after 1 and 5 days. For in vitro, BSO (SmM) was added to freshly 

collected heparinized blood for 3h prior to estimation. 

Principle of GSH estimation: The recyclic assay or kinetic assay used in this 

method utilizes the continuous glutathine reductase (GR) catalyzed reduction of 

the sulphydryl reagent 5,5'-dithiobis-2-nitrobenzioc acid (DTNB, Ellman's 

reagent) to the chromophoric product 5-thio-2-nitrobenzoic acid (TNB) and 

glutathione disulfide (GSSG). GSSG is reduced to GSH by the action of GR and 

NADPH reduced sodium salt. The chromophore is monitored spectrophotometri­

cally at 412nm and is proportional to the sum of GSH and GSSG present. 

2GSH + DTNB ~ GSSG + TNB 

GSSG + NADPH + H+ ~ 2GSH + NADP+ 

Quantitation is achieved by comparison with a standard curve of known GSH 

concentration. The procedure is highly specific as it utilizes enzymatically 

catalyzed conversion to GSSG to GSH. 

Sample Processing: 

IN VIVO: Mice were sacrificed by cervical dislocation and BMCs from femur were 

flushed into ice-cold EDTA-phosphate buffer. They were mixed thoroughly, the 

volume was made to 1 ml and cells were counted in a hemocytometer. 

IN VITRO: The blood lymphocytes were first separated from the heparinised 

whole blood on a Ficoll-hypaque I histopaque density gradient by the method of 

Boyum (1968). 

The sample (blood) solution is layered on a preformed step gradient in a 

centrifuge with the denser solution at the bottom. Histopaque is a solution of 

polysucrose and sodium diatrizoate adjusted to a density of 1.077g/ml. During 
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centrifugation, erythrocytes and granulocytes are aggregated by polysucrose and 

rapidly sediment whereas lymphocytes and other mononuclear cells remain at 

the plasma histopaque interface. In order to achieve separation, the density of 

sample particles must be greater than the density at any specific position along 

the gradient column. 

Procedure: 

1. Blood was drawn by venipuncture and collected in vials containing 25 IU of 

heparin and diluted 1:1 with sterilized RPM I 1640 medium. 

2. In a centrifuge tube, 2ml of histopaque was taken, then 2 ml of the diluted 

blood was gently layered on top of 2 ml of the separation medium. 

3. The tubes were centrifuged at 1200 rpm for 40 min. 

4. The ring at the interface of histopaque and upper plasma layer is the 

lymphocyte ring. 

5. The lymphocyte ring was sucked out with the help of a syringe and 

transferred to another tube. 

Sample processing : 

1. 50J.1I of undiluted sample (BMCs/ HPBLs) suspension was transferred into a 

micro centrifuge tube containing 150J.11 of 10 mM HCI. 

Acid treatment reduces oxidation of GSH to GSSG and to mixed disulfides 

and also inactivates y-glutamyl transpeptidase, which catalyzes the following 

reactions that decrease the levels of both GSH and GSSG. 

GSH+aa <=> y Glu-aa + CySH-Giy (Transpeptidation) 

GSH +H20 ~ Glu =CySH- Gly (Hydrolysis) 

GSH + GSH<=> yGiu-GSH + CySH-Giy (Autotranspeptidation) 

2. Cells were lysed by alternate freezing and thawing at least three times at 

1 0°C and room temperature for 10 minutes respectively and centrifuged in a 

microfuge at 10,000 rpm for 5min. 

3. The supernatant was deproteinized using 1 OOJ.1I of ice cold 1 05 5-SSA with 

intermittent shaking. 
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4. The tubes were kept in ice for 1 0~15 min and the acid precipitable proteins 

were removed by centrifuging at 10,000 rpm at 4°C for 15 min in a Beckman 

J2-HS centrifuge. The supernatant was immediately used for GSH 

determination. 

Advantages of the processing method: 

1. Acid precipitation of samples maintains proper thiol-disulfide redox status 

(GSH oxidizes rapidly at pH values above 7.0). Acidification allows for the 

precipitation of proteins and ensures cell lysis and subsequent release of free 

thiols and disulfides. It also avoids GGT catalyzed degradation of GSH. 

2. 5-SSA was preferable for deproteinization because TCA, perchloric and 

meta-phosphoric acids do not maintain true GSH: GSSH ratios and also 

these acids interfere with subsequent enzymatic reactions. 

3. Chelating agents such as EDTA were used in the sample buffer so as to 

prevent iron-mediated formation of peroxides in the presence of oxygen. 

Total GSH was estimated according to the method of Theodorus et al (1981 ). 

1. To 1 ml of the buffer taken in a cuvette 50~1 of sample suspension, 50~1 of 

NADPH, 20~1 of DTNB and 20~1 of GR were added. GR was added to initiate 

the assay. 

2. The contents were mixed and the formation of TNB was followed continuously 

with a record for a total of 5 min. at 412 nm in a Beckman DU-640 

spectrophotometer. 

3. The amount of GSH was calculated from a standard curve where the GSH 

equivalents were plotted against the rate of change of absorbency at 412 nm. 

Standard curve was prepared from a stock solution of 1 OmM GSH (30.7 mg ml-1
) 

in 5-SSA diluted to 100-1000 nmol GSH m1"1
. A sample blank lacking GSH was 

used to determine the background rate. 

The values were reported in GSH equivalents as ~mol/1 x1 06 cells in all cases. 

Reagents for in vivo and in vitro (culture) cytogenetic study: 

o AEBN/AAEBN 
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o BSO 

• 5-bromo-2-deoxyuridine powder (BUdR, Sigma, USA): This was used only for 

in vitro experiments. BudR was dissolved in RPMI 1640 culture medium and 

added to each culture tube at a concentration of 6 1-1g mr1
. 

o Phytohaemmagglutinin M (Gibco,USA) 

o RPMI 1640 (Hyclone, USA) with penicillin and streptomycin (Hyclone, USA) 

o New born calf serum ( Hyclone, USA) 

• Bis- benzimide (Hoechst 33258, Sigma, USA.) 

50J.1gmr1 working solution was made in double distilled water. 

o Colcemid (Gibco, USA). 

o Giemsa, 3% (Merck, Germany) 

All other chemicals were of analytical grade. 

Treatment: 

AEBN/AAEBN: For in vivo study both AEBN and AAEBN (200J.1Q mr1
) were 

administered ad libitum in the drinking water. Such oral administration was 

continued for 5 and 30 days. For in vitro, two concentrations of both types of 

extracts were used viz. 100 and 250 J.19 mr1 of blood and cells were fixed at 72h. 

BSO: BSO was injected i.p. in mice 1 Oh before extract administration. Thereafter 

for both 5 and 30 days treatment, subsequent treatment of BSO was given every 

60 hours after they were exposed to AEBN or AAEBN mixed water. For in vitro 

system, BSO was added in HPBLs at a concentration of 5 · mM 3 hours prior to 

extract treatment. 

The treatment procedure for in vivo study is shown below. 

Colchicine Colchicine 

Od td 2d 3d 4d l5d 26d 27d 28d 291 30d 

:s-6 01 I I t I I H]:i:gl I t I I ]vesting 
5 days 1 1 

30 days 
AEBN/AAEB~N~(O~A~),--------------~~~---------

BSO (t) given every 60h 



31 

Culture procedure · 

Cultures were set up 1n medium containing RPMI 1640 with antibiotics and 

supplemented with 10% heat inactivated new born calf serum. For each culture 1 

ml blood was used. In order to stimulate the Go lymphocytes 0.2ml of 

phytohaemagglutinin M was added in each culture. To obtain differential staining, 

6~tg mr1 5-bromodeoxyuridine was added to each culture. All cultures were 

incubated at 3rC. After about every 12h cultures were gently shaken. Cultures 

were harvested at 72h to analyze the effect of BNE and colcemid (0.01 ~g mr1
) 

was added 3h prior to that. All experiments were repeated at least three times 

with a few exceptions. 

· Preparation of metaphases 

At the end of 51
h and 301

h day, mice were sacrificed by cervical dislocation with 3h 

prior treatment of colchicine (1 0 mg kg-1 bw) in each animal. The femur bones 

were dissected out and the BMCs were obtained by flushing out with 2 ml 

prewarmed (3rC) 0.075M KCI with the help of a hypodermic syringe and a 26-

gauge needle. A single cell suspension was made in hypotonic solution and 

incubated for 15 min at 37°C. The cells were centrifuged at 1200 rpm for 5 min. 

and fixed in two changes of fixative for 30 and 10 min respectively, resuspended 

in 1 ml of fixative and dropped onto a grease free chilled slide and flame dried. 

In case of in vitro. experiments, colcemid at a concentration of 0.01 ~g mr1 was 

added 3h prior to harvesting. Hypotonic treatment was done for 20 min and cells 

were fixed and slides were prepared according to the flame drying method as 

stated above. 

Differential staining 

Differential staining of sister chromatids were carried out by the method of Goto 

et al (1975). Slides were treated for 10 min. with Hoechst 33258 (50~g ml" 1
) at 

room temperature in the dark. The slides were then rinsed with distilled water, 

mounted in 2XSSC (NaCI-Na-citrate, pH 6.8) and kept in sunlight for 30-40 min. 
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depending upon the intensity of light. After rinsing in double distilled water, slides 

were stained in 3% Giemsa for 3-4 min, rair dried and mounted in DPX. 

Scoring and statistical analysis 

Slides were coded at random. All metaphases were scored for mouse BMCs 
. . 

whereas for human PBLs metaphases were categorised as in first, second ~nd 

subsequent division cycles based on their differential staining patterns for in vitro 

studies. 

For mouse BMCs all CAs were scored from well spread metaphases and for 

mitotic index number of metaphases were scored out of total number of cells 

observed in one focus. For humans PBLs aberrations were scored ·from first 

cycle metaphases (M1) only.· For both the cases the aberrations were scored 

mostly as· chromatid breaks. Total numbers of normal as well as aberrant 

metaphases were scored. 

For scoring cell cycle kinetics (in vitro), metaphases were categorised as 1st, 2nd 

and subsequent division cycles based on their differential pattern. The cell cycle 

data were presented as average generation time (AGT) which is a ratio of BUdR 

duration (H) and replicative index (R.I), where R.I. = 1X~1 +2XM2 +3XM3 I total 

number of cells. The BudR duration in the present study was 72 hrs. 

For in vitro studies, SCEs were scored from 2nd cycle metaphases, at least 25 

(with a few exceptions) well spread second cycle· were considered for SCE 

scoring. Metaphase cells with differentially stained sister chromatid from culture 

were studied for evidence of SCEs. Data were subjected to parametric statistical 

analysis. lo compare the effects of BNE with BSO on the intracellular distribution 

of SCEs within individual group, the dispersion coefficient H (Snedecor and 

Cochran, 1967) that is the ratio of the sample variance to the sample mean 

(Margolin et al 1986) was analysed. SCEs, AGT and M.l will be evaluated using 

the student's t-test while M1% by 2x2 contingency test. Data were subjected to 
. ' . 

statistical analysis using the 2x2 contingency test for the frequency of aberrant 



33 

metaphases and simple ·/- test for aberration. The actual observed data were 

used during statistical analysis. 

Reagents for Western blot analysis 

• AEBN 

• RIP A buffer (Radio Immune Precipitation Assay) buffer. 

1 %(w/v) Nonidet P-40 (NP-40) (Sigma, USA) 

1 %(w/v) sodium deoxycholate (Sigma, USA) 

0.1 %(w/v) SOS (Sigma, USA) 

0.15M NaCI (Merck, India) 

0.01 M sodium phosphate, pH 7.2 (Merck, India) 

2mM EDTA (Sigma, USA) 

50mM sodium fluoride (Sigma, USA) 

1 OOU/ml aprotinin (trasylol, Pentex I Miles) (Sigma, USA) 

• DNAse (Stratagene, USA) 

• Genei protein estimation kit by bicinchoninic acid (BCA) method (Bangalore 

Genie, India) 

• SOS-polyacrylamide gel kit (Bangalore Genie, India) 

• 10% SDS resolving gel, ready-mix for SDS- PAGE (Bangalore Genie; India) 

• 5% SDS stacking gel, ready-mix for SDS-PAGE (Bangalore Genie, India) 

• Ammonium persulphate (For SDS -PAGE) (Bangalore Genie, India) 

• Tris-glycine buffer (1 OX supplied, converted to 1 X before use) (Bangalore 

Genie, India) 

• Sample buffer (5X concentrate) or gel loading buffer has a blue dye 

bromophenol blue (Bangalore Genie, India) 

•· Transfer buffer solution: 40 ml transfer buffer +200 ml methanol + rest water 

to make a volume of 11t. 

Preparation of transfer buffer Tris Base (Merck, India) - 18.2g, Glycine (Merck, 

India)- 90.0g,distilled water-500ml. The pH of the buffer is 8.3 
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• Blocking buffer: TBST with 5% Non fat dried milk (NJ=:DM), 1 OX 

TBST: 1M Tris HCI (pH 7.4, SRL, lndia)-3.152g, 5M NaCI (Merck, lndia)-

7.5972g. Mix these two that is Tris HCI and NaCI, Tween 20 added (Bangalore 

Genie, India) and volume made to 1 lt. with dw. 

To prepare working 1X TBST, add 90 ml distilled water to 10 ml of 10X TBST 

• NFDM: 1 g in 20 ml of 1 XTBST 

• Primary Antibody: p53-Abs (007 + Bp53-12) (Neomarker, Fremont, USA) 

• Secondary Antibody: rabbit Antimouse lgG-ALP conjugate (Bangalore Genie, 

India) 

• Substrate: BCIP/NBT, substrate for alkaline phosphatase (Bangalore Genie, 

India) 

BCIP: 5-bromo-4-chloro-3-indolyl phosphate 

NBT: Nitroblue tetrazolium. 

• ~-actin (anti-actin ACTN05, Neomarkers, Fremont, USA) 1:5000 dilutions. 

Treatment: 

AEBN: Mice were fed orally with AEBN in drinking water for 1, 5, 15 days. Mice 

were sacrificed and BMCs were isolated. 

Protein Extraction: 

(1) The BMCs were taken in a centrifuge tube and washed twice in PBS by 

centrifuging at 1500 rpm for 5min. 

(2) Supernatant was discarded thoroughly. 200J.il of RIPA buffer was added to 

the pellets, vortexed and kept in ice. 

(3) 5J.ll DNAse was added to each sample (working solution 1 U/Jll, 

DNAse:H20=1 :9) 

(4) The samples were kept in ice for 30 min. and then kept at --80°C .. 

Estimation of protein: 

(1) Eppendorf tubes with samples were taken, kept in ice, vortexed well. 

(2) 1 OJ.ll sample + 90J.11 H20 (distilled water) was taken in a centrifuge tube. 
I 

(3) Preparation of BCA reagent: 



For 20 ml: 19.6ml BCA solution + 0.4ml CuS04 

For 25 ml: 24.5ml BCA solution +0.5ml CuS04 
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(4) For sample, 2ml of the prepared BCA reagent was added to the centrifuge 

tube containing 101-11 sample +901-11 H20. This will be measured against the 

standard. The standard curve was plotted using different concentrations of 

BSA (10-160~g). 

(5) The optical density of the samples was measured at 562nm by a 

spectrophotometer (Beckman, DU 640). 
-· 

The amount of protein measured was converted into ~g/1-1l. 

lmmunoblotting: Equal amounts of protein (401-lg/lane) were separated by SDS 

PAGE using 10% polyacrylamide resolving gel and a 5% stacking gel at 50V 

constant voltage for 2hours. The proteins were transferred onto a 0.45 1-1m 

nitrocellulose membrane at 50V constant voltages for 7 hours. The membranes 

were blocked at room temperature in TBST with 5% (w/v) NFDM and incubated 

with primary Ab (1:1000 dilution)for 1h. After washing thrice (10 min each) in 

TBST with 5% milk, membranes were incubated with secondary Ab conjugated 

to Alkaline Phosphatase for 1 h (1 :2000 dilution) by gentle shaking which 

catalyses a chromogenic reaction. A primary antibody for ~-actin expression was 

also used for sample loading. The substrate BCIP/NBT (for alkaline 

phosphatase) was added which is converted in situ into a dense blue precipitate 

by immunolocalized alkaline phosphate marking the bands. The bands were 

visible in 10-15 min. 

Results 

RBNE induced CAs and the frequency of mitotic index (MI) in mouse BMCs and 

CAs, SCEs and the M1 in human PBLs were studied as positive controls to BSO 

+ BNE treated samples and the data are presented in tabular form. Negative 

control data are also shown. CAs are mainly of chromatid break type. 

The CAs induced by RBNE in mouse BMCs and Human PBLs are shown in 

figures 1.1, 1.2. Figure 1.3 shows the · Heochst-sunlight-Giemsa differential 
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staining pattern of chromosomes in Human PBLs grown in the presence of 

BudR. 

IN VIVO 

(a) Levels of tGSH: The data for tGSH concentration in mouse bone marrow 

cells is given in Table 1.1, figure 1.4. In untreated group, the concentration of 

tGSH range from 2.00-4.00 11mol per 10-6 cells with an average of 2.95±0.24 

11mol per 10-6 cells. In case of one day BSO treatment, the GSH level depleted 

significantly. The mean value was 1.49±0.11 11mol per 1 o-6 cells which means 

49% of the control value. In 5 days BSO treatment, there was even more 

depletion with the mean value of 1.09±0.22 11mol per 10-6 cells which means 

there was depletion of 63%. The concentration of GSH was reduced to 24 and 

54% of the eontrol value after 1 and 5 days treatment with AEBN alone. 

(b) Chromosomal Aberrations (CAs): Table 1.2, Figure 1.5 shows that both the 

aqueous and acetic-acid extract induced similar level of CAs and the presence of 

BSO increased the frequency of aberrant metaphases marginally. It is clear from 

the data that 30 days treatment of these extracts induced higher frequency of 

CAs than 5 days treatment. However, the BSO alone increased the frequency of 

spontaneous aberrations. The aberrations were mainly chromatid break type and 

BNE failed to induce any exchange aberrations. 

(c) Cell cycle kinetics: Table 1.3, figure 1.6 shows the frequency of M.l. and 

indicate that both the extracts induced significant delay in cell kinetics after 30 

days of treatment, however a positive tendency of delay was observed after 5 

days treatment also. Presence of BSO further increased the delay in cell cycle 

progression which was induc~d by both the extracts after 30 days of treatment. 

Although the basic cell cycle progression varied considerably among individuals 

in each group, the induction of delay by the RBNE was very clear. It is also worth 

mentioning that from the range of delay induced by both the extracts AAEBN 

induced slightly higher delay in cell kinetics than AEBN. In contrast to the delay 
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induction by BNE alone in normal mice, BSO alone showed low M.l. values 

indicating a positive tendency of induction of delay in cell progression. 

(d) Levels of p53 protein: Figure 1.11 shows the level of p53 protein in two 

experiments. In both the experiments the level of p53 protein was higher in 15 

days AEBN-treated samples than 1 and 5 days treated samples. 

IN VITRO: 

(a) Levels of tGSH: Result of tGSH estimated in human PBLs is shown in Table 

1.4, figure 1.7. In HPBLs, the levels of tGSH dropped by 84% after 3 hrs of BSO 

treatment from 5.27~mol/1 06 cells to 0.86~mol/1 06
. However the level of tGSH 

increased significantly after AEBN and AAEBN treatment. An increase of 64% 

from 5.27 to 8.66~mol/1 06 was observed with AEBN, with AAEBN the increase 

was 50% from 5.27 to 7.92Jlmol/106
. 

(b) Chromosomal Aberrations (CAs): 

AEBN: Table 1.5, figure 1.8 shows the dose dependent increase in the 

frequency of aberrant metaphases by AEBN. Treatment of BSO before AEBN 

treatment failed to increase the frequency of aberrant metaphases significantly. 

The aberrations -observed were mostly chromatid break type. BSO alone did not 

induce any kind of CAs since no change was observed from the frequency of 

spontaneous aberrations. From the pooled data (shown in table 1.6) the dose 

dependent increase in aberrant metaphases is clear. 

AAEBN: Table 1.7, figure 1.8 shows the frequency of aberrant metaphases by 

AAEBN. In contrast to AEBN, both the concentrations of AAEBN showed similar 

level of induction of aberrant metaphases. Here also, treatment of BSO before 

AAEBN treatment failed to show any appreciable · change in aberrant 

metaphases. From the pooled data (shown in table 1.8) it is clear that both the 

concentrations of AAEBN induced significant levels of aberrations which is not 

dose-dependent. 
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(c) Sister Chromatid Exchanges (SCEs): 

AEBN: Table 1.9, figure 1.10 presents data of SCEs induction by AEBN. The 

dose dependent increase in SCEs by AEBN is clear. Prior treatment with BSO 

increased the frequency of AEBN induced SCEs. BSO alone did not induce 

significant SCEs with respect to control values. The dispersion analysis indicated 

that the distribution of SCEs in AEBN treated with and without BSO did not 

deviate from Poisson distribution. From the distribution of SCEs per cell, AEBN 

treatment yielded more cells having 7 or more SCEs with respect to control. In 

the presence of BSO along with AEBN, the cells having 11 or more SCEs per cell 

were increased substantially in most of the experiments. The distribution of SCEs 

per cell is clenr from the pooled data as shown in table 1.1 0. 

AAEBN: The data for SCE induction by AAEBN is shown in table 1.11, figure 

1.1 0. AAEBN increased the frequency of SCEs in most cultures and unlike 

AEBN, the induction of SCEs was not dose-dependent. This is evident from the 

pooled data as shown in table 1.12. BSO pretreatment increased the frequency 

of AAEBN induced SCEs. The dispersion analysis indicated that the distribution 

of SCEs in AAEBN treated witll and without BSO did not deviate from Poisson 

distribution. Here also, regarding the distribution of SCEs per cell, AAEBN 

treatment yielded more cells having 7 or more SCEs per cell with respect to 

control. In the presence of BSO along with AAEBN, the cells having 11 or more 

SCEs per cell were increased substantially in most of the experiments. 

The frequency of SCEs in untreated controls did not differ significantly from each 

other and the dispersion of SCEs was consistent with a Poisson model for control 

and all other treated samples. 

(d) Cell cycle kinetics: 

AEBN: The data for cell cycle kinetics is shown in table 1.5, figure 1.9. There 

was dose dependent increase in tile percentage of M1 cells by AEBN. This is 

clear from the pooled data (table 1.6) where we see that M1% cells significantly 

increased by both t11e doses of AEBN which was increased further with BSO. 



Dose dependent increase in AGT value after AEBN treatment was seen in most 

experiments. Treatment of BSO before AEBN treatment increased the value of 

AGT. 

AAEBN: Table 1.7, figure 1.9 shows the data for cell cycle kinetics by AAEBN. In 

contrast to AEBN, both the concentrations of AAEBN interestingly reduced the 

AGT value and the percentage of M1 cells. However treatment of BSO before 

AAEBi~ treatment increased the AGT value and also the M1 % cells. The effect 

of AAEBN on cell kinetics is clear from the pooled data as shown in table 1.8. 

BSO alone also failed to increase the frequency of M1 cells. 
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Fig 1.1: Microphotographs showing metaphase plate of mouse bone marrow cells. 
A. Normal metaphase plate 
B. An aberrant metaphase plate showing chromatid break(~) 

induced by AEBN I AAEBN. 



A 

B 

Fig 1.2: Microphotographs showing metaphase plate in Human peripheral blood 
lymphocytes. 

A. Normal metaphase plate. 
B. An aberrant metaphase plate showing chromatid break(~) 

induced by AEBN I AAEBN 



A 

B 

Fig 1.3: Microphotographs showing Hoechst-sunlight-Giemsa staining pattern 
of chromosomes in human peripheral blood lymphocytes grown in the 
presence of BudR 

A. Second division cycle showing sister-chromatid exchanges(~) . 
B. Third division cycle. 
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Table 1.1 Concentration of total GSH in AEBN (1mg I mouse I day) and BSO (50 mg kg-1 b.wt.) treated 
and untreated mouse BMCs in vivo. 

Sample Treatment Experimental No.ofcel/s GSH 
# Days Condition (x10'62 (E_mo/10-6cellsl 

1 00 Untreated 1.95 2.00 
2 1.61 3.20 
3 0.62 3.22 
4 0.76 2.14 
5 2.12 3.15 
6 1.86 4.00 
7 1.90 3.40 
8 1.50 2.50 

1 01 BSO 1.37 1.28 
2 1.35 1.20 
3 1.10 1.82 
4 0.79 1.65 
5 0.87 1.49 

1 05 BSO 2.10 1.01 
2 2.10 1.13 
3 1.18 1.11 
4 1.72 1.13 
5 2.97 1.09 

1 01 AEBN 1.18 '2.82 
2 0.83 2.01 
3 1.31 2.54 
4 0.77 2.16 
5 1.60 1.95 
6 1.35 2.04 

1 05 AEBN 1.26 1.33 
2 1.70 1.05 
3 1.17 1.43 
4 1.38 1.27 
5 1.80 1.11 
6 0.93 2.02 

a b 
p<0.05, . p<0.01: student's t-test compared to untreated controls. 
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Fig 1.4 Level of tGSH in AEBN and BSO treated BMCs. 
Each point and bar represents a mea!J!:SBVI 
value. *p<0.05 as compared with control group. 

Mean:tSEM 
(Reduction %1 

2.95± 0.24 

1.498 ± 0.11 
(-49%) 

1.09b± 0.22 
(-63%) 

2.25± 0.14 
(-24%) 

1.378 ± 0.14 
(-54%) 
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Table 1.2 Induction of CAs in mouse BMCs after treating with AEBN and AAEBN (1mg I mouse I day) with 
or without BSO (50 mg kg·1 b.wt.). 

Experimental Treatment TM Abt.M Mean Aberration ("/0) 
Condition days. ("/o) :t:SEM Chd.bk. X :1: SEM Del. X :t:SEM 

untreated 251 03 03 00 
178 02 01 00 
182 02 01 00 
108 01 01 

,, 
00 

101 02 01 01 
102 02 02 ±0.3 01 01 ± 0.3 01 0.33±0.2 

BSO 10h 134 09 09 00 
103 06 06 00 
201 03 03 00 
266 04 06 ± 1.4 04 06 ± 1.4 00 00 

AAEBN 05 116 06 06 00 
125 06 06 00 
113 05 05 00 
106 06 06±0.3b 07 . 06±0.5 00 00 

AEBN 05 096 06 06 00 
125 09 07 02 
110 06 06 00 
126 10 10 03 
120 09 09 01 
130 11 09 03 
148 09 09±0f 09 08± 0.6 01 01 ± 0.5 

BSO+AEBN 05 136 13 11 01 
155 16 15 02 
121 12 09 04 
147 10 13 ±1.33 09 11 ± 1.4 02 02±0.6 

AEBN 30 113 11 11 01 
142 11 11 00 
134 10 10 01 
167 13 14 01 
094 12 14 01 
124 13 -12± 0.5c. 14 12 ± 0.8 01 01 ± 0.2 

BSO+AEBN 30 110 14 14 02 
112 15 14 03 
112 13 13 02 
096 13 13 02 
108 19 19 01 
142 13 15 01 
164 14 14± 0.8 14 15 ± 0.8 01 02±0.3 

AAEBN 30 108 15 15 00 
154 13 14 00 
088 14 15 00 
117 14 14± 0.4c 15 15 ± 0.3 01 0.3 ±0.3 

BSO+AAEBN 30 123 13 15 00 
094 15 15 00 
133 15 15 01 
127 14 14±0.5 16 15 ± 0.3 00 0.3±0.3 

TM- Total metaphases, Abt.M- Aberrant metaphases 
a p<O.OS, b p<0.01, c p<0.001; 2x2 contingency /-test compared to control 
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Table 1.31nduction of delay in cell cycle in mouse BMCs by AEBN and AAEBN (1mg/mouse/day) with 
and without BSO (50 mg kg-1 b.wl). 

Experimental Treatment Mitotic Index __ Mean M.l (%) 
condition days TM !Total cells (%) :J:SEM Range 

Untreated 56/1055 5.31 
67/1476 4.54 
49/1253 3.91 
62/1245 4.98 
43/0929 4.63 
58/1133 5.12 4.75 ±0.2 3.91 -5.31 

BSO 10h 37/1235 3.00 
33/1375 2.40 
20/1083 1.85 
38/1652 2.30 2.39 ±0.4 1.85-3.00 

AAEBN 05 62/1623 3.82 
37/1225 3.02 
57/1454 3.92 
54/1428 3.78 3.64 ± 0.2 3.02-3.92 

AEBN OS 55/1167 4.71 
47/1260 3.73 
63/1491 4.23 
44/1288 3.42 
93/2841 3.27 
52/1152 4.51 
113/2480 4.56 4.06 ±0.2 3.27-4.71 

BSO+AEBN 05 50/1013 4.93 
70/1735 4.03 
47/1635 2.88 
92/1886 4.86 4.18±0.5 2.88-4.93 

AEBN 30 42/1453 2.89 
39/1912 2.04 
51/3054 1.67 
32/2222 1.44 
22/2018 1.09 
28/2545 1.10 1.71 3 ±0.3 1.09-2.89 

BSO+AEBN 30 15/1159 1.29 
17/1532 1. 11 
21/1174 1.79 
25/2336 1.07 
22/1852 1.18 
33/1375 2.40 
22/1134 1.94 1.54 ± 0.2 1.07-2.40 

AAEBN 30 14/1108 1.26 
20/1057 1.89 
13/1884 0.69 
46/1893 2.43 1.57a ±0.4 0.69-2.43 

BSO+AAEBN 30 12/1412 0.85 
11/1375 0.80 
23/1643 1.40 
17/1932 0.88 0.98 ± 0.1 0.80-1.40 

TM- Total metaphases, M.l - Mitotic Index. a p<0.01; student's t-test compared to untreated controls. 
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Fig: 1.5 Effect of BNE with or without BSO on the frequency 
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and bar represent a mean.tSEM value. 
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Table 1.4 Concentration of total GSH in HPBLs with or without BSO (SmM) or RSHE (250 J.19 mf·1) 

Donor Experimental Tota/GSH Mean :tSEM 
# Condition f.JITJ0/1~ cells {Increment %) 

1 Untreated 6.41 
2 4.45 
3 5.19 
4 5.04 5.27 ± 0.41 

1 BSO 0.85 
2 0.78 
3 0.98 
4 0.79 
5 0.92 0.86b ± 0.04 

(-84%) 
1 AEBN 7.18 
2 9.47 
3 9.56 
4 8.41 8.668 ± 0.56 

(64%) 
1 AAEBN 7.04 
2 8.32 
3 8.11 
4 8.19 7.9~ ± 0.29 

(50%) 

8
p<0.05, bp<0.001 student's t-test compared to the control value 
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Fig 1.7 Level oftGSH in BSO and AfBN I AAEBN treated 
HPBLs. Each point and bar represent a mean:tSEM 
value. *p<0.05 compared to control. 
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Table 1.5 Induction of CAs and delay in cell kinetics by AEBN (J..L9 ml-1) in HPBLs in vitro (72h) 

Donor Experimental Abt.M(%) I Chd.bk TM2 M1 M2 AGT - Mitotic Index_ 
# Condition TMt (%) % % (H) TM:ITotal cells (%) 

Untreated 02/108 02 132 54 35 45.0 36/0968 3.72 
AEBN(100) 09/056 11 146 52 42 46.8 39/1340 2.91 
BSO+AEBN 12/060 15 133 57 35 48.0 24/1076 2.23 

2 Untreated 01/096 01 244 45 39 41.9 16/1066 1.50 
AEBN(100) 08/145° 10 293 558 29 44.7 33/11208 2.95 
BSO+AEBN 09/211 09 409 57 32 46.8 64/1675 3.82 
AEBN(250) 13/135b 16 191 74c 17 53.7 25/1662 1.50 
BSO+AEBN 13/127 13 166 83 15 60.7 67/1994c 3.36 

3 Untreated 02/112 02 257 47 20 38.7 45/1278 3.52 
AEBN(100) 07/174 07 334 62c 42 48.8 34/1762b 1.93 
BSO+AEBN 09/313 09 419 78c 15 56.3 24/1188 2.02 
AEBN(250) . 14/059b 15 133 56 38 60.7 38/1919a 1.98 

4 Untreated 02/096 02 194 56 24 43.9 49/2103 2.33 
AEBN(100) 08/059 08 127 58 31 48.6 21/1184 1.77 
AEBN(250) 11/100a 12. 158 65d 22 49.0 33/1499 2.20 
BSO+AEBN 13/164 13 250 69 20 50.6 41/1855 2.21 
BS0(5mM) 02/091 02 198 48 33 42.1 53/1295 4.09 

5 Untreated 02/090 02 241 45 21 37.9 50/1322 3.78 
AEBN(250) 10/126° 10 234 70c 19 51.1 28/1370b 2.00 
BSO+AEBN 11/111 13 148 75 22 56.3 26/1195 2.18 
BS0(5mM) 02/117 02 253 48 31 41.7 32/1245 2.57 

Abt.M I TM, Aberrant metaphases I Total metaphases for aberration study; TM2: Total cells for cell kinetics, 
AGT: Average generation time, TM3: Total metaphases for mitotic index, M.l: Mitotic Index; "p<O.OS, 
"p<0.01,cp<0.0012x2-/ contingency test compared to control. d: Border line of significance at pf0.05 

Table 1.6 Pooled data on the induction of CAs and delay in cell kinetics by AEBN (J..L9 ml·1) in HPBLs (72h) . 

Donor Experimental AbtM (%) TM1 Chd.bk (%) TMz M1% AGT(H) Mitotic Index 
# Condition .±SEM .±SEM .±SEM .±SEM TMJ I (%) 

Total cells .±SEM 

05 Untreated 02 ± 0.2 502 02 ± 0.2 1068 49 ± 2.3 41.5±1.4 19616737 2.97 ± 0.5 
04 AEBN (100) 08 ± 0.4• 434 09 ± 0.9 0900 57±2.1• 47.2 ± 1.0~ 127/5406 2.39 ± 0.3 
03 BSO +AEBN 10 ± 1.0 584 11 ±2.0 0961 64 ± 7.0• 50.4 ± 3.0 115/3939 2.69 ± 0.6 
04 AEBN (250) 12 :t: 0.9" 420 13 ± 1.4 0716 66 ± 3.9• 50.3 ± 1.3S 124/6450• 1.92 ± 0.2 
03 BSO +AEBN 12 :.!: 0.7 402 13 ±00 0564 76 ±4.1" 53.6 ± 3.0@ 134/5044 2.58 ± 0.4 
02 BSO (5mM) 02 ± 00 208 02 ±00 0451 48 ±00 41.9 ±0.2 08512540 3.33 ± 0.5 

"p<0.001 2x2 /contingency test compared to control @p<0.05,#p<0.01,5p<0.001 student's t test compared 
to controls 
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. Table 1.7 Induction of CAs and_ delay in cell kinetics by AAEBN (~g ml·1) in HPBLs (12h) 

Donor Experimental Abt.M(%)1 Chd.bk ™2 M1 M2 AGT Mitotic Index 
# Condition TMt (%) % % (H) TMYTotal cells rA-J 

Untreated 021112 02 257 47 20 38.7 45/1278 3.52 
AAEBN(100) 10/21 oa 10 384 63c 28 51.8 53/2236d 2.37 
BSO+AAEBN 10/191 10 275 74b 17 53.3 4112029 2.02 

2 Untreated 01/176 01 243 32 30 34.9 77/1503 5.12 
AAEBN(100) 12115r 16 300 22a 39 33.1 49/1493a 3.28 
BSO+AAEBN 13/063 14 184 39 40 39.4 30/1023 2.93 

3 Untreated 01/100 01 196 52 35 44.8 4211102 3.81 
AAEBN(100) 08/132a 08 124 52 25 41.9 28/1761c 1.59 
BSO+AAEBN 08/077 09 110 74c 23 55.0 29/1213 2.39 
AAEBN(250) 09/055a 09 187 43 36 40.2 45/1590 2.83 
BSO+AAEBN 121094 13 182 54 a 29 44.2 8211760b 4.66 

4 Untreated 01/118 01 236 52 39 45.6 59/1680 3.51 
AAEBN(100) 07/097. 07 198 53 32 44.1 48/1230 3.90 
BSO+AAEBN 08/080 08 177 57 28 45.4 45/1380 3.26 
AAEBN(250) 09/093. 10 213 47 28 40.6 30/0946 3.17 
BSO+AAEBN 10/103 10 217 55 35 46.5 32/1142 2.80 

5 Untreated 021090 02 241 45 21 37.9 50/1322 3.78 
AAEBN(250) 10/070 10 243 33b 28 34.3 58/1424 4.07 
BSO+AAEBN 13/079 13 277 31 29 34.5 53/1471. 3.60 

6 Untreated 03/112 03 242 49 29 41.6 67/1704 3.93 
AAEBN(250) 10/099 10 222 54 35 45.6 25/108~ 2.30 
BSO+AAEBN 11/071 11 179 44d 31 39.8 19/1032 1.84 
BS0(5mM) 021117 02 253 48 31 41.6 3211245 2.57 

7 Untreated 02/096 02 194 56 24 43.9 49/2103 2.33 
AAEBN(250) 10/114. 10 244 49 33 40.9 24/1175 2.04 
BSO+AAEBN 10/117 10 235 54 25. 43.4 28/1064 2.63 
BS0(5mM) 021091 02 198 48 33 42.1 53/1295 4.09 

Abt.MfTM1: Aberrant metaphases /Total metaphases in aberration study; TM2: Total cells for cell kinetics, 
AGT: Average generation time, TMJ: Total metaphases for mitotic index; M.l: Mitotic Index; •p<0.05, 

bp<0.01,cp<0.001 2x2 'l} contingency test compared to control;d: border line of significance at p<0.051evel 

Table 1.8 Pooled data on the induction of CAs and delay in cell kinetics by AAEBN (~g mJ·1) in HPBLs (12h) 

Donor Experimental AbtM(%) TMt Chd.bk(%) TMz 111% AGT(H) Mitotic Index 
# Condition :tSEM/ .i:SEM .i:SEM .i:SEM TMJI (%) 

Total cells ~M 

07 Untreated 02 ± 0.4 804 02 ± 0.4 1609 48 ±2.9 41.1±1.5 389/10692 3.72 ± 0.3 
04 AAEBN (100) 09±1.1• 596 10 ±2.3 1006 48±8.9 42.8 ±3.8 178/672Qa 2.79 ±0.5 
04 BSO+AAEBN 10 ± 1.2 411 10 ± 1.3 0746 61 ± 8.4• 48.3±3.6 145/5645 2.65 ±0.3 
05 AAEBN (250) 10 ±0.2• 431 10 ± 0.4 1109 45 ±3.5 40.3 ± 1.8 182/6221• 2.88 ±0.4 
05 BSO+AAEBN 11 ± 0.6 464 11 ± 0.6 1090 48±4.6 41.7 ± 2.1 214/6473 3.11 ±0.5 
02 BSO (SmM) 02 ±00 208 02 ±00 0451 48±00 41.9±0.2 85/2540 3.33 ±0.5 

a p<0.001 2x2 /contingency test compared to control. 



Fig:1.8 Effect of AEBN I AAE8N with or without 880 on the 

freue ncy of aberrant meta phases in H P8Ls. Each 
point and bar represents a mean:!:,value. 
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Table 1.9 Induction of SCEs by AEBN (J.LQ ml·1) in HPBLs in vitro (72h) 

Donor Experimental Cells SCE! SCEIM (D/o) H 
# Condition Scored M 0-3 4-6 7-10 11-15 >15 

1 Untreated 29 5.75 21 55 14 10 00 1.685 

AEBN(100) 42 7.33 07 38 38 17 00 0.58 
BSO+AEBN 28 8.58 04 29 39 29 00 1.18 

2 Untreated 36 5.76 14 50 36 00 00 0.85 
AEBN(100) 55 6.25 07 53 40 00 00 0.54 
BSO+AEBN 75 6.91 07 45 40 08 00 1.01 
AEBN(250) 22 8.323 00 05 91 05 00 0.19 
BSO+AEBN 20 9.65 00 20 40 30 10 1.695 

3 Untreated 32 5.54 16 59 25 00 00 1.06 
AEBN(100) 42 6.36 10 45 43 02 00 0.90 
BSO+AEBN 35 7.83 03 29 51 17 00 1.05 
AEBN(250) 31 10.653 00 03 48 48 00 0.53 

4 Untreated 29 6.48 07 52 31 10 00 0.98 
AEBN(100) 28 7.71 04 43 32 21 00 1.41 
AEBN(250) 34 10.41 3 00 24 . 26 41 09 1.545 

BSO+AEBN 32 11.22 00 09 41 31 19 1.38 
BS0(5mM) 54 5.57 22 43 30 06 00 1.05 

5 Untreated 32 5.16 16 66 16 03 00 0.73 
AEBN(250) 20 6.00 20 45 35 00 00 0.88 
BSO+AEBN 33 6.94 03 48 39 09 00 1.01 
BS0(5mM) 39 5.97 21 46 28 05 00 0.59 

H-Dispersion coefficient= variance/mean,$ significantly different at a= 0.05 from Poisson dstribution; ap<0.01, 
Student's t-test compared to controls. 

Table 1.10. Pooled data on the induction of SCEs by AEBN (J.LQ ml·1) in HPBLs in vitro (72h) 

Donor Experimental Cells SCEIM SCE!M(D/o) H 
# Condition Scored :tSEM 0-3 4-6 7-10 11-15 >15 

05 Untreated 158 5.74 ± 0.2 15 56 24 05 00 1.06 
04 AEBN(100) 167 6.91 ± 0.4 07 45 38 10 00 0.86 
03 BSO+AEBN 138 7.77 ± 0.5 05 34 43 18 00 1.08 
04 AEBN(250) 107 8.85 ± 1.1a 05 19 50 24 02 0.79 
03 BSO+AEBN 085 9.27 ± 1.3 01 26 40 23 10 1.36 
02 BS0(5mM) 093 5.77 ± 0.1 22 44 29 05 00 0.82 

a p<0.05 student's t test compared to controls 
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Table 1.11 Induction of SCEs by AAEBN (J.L9 ml·1) in HPBLs (72h) 

Sample Experimental Cells SCE/ SCEIM(%) H 
# Condition Scored M 0-3 4-6 7-10 11-15 >15 

Untreated 32 5.54 16 59 25 00 00 1.06 
AAEBN(100) 54 8.50c 02 24 50 30 04 1.07 
BSO+AAEBN 30 8.53 00 13 63 23 00 0.65 

2 Untreated 47 7.51 09 36 36 17 02 1.735 

AAEBN(100) 71 9.97b 01 11 44 41 03 0.94 
BSO+AAEBN 39 10.57 00 05 59 28 08 1.12 

3 Untreated 39 5.94 13 49 38 00 00 0.66. 
AAEBN(100) 22 7.77 3 05 23 59 14 00 0.66 
BSO+AAEBN 13 8.15 00 38 38 23 00 1.22 
AAEBN(250) 36 7.723 06 39 33 22 00 1.40 
BSO+AAEBN 27 9.42 00 19 48 33 00 1.13 

4 Untreated 42 5.48 21 50 29 00 00 0.71 
AAEBN(100) 38 6.68 11 39 42 08 00 1.06 
BSO+AAEBN 37 8.18 11 24 43 19 03 1.695 

AAEBN(250) 34 9.73c 00 15 53 29 03 1.12 
BSO+AAEBN 32 10.06 06 03 53 31 06 1.01 

5 Untreated 32 5.16 16 66 16 03 00 0.73 
AAEBN(250) 45 6.29 07 49 38 07 00 1.02 
BSO+AAEBN 37 7.54 05 27 51 16 00 0.87 

6 Untreated 52 5.42 25 48 21 06 00 1.19 
AAEBN(250) 44 8.11 b 07 25 48 16 05 1.34 
BSO+AAEBN 24 10.57" 00 13 42 33 13 1.12 
BS0(5mM) 39 5.97 21 46 28 05 00 0.59 

7 Untreated 29 6.48 07 52 31 10 00 0.98 
AAEBN(250) 27 9.70b 04 30 26 26 15 1.955 

BSO+AAEBN 39 9.92 03 23 26 38 10 1.635 

BS0(5mM) 54 5.57 22 43 30 06 00 1.05 

H Dispersion coefficient= variance/mean, $significantly different at a.= 0.05 from Poisson 
distribution ; 3 p<O. 05, bp<O. 01, cp<O. 001 student's t test compared to controls. 

Table 1.12 Pooled data on the induction of SCEs by AAEBN ijlg ml·1) in HPBLs in vitro (72h) 

Donor Experimental Cells SCEJM SCE/M(%) H 
# Condition Scored :tSEM 0-3 4-6 7-10 11-15 >15 

07 Untreated 273 5.93 ± 0.3 15 51 28 05 00 1.01 
04 AAEBN(100) 185 8.233 ± 0.7 05 24 49 23 02 0.96 
04 BSO+AAEBN 119 8.86 ± 0.6 03 20 51 23 03 1.17 
05 AAEBN(250) 186 8.31"± 0.6 05 32 40 20 05 1.37 
05 BSO+AAEBN 159 9.50 ± 0.5 03 17 44 30 06 1.15 
02 BS0(5mM) 093 577+01 22 44 29 05 00 0.82 

a p<O.OS student's t test compared to controls 



Fig:1.10 Effect of AEBN /AAEBN with or without BSO on the 
frequency of SCEs in HPBLs. Each point and bar 
represents the mean ±SEM value. 
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Fig. 1.11 The level of p53 protein in mouse bone marrow cells after RBNE exposure 



51 

Discussion 

In order to understand betel-nut induced genotoxicity we studied the effect of 

unprocessed betel-nut extract (RBNE) on cell kinetics, CA and SCE induction in 

both in vivo and in vitro systems with respect to endogenous GSH status. All 

these cytogenetical parameters are considered to be sensitive indicators of DNA 

damage which increases the risk of cancer and genetic ill health (Chagnati et al 

197 4, Buckton et al 1978). The present data indicate that RBNE induced 

significant delay in cell kinetics, SCE and CAs and the depletion of endogenous 

GSH by BSO-treatment enhanced the delay in cell kinetics and SCEs but not the 

frequency of CAs. It has been shown earlier that BNE can induce DNA strand 

breaks, SCEs and micronuclei in various kinds of cells (IARC 1985, Sundqvist et 

al 1989, Jeng et al 1999). BNE also can induce early malignant changes in 

hamster check pouch (Suri et al 1971, Ranadive et al 1976). There are also 

reports regarding induction of CA and SCEs in PBLs of BN-chewers (Dave et al 

1992). In this study RBNE induced mostly chromatid breaks and failed to induce 

any exchanges. Similar observation was made with arecoline, a prominent 

alkaloid of betel-nut, in mouse BMCs (Deb and Chatterjee 1998). This implies 

that DNA lesions which are induced by RBNE may not be appearing at the same 

time or not in close proximity so that they failed to associate to form exchanges 

(Kihlman 1977). However, one can not rule out the possibility that BNE-induced 

DNA lesions are of different nature which are unable to form exchange 

aberrations since BNE elicits a reduction of the high mobility group of proteins 

and their poly-ADP-ribosylation may influence overall chromosomal organization 

and structure (Sharan 1996). 

In this study both AEBN and AAEBN induced similar level of CA in mouse BMC 

and CA and SCEs in human PBLs. There are reports which suggest that higher 
, 

acidic pH favors accumulation of nitrite and consequently facilitate carcinogenic 

transformation (I ARC 1985, Ohshima et al 1989). However, it seems that in this 
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study higher acidic pH with AAEBN was unable to induce more CA in contrast to 

aqueous extract till 30 days of continuous treatment. 

A novel aspect of the present study is the analysis of the influence of BSO on the 

BNE-induced CAs, SCEs and delay in cell kinetics. The rationale for BSO­

treatment is based on the premise that GSH serves as a major endogenous 

cellular defence against various toxic effects of xenobiotics (Kosower and 

Kosower 1978, Williamson et al 1982) and GSH-depletion itself may lead to 

significant sensitization. Treatment with BSO produces a rapid decrease in the 

GSH levels of the various tissues (Griffith and Miester 1979) and in the present 

study 49% depletion of GSH with respect to control was obtained. It has been 

demonstrated that following a single dose of 556 mg kg-1 BSO for 8-12h 83% 

depletion was achieved for the mouse BMCs (Lee et al 1987). Therefore, the 

incubation period of BSO-treatment in mouse BMCs was kept for 1 Oh in the 

present study. In earlier study we used 200 mg kg-1 as a single dose and 54% 

depletion of the initial level was achieved (Deb and Chatterjee 1998, 

Chattopadhyay et al 1999). In this study since we used BSO more than once, low 

concentration of BSO was used to avoid any possible toxic effect of BSO on cells 

since such toxic effect was reported earlier (Dethlefsen et al 1988, Revesz et al 

1994). In case of in vitro study the freshly drawn blood was incubated with BSO 

for 5h since in cultured cells more than 75% depletion was achieved within 4-Sh 

duration by 500Jlm to 1 OmM of BSO (Shrieve et al 1985, Edgren and Revesz 

1987). In this study the concentration of BSO used was 5mM and 84% depletion 

was obtained after 3h exposure with respect to untreated control. 

It appears that BSO-mediated GSH-depletion increases the number of DNA 

strand break induction by BNE thereby enhancing the frequency of SCEs 

significantly and CA marginally. In fact in our earlier studies intraperitoneal 

injection of AR~ (1 mg I mouse) to BSO-treated mouse significantly increased 

the frequency of CA and SCEs in BMC. In contrast to the earlier studies the 

inability to increase the frequency of CA by RBNE in BSO-treated mouse in the 
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present study could be due to low exposure of mouse to ARC in 1 mg RBNE per 

day. In addition to this the route of treatment is also different. 

The present data show that RBNE induced SCEs significantly in a dose 

dependent manner and the prior treatment with BSO increased the frequency of 

BNE-induced SCEs significantly. It is clear from the data that BNE could induce 

DNA strand breaks which is further increased in presence of BSO. In BNE­

treated sample the frequency of cells having 7 or more SCEs were higher than 

control and when BSO along with AEBN or AAEBN was treated the cells having 

11 or more SCEs per cell were increased substantially in most of the 

experiments. The dispersion analysis indicated that the distribution of SCEs per 

cell after RBNE treatment combined with BSO showed Poisson distribution which 

is an indication that the SCE-induction in those samples was due to DNA 

damage since DNA damaging agent that induces SCEs fit well with the Poisson 

distribution (Rainaldi and Mariani 1982). It was suggested that there are at least 

two mechanisms of SCE induction. One is by damaging DNA (MacRae et al 

1979) and another by inhibiting DNA synthesis (Ishii and Bender 1982). It seems 

that both the mechanisms of SCE induction could take place after BNE 

treatments since inhibiting DNA synthesis could lead to block cell proliferation 

which was also observed in RBNE-treated cells. 

In this study, RBNE induced significant delay in cell cycle in both systems. It has 

been reported that BNE can decrease the clonal cell growth of buccal epithelial 

cells (Sundqvist et al 1989), gingival keratinocytes (Jeng et al 1999) and 

fibroblast cells (VanWyk et al 1994 ). Earlier arecoline showed the ability of 

induction of delay in cell kinetics in mouse BMC (Deb and Chatterjee 1998) and 

similar observation was made by others in human gingival fibroblasts (Jeng et al 

1996) and also in skin fibroblasts (Van Wyk et al 1995). The present data 

demonstrated that the depletion of endogenous GSH enhanced the induction of 

delay in cell kinetics caused by RBNE. It is known that ARC, a component of 

BNE, by losing only one of its methyl group (Boyland and Nery 1969), may bind 
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with nucleic acid and protein (Nery 1971) and by doing so it could induce delay in 

cell kinetics. However, present data show that the RBNE-treatment alone deplete 

endogenous GSH in mouse BMCs and this could also be responsible for the 

delay since cellular GSH are important for cell proliferation (Jeng et al 1996). 

Depletion of cellular GSH by the treatment of ARC and RBNE has been reported 

earlier (Sundqvist et al 1989, Zain et al 1997, Jeng et al 1996) and it render the 

cells susceptible to potential further attack by metabolic BN byproducts. 

Consistent with these findings it has been shown that the extracellular addition of 

GSH, cysteine and N-acetyi-L-cysteine (NAG) could prevent ARC cytotoxicity 

(Jeng et al 1994, Chatterjee and Deb 1999). In contrast to mouse BMC the 

human PBLs showed enhanced GSH level after RBNE-treatment. Reasons 

behind such enhancement is not clear, however, cell type, method of exposure, 

BN concentration, species difference in enzymes necessary for the metabolic 

activation of BN ingredients could partly be responsible for the observed 

response. 

It is worth noting that inspite of initial differences in the GSH-Ievel in response to 

RBNE-treatment in both the cell system RBNE could induce delay in cell kinetics 

a~d CA. Although it is observed that in human PBLs AEBN induced significant 

delay in cell kinetics in most of the experiments and such induction was not their 

in case of AAEBN. The reason for this is not clear. 

The present data indicate that RBNE could induce CA and delay in cell kinetics 

by inducing DNA damage and lowering endogenous GSH level in mouse BMCs. 

Further depletion of GSH by BSO enhanced the frequency of such damages. 

The extent of damage for each parameter was more when mouse was exposed 

continuously to BNE for 30 days than 5 days. It has been reported that a tumour 

suppressor gene like p53 is effective in protecting cells against DNA damage 

induced by various agents including ionizing radiation (Hall et al 1993, Zhan et al 

1994), by blocking the damaged cells at the G1 checkpoint and then presumably 

allowing time for DNA repair (Smith et al 1995). Thus the present observed 
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increase in delay after 30 days exposure may be explained as higher induction of 

DNA damage and therefore, more time was required for repair of such damage. 

If this is true then longer exposure of RBNE should show higher level of p53 

expression and the present result indeed showed higher p53 level after 15 days 

exposure than 1 and 5 days. Elevated level of wild type p53 protein after DNA 

damage induced by radiation or actinomycin D in ML-1 myeloblastic leukemia 

cells has been reported (Kastan et al 1991 ). Increased expression of p53 protein 

has also been reported in head and neck squamous cell carcinoma (Chiba et al 

1996, Ahomadegbe et al 1995). Moreover, elevated levels of p53 protein have 

been observed not only in oral squamous cell carcinomas but also in oral 

dysplastic lesions, suggesting that p53 alteration is an early event in oral 

oncogenesis (Kaur et al 1994 ). 

Therefore, it may be concluded that RBNE has the genotoxic ability which is 

further enhanced by depletion of endogenous GSH level. Habitual chewers of the 

North-Eastern region of India chew raw betel-nut, lime and betel leaf 10-12 times 

or more a day for 1 0-20 min each time and hence the duration of exposure in the 

mouths of humans is many times longer than that expected in our murine 

system. Such continuous exposure may attack the already present DNA­

damaged cells or the cells which has just repaired and thereby activate the repair 

machinery for another round. This repeated repair may lead to error-prone repair 

and ultimately leading to altered gene expression. The increased production of 

COX-2 protein by gingival keratinocytes was observed following exposure to 

BNE (Jeng et al 2000) and overproduction of COX-2 mRNA in head and neck 

tumour tissues has been reported (Chan et al 1999). During the process of 

continuous exposure p53 gene could be a target gene and such tumour 

suppressor gene mutation are the most common genetic abnormalities in human 

cancers, especially in the development of head and neck cancer (Harris 1996, 

Liloglou et al 1997). Therefore, the present result indicate that the endogenous 

GSH-Ievel and p53 expression can provide measure of the exposure, toxic effect 
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and individual susceptibility to environmental chemical compound such as raw 

betel-nut and may be very useful to assess and control the risk of long-term 

outcomes associated with exposure to xenobiotics. 



CHAPTER II 

CELL CYCLE KINETICS, GSH STATUS 
AND LEVEL OF p53: BIOMARKERS OF 

DNA DAMAGE IN BETEL NUT CHEWERS 
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Literature review 

The process of mutagenesis and carcinogenesis is complicated because many 

factors are involved eg, DNA lesions, DNA repair, cell division, clonal instability, 

apoptosis and level of p53-protein (Christensen et al 1999, Hill et al 1999). When 

chemical damage occurs as a consequence of exposure to exogenous agents, 

either chemical or physical, these agents are generally carcinogenic and the type 

of damage and mutations they induce can act as a molecular fingerprint 

indicating exposure to these environmental carcinogen (Greenblatt et al 1994, 

Multani et al 2000). There is growing concern about possible mutagenic and 

carcinogenic effects of genotoxic agents in human populations exposed 

occupationally, accidentally or by life style. The most extensively employed 

method to assess the genetic effects of such exposures has been the analysis of 

chromosomal alterations in stimulated peripheral blood lymphocytes of exposed 

persons. These HPBLs is a very useful system for monitoring human populations 

exposed to genotoxic chemicals. HPBLs are used so that the cytogenetic effects 

of BN at sites other than the oral cavity and esophageal lining (target tissues) can 

be carried out (non-target tissue). The system thus offers an advantage to test 

the in vivo mutagenic I genotoxic effects of chemicals on somatic cells. 

Oral squamous cell carcinoma is the most common malignancy in India (Nair et 

al 1986) and it is tempting to consider a causal association with the region­

specific habit of betel quid chewing, a hypothesis that is strengthened by 

epidemiological studies (Sanghvi 1981 ). Maher et al (1994) demonstrated that 

betel nut (BN) users, independently of tobacco use, are many fold more likely to 

get oral submucous fibrosis, which is a precancerous lesion of the mouth. The 

chemical composition and pharmacological actions of BN have been reported 

and reviewed by several workers (Arjungi 1976, Mazumdar et al 1982, Jeng et al 

2001 ). There are strong indications for a causal association between BN or quid 

chewing habit and oral mucosal diseases such as leukoplakia, oral submucous 
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fibrosis and oral cancer (IARC 1985, Ko et al 1995). Mutagenicity and genotoxi­

city of betel alkaloids, polyphenol and tannin fractions have been reported ( Jeng 

et al 2001, Panigrahi and Rao 1986, Azuine and Bhide 1992, Deb and Chatterjee 

1998). BNE is mutagenic in Chinese hamster V79 cells (Shirname et al 1984) 

and can induce cancerous lesions on the hamster cheek pouch (Ranadive et al 

1979) and also in stomach (Bhide et al 1979). The subcutaneous injection of BN 

extract leads to transplantable fibrosarcoma at the site of injection for 60% of 

Swiss mice involved (Ranadive et al 1976). 

The increased frequency of SCEs, CAs and micronucleated cells in exfoliated 

cells of the buccal mucosa among BN chewers was reported by Dave et al 

( 1991, 1992). The frequency of lymphocytic SCEs was elevated in BN chewers 

and oral cancer patients in comparison to non-chewers controls (Adhvaryu et al 

1991 ). This shows that BN not only affects the target site i.e the oral cavity but 

also the non-target tissues. Hazardous chemicals which are multi-site and multi 

species animal carcinogens are considered to pose a greater threat to humans 

than single-site and single species carcinogens (Tennant 1993). The betel quid 

that is consumed here consists of betel leaf, raw betel nut and lime. The inclusion 

of chewing tobacco, spices or perfumes is generally avoided during chewing of 

l<wai with lime and betel-leaf. Thus this unique situation favors an investigation 

into the length of exposure of the oral and esophageal mucosa to chemicals 

which are released from the BN and leaf during the course of a day. The 

incidence of oral cancer for individuals who smoke, drink alcohol and chew BQ 

has been reported to be 123 fold higher than for abstainers (Ko et al 1995). Long 

term exposure to BQ may give rise to OSF that exhibits clinically-palpable fibrous 

bands toughl and leathery mucosal texture, a blanching of the oral sensation and 

limited mouth opening capability, burning sensation and pain leading to 

difficulties with mastication and phonation {Caniff et al 1986, Pillai et al 1992, 

Zain et al 1997, Meghji and Wamakulasuriya 1997). Besides the carcinogenic 

effects of BN specific nitrosamines, the presence of lime escalates the damaging 
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effects of betel quid. Due to presence of lime (Ca (OH) 2) as a major component 

in a betel quid preparation, BQ chewers saliva typically changes from an 

approximately neutral to an alkaline condition. Rosin (1984) noted that AN 

ingredients can release ROS under alkaline conditions and induce the mitotic 

conversion of Saccharomyces cerevisiae. When the pH level is greater than 9.5 

reactive oxygen species are also capable of inducing nucleotide modification and 

the formation of 8-hydroxydeoxyguanosine (8-0H-dG), this process being 

mediated by the production of hydroxyl radicals (Nair et al 1987). Since the 

presence of 8-0H-dG can easily lead to the formation of mutated initiated cells 

during replication, the compound has been preferred as a biomarker for the 

attack of chemical carcinogens (Marnett, 2000, Kuchino et al 1987). The normal 

mucosal epithelial cells (target tissue) or any other non target tissue are 

continuously subjected to the attack of genotoxic agents present in BQ, tobacco, 

alcohol or nitrosamines and ROS (IARC 1985, Sen et al 1989, Sharan 1996, 

Hoffmann et al 1994). Antioxidants such as GSH, NAC and enzymes such as 

glutathione peroxidase, catalase and superoxide dismutase can form conjugates 

with ROS and reactive intermediates, thus degrading reactive toxic species and 

protecting the critical cellular macromolecules (DNA, proteins, membrane lipids) 

against oral toxicants (Kehrer 1993, Amstad and Cerutti 1990). Repeating and 

continuous exposure of oral mucosal cells to BQ ingredients, however, will lead 

to the impairment of cellular defense systems. Since alcohol, ROS and 

ingredients of BQ, tobacco and related nitrosamines have been shown to exert 

genotoxicity and are crucial for tumour initiation, promotion and progression, 

exposure to these toxicants simultaneously has been shown to markedly 

potentiate the oral cancer incidence. 

The genotoxic potentials of BN/BQ have been revealed by in vitro short-term 

experiments on mammalian test systems. To substantiate the information gained 

by the in vitro studies and with a view of assessing the potential hazards 

associated with BN, we have attempted to determine its genotoxic potentials in 
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individuals regularly consuming BN. A very high frequency of micronucleated 

cells has been observed among Indians chewing betel quid, betel nut and/or 

tobacco (Stich et al 1982, a, b). From this North-Eastern region, a high frequency 

of occurrence of micronucleated cells in buccal mucosa of people who chew raw 

BN has been reported (Stich et al 1982, Stich et al 1983). Chromosome 

damaging activity has also been reported in the saliva of people who chew BN 

(Stich and Stich 1982). BN chewing may be a major risk factor in the etiology of 

oral and digestive system associated cancers, which account for over 50% of the 

total cancer incidence in India (Sanghvi 1981 ). It has been shown that urinary 

tract and urinary bladder are likely to be susceptible to cancer due to BN or BQ 

chewing (Trivedi et al 1995). All the four nitrosamines have been detected from 

the saliva of BN/BQ chewers (Prokopczyk et al 1987). Trace of N-(methyl­

nitrosar:nino) propionitrile (NMPN) a powerful carcinogen in F344 rats (Wenke et 

al 1984) have been detected in saliva of those who chew betel quid without 

tobacco (Nair et al 1987) and have been found to have organ specific 

carcinogenic activity (Rivenson et al 1988). Stich and Anders (1989) reported the 

appearance of N-nitrosoguvacine and relatively large amounts of tannins in the 

saliva of BQ chewers and the saliva was genotoxic to CHO cells. The 

carcinogenicity of N-nitrosoguvacine is an open question with two contradictory 

reports (Rivenson et al 1988, Lijinsky and Taylor 1976). The in vitro experiments 

and endogenous formation of nitrosamines imply that the nitrosation of BN and 

lor tobacco alkaloids occurs in the mouth leading to increased exposure of 

buccal mucosa to specific nitrosamines. However, chewers who swallow the 

betel quid, may form even higher amounts of these nitrosamines in their stomach 

at pH 2.0 (Nair et al 1986). The esophageal lining is bathed with the genotoxins 

present in BN and so the possibility of more severe genotoxic effects due to BN 

increases. 

As GSH is the major antioxidant and a very important detoxifying agent 

protecting the body from free radicals and also eliminates undesirable toxins and 



61 

pollutants. The changes in the antioxidant levels are likely to play a role in the 

induction of complications of the disease. These changes in the antioxidant 

levels were correlated with the duration of the disease and with the development 

of complications (Sundaram et al 1996). DeZwart et al (1999) proposed that the 

disturbances in the antioxidant systems might be useful indicators of the 

susceptibility of subjects to free radical damage. The exposure of buccal 

keratinocytes to BN and ARC leads to GSH depletion (Sundqvist et al 1989), with 

no concomitant rise in glutathione disulfide levels, suggesting that the toxicity of 

BN is possibly not mediated directly by ROS. From our studies we see that the 

exposure of mice to BN-extract for 1 and 5 days show higher level of depletion of 

endogenous GSH in bone marrow cells in 5 days exposed samples than 1 day. 

Reduced GSH, a tripeptide containing cysteine, is an important thiol compound 

present in cells. It plays an important role in regulation of cellular proliferation and 

cellular defence against radiation (Held et al 19B2, Chatterjee and Jacob-Raman 

1986, Chattopadhayay et al 1999) and various toxic effects of xenobiotics (Shaw 

and Chou 1986, Dev-Giri and Chatterjee 1998, Syng-ai and Chatterjee 2002) but 

not against radiomimetic drugs like bleomycin (Chatterjee et al 1989, 

Chattopadhyay et al 1997). Therefore, the alteration in the level of endogenous 

GSH by BN ingredients will modulate the host susceptibility to the action of other 

chemical carcinogens. 

Tumour suppressor gene p53 mutations are the most common genetic 

abnormalities found in human cancers, especially in the development of head 

and neck cancers (Sidransky and Hollstein1996, Liloglou et al 1997). Elevated 

levels of p53 protein have been observed not only in oral sec but also in oral 

dysplastic lesions, suggesting that p53 alteration is an early event in oral 

carcinogenesis (Kaur et al 1994). These findings suggest that inactivation of p53 

protein may precede over tumour development in oral tumorigenesis and thus it 

may serve as an intermediate biomarker for risk assessment. The central role of 

p53 in eliminating the genomic damage so central to the successful genesis of 
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the cancer cell is reflected by the fact that over 70% of human cancers have 

defects in this gene and virtually all have defects in gene upstream or 

downstream of p53 function (Levine 1997). The determination of the levels of 

expression of p53 protein will also serve as an important biomarker which will 

reflect changes occurring in the system of a BN chewer related to exposure to 

BN. The purpose is surveillance, that is the identification of individuals or 

population at risk to adverse health effects so that preventive measures can be 

taken. 

Damaged bases and chromosome breaks may give rise to mutations during cell 

division. To maintain the integrity of their genomes, higher eukaryotes have 

developed mechanisms to recognize and repair DNA damage prior to cell 

division. Failure in one of these mechanisms could be a key step in tumour 

progression. Loss or inactivation of the p53-tumour suppressor protein correlates 

genetic instability (Donehower et al 1992). In normal cells, signals arising from 

damaged DNA leads to activation of the p53 response pathway, resulting in cell­

cycle arrest, DNA repair and apoptosis of certain cells (Harris 1996). Exposure of 

cells to genotoxic agents such as those used in the treatment of cancer, results 

in an induction of the levels of p53 that can mediate either a delay in cell-cycle 

progression or the induction of cell death via an apoptotic pathway (Ko and 

Prives 1996, Levine 1997). p53 immunoreactivity has been associated with 

aggressive clinical course in several tumors , including carcinomas of the lung, 

breast and prostrate (Quinlan et al 1992, Thor et al 1992, Visakorpi et al 1992). 

p53 overexpression detected immunohistochemically correlate with TP53 gene 

mutations in some , but not all cases of non-Hodgin's lymphoma (NHL) ( Sander 

et al 1993, Jaslow et al 1994, Cesarman et al 1992). Interestingly immunohistoc­

hemical staining for PCNA by Cox and Walker (1995) has also elucidated that 

the number of proliferative basal epithelial cells is greater in BQ chewers with 

oral submucous fibrosis than in non-chewers, although the epithelial cells are 

normal or atrophic. Recent immunohistochemical studies have shown that over 
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expression of p53 indicates that a poor prognosis in a variety of malignant tumors 

including bladder, lung, breast and gastrointestinal cancers (Allred et al 1993, 

lwaya et al 1991, Martin et al 1992, Quinlan et al 1992, Sarkis et al 1993, Thor et 

al 1992). Conversely, some investigators have reported that p53 accumulation 

does not affect the prognosis (Brambilla et al 1993, Scott et al 1991) but rather 

seems to be a biologic marker indicative of improved survival potential (Sauter et 

al 1992). Exposure to radiation leads to an increase in the levels of protein that 

derives from an alteration in its half-life as a result of post-translational 

modifications (Levine 1997, Ko and Prives 1996). Similar observations were 

made with exposures to bleomycin and other chemotherapeutic drugs (Lu and 

Lane 1993). Overexpression of p53 protein has been found in 40-70% of head 

and neck carcinomas and in one-half on the non-malignant epithelia adjacent to 

posit.ive tumours (Warnakulasuriya and Johnson 1992, Field et al 1991, Shin et al 

1994). 

The North-East Indian variety of BN is raw, wet and unprocessed consumed with 

betel-leaf and slaked lime. Stich et al (1985) demonstrated the genotoxic 

potentiality of saliva of Kwai-chewers of the tribal population of Meghalaya state 

of North-Eastern region of India in Chinese hamster ovary cells. The average age 

of onset of chewing among tribes was about 12 years. Thus in the period 

between onset of chewing and diagnosis of tumors, the oral mucosa was 

exposed for about 28,000 hours to I<Wai and leaf extracts if we assume an 

average 12min per chewing period. Among kwai-chewers of 35 years of age and 

older, the frequency of oral carcinoma rises significantly. Therefore, the purpose 

of this study was to investigate the extent of DNA damage, delay in cell cycle 

kinetics and p53 expression in l<wai chewers in the tribal population of 

Meghalaya state of North-Eastern region of India and its correlation with 

endogenous GSH level. 
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Materials and methods: 

Human peripheral blood lymphocytes: 

Blood was collected from healthy donors (non-chewers and chewers) with age 

ranging from (24-70) years. For lymphocyte culture whole blood was used and 

cultures were set with 5-bromodeoxyuridine. For GSH estimation and levels of 

p53 protein detection, lymphocytes were isolated from heparinised whole blood 

on a Ficoll hypaque (FH) density gradient. 

Selection of subjects: 

On an average each Kwai weighs 1 Og and is cut into four pieces. Out of 37 

donors, 27 individuals were chewing a mixture of Kwai, lime and betel leaf and 

1 0 healthy individuals are non-chewers. The subjects were divided into the 

following three groups: 

Non-chewers (NC): Individuals who have never chewed kWai in any form were 

included in this category. Within 10 NC controls five were males and five were 

females. 

Moderate chewers (MC): Ten individuals consuming around 40 to 55 grams of 

kwai with an average of 20 chews per day were considered as MG. Except for 

one who was a female, the rest were males. 

Heavy chewers (HC): Seventeen individuals consuming around 100-120 grams 

of nut with an average of 40 chews per day were included in this category. The 

HC were mostly males except for two females. 

All subjects were surveyed for personal information which included number of 

K'wai per day as well as life style information such as age, smoking history (if 

any), consumption of alcohol, duration of l<wai chewing. Most of the donors were 

non-smokers except for two or three in each category having mild smoking habit. 

It should be noted that most chewers swallow their saliva. All the donors had no 

viral disease or antibiotic therapy during the last 6 months. Informed consent was 

obtained from all the individuals studied before sample collection. 
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Culture was done from all the donors. 8 NC (all except donors 9 and 1 0) and 8 

HC (Donors numbers were 1, 4, 5, 7, 8, 11, 12, 15) were randomly selected for 

the determination of the level of p53 protein. The endogenous GSH level was 

estimated from each sample. The controls and chewers were pre-identified from 

the staff members of our university and nearby villages. 

Table 2.1 shows the age and chewing patterns of the samples studied. 

The procedure for culture setting, GSH estimation and western blot analysis has 

been described in Chapter 1. The preparation of metaphases, differential 

staining, scoring and statistical analyses have also been described in the 

previous chapter. However, here blood was used immediately after collection 

without any treatment. It should be noted here that for p53 protein level, 80!19 of 

protein was loaded in each lane in order to obtain representable bands from 

differentiated lymphocytes. 

RESULTS 

(a) Levels of tGSH 

The level of total GSH in the donors is shown in table 2.2, figure 2.1. In the 

control NC group, the levels of GSH ranged from 5.06-10.33 J.lm/1 06 cells with a 

mean value of 7.05 J.lm/1 06 cells. In MC, there was a tendency of depletion with 

GSH level ranging from 4.06-7.90 11m/1 06 cells with a mean value of 6.06 11m/1 06 

cells. In HC, the levels of GSH ranged from 2.02-4.54 J.lm/1 06 cells with a mean 

value of 3.12 !lm/1 06 cells. Thus it was observed that there was 14% and 56% 

reduction of GSH levels in MC and HC respectively when compared to NC 

controls. The reduction in HC is statistically significant. Not much change in GSH 

levels on the basis of their age and sex were seen, except for some females in 

the NC category which show slightly higher GSH values than male donors. 
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(b) Chromosomal Aberrations (CAs): The data for CAs is shown in table 2.3, 

figure 2.2. There was marginal increase in CAs frequency in most MC and HC as 

compared to non-chewers. The aberrations were mostly of the chromatid break 

type. Although the frequency of aberrant metaphases in HC is not significantly 

increased with respect to NC but it clearly shows a positive tendency of induction 

of aberrations in HC. In several HC samples the frequency of aberrant 

metaphases was 4 and 5% which is certainly higher than NC and MC. It is also 

worth noting that these HC are more than 40yrs of age which showed higher 

frequency of aberrant metaphases. 

(c) Sister chromatid exchanges (SCEs): Table 2.4, figures 2.2 show the SCE 

frequency in the donors. In HC, there was significant increase in SCEs when 

compared to NC. The frequency of SCEs in HC is significantly more than NC 

whereas in MC there was a tendency of enhancement since five out of ten 

samples showed more than 6 SCEs per cell which is not so with NC. Figure 2.3 

shows the distribution of SCEs per cell in the RBN-chewers and non-chewers. In 

MC the number of cells having 7-1 0 SCEs increased as compared to NC. In HC 

there was a considerable decrease in the frequency of cells having 0-3 SCEs 

and correspondingly significant increase in cells having 11-15 SCEs with respect 

to NC and MC. However, three HC samples showed 2, 7 and 18% of cells having 

more than 15 SCEs. The dispersion analysis indicated that the distribution of 

SCEs in all the categories did not deviate from Poisson distribution. 

(d) Cell cycle kinetics: Table 2.5, figure 2.4 shows that the percentage of M1 

cells increased in both MC and HC. There was an increase by 6% in M1 cells in 

MC when compared to NC while in HC the increase was significant. The AGT 

value increased significantly in HC indicating delay in the progression of the cell 

cycle. The difference in AGT values between NC and MC is worth noting 

indicating that the timing of cell cycle was increased by 2hrs., however, for HC 

the AGT value was increased by 5 hours. In case of mitotic index scoring, the 

induction of delay is reflected in chewers than NC but between MC and HC there 
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was no difference with respect to mean mitotic index. However, individual Ml 

value of HC indicates that around 50% samples showed 2 or less than 2% which 

was not so for MC and NC. 

(e) p53 protein level 

Representative results of Western blot analysis are illustrated in Figure 2.5. The 

p53 protein was significantly more expressed in HC than NC. Lymphocytes of NC 

were p53 negative (n=4) or weakly positive (n=4) in Western blot analysis under 

our experimental condition. 
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Table 2.1 Summary data on the age and chewing pattern among the samples studied. 

Subjects Age (Yr.) Frequency of Duration of Amount of betel 
[Range} areca nut chewing the habit nut chewed 

(times/day) (Years) (gm/day) 

NC 32 ------- ------
[24-50] 

(n=10) 

MC 30.5 21.2 ± 0.998 10 ± 1.00 52.3 ± 2.15 
(n=10) [25-36) 

HC 39 47.65 ±2.50 24 ± 3.06 120 ± 6.27 
(n=17) [27 -70] 

NC· Non-chewer, MC· Moderate Chewer, HC· Heavy Chewer 
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Table 2.2 Concentration of total GSH in PBLs of RBN chewers and non-chewers. 

Donor Type of Age Sex Tota/GSH Mean.:tSEM 
# chewer (yrs.) (pmol 1 1 o-6 cells) (Reduction%) 

1 NC 24 M 5.31 
2 33 M 5.06 
3 33 M 6.41 
4 50 M 6.82 
5 37 M 5.71 
6 27 F 5.19 
7 33 F 7.01 
8 30 F 10.33 
9 25 F 9.70 
10 28 F 8.97 7.05± 0.62 

1 MC 25 M 4.06 
2 27 M 4.98 
3 31 M 5.04 
4 26 M 7.90 
5 32 M 7.06 
6 29 M 4.36 
7 41 M 6.94 
8 28 M 6.48 
9 36 M 6.07 
10 30 F 7.68 6.06± 0.44 

(14%) 
1 HC 27 M 2.02 
2 29 M 3.15 
3 35 M 4.45 
4 46 M 2.67 
5 39 M 3.57 
6 32 M 3.76 
7 50 M 2.77 
8 33 M 3.65 
9 34 M 3.28 
10 29 M 2.90 
11 70 M 3.59 
12 27 M 2.02 
13 37 M 4.54 
14 49 M 2.63 
15 42 M 3.20 
16 28 F 2.52 
17 60 F 2.40 3.12a± 0.18 

(56%) 

ap<0.001, student's t-test compared to non-chewer value. 
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Table 2.3 Induction of CAs in PBLs of RBN chewers and Non· chewers. 

Donor Type of Sex Age Amt. ofnut TM Abt.M(%) Aberration (%l 
# chewer (Yrs.) Pieces/day Chd.bk 

1 NC M 24 ---------- 054 02 02 
2 M 33 057 02 02 
3 M 33 090 02 02 
4 M 50 112 02 02 
5 M 37 100 01 00 
6 F 27 085 02 02 
7 F 33 095 01 01 
8 F 30 059 02 02 
9 F 25 074 01 01 
10 F 28 085 02 02 

Mean ±SEM 02±0.2 01±0.3 

1 MC M 25 15-20 068 03 03 
2 M 27 20-25 094 02 02 
3 M 31 25-30 096 01 01 
4 M 26 20-25 118 01 01 
5 M 32 25-30 093 03 03 
6 M 29 25-30 092 03 03 
7 M 41 20-30 088 03 03 
8 M 28 25-30 105 03 03 
9 M 36 25-30 097 02 02 
10 F 30 15-20 109 02 02 

Mean ±SEM 02±0.26 02±0.26 

1 HC M 27 30-40 091 02 02 
2 M 29 30-40 076 01 01 
3 M 35 30-40 112 03 03 
4 M 46 40-45 112 04 04 
5 M 39 40-45 093 04 04 
6 M 32 50-60 091 02 02 
7 M 50 50-60 110 03 03 
8 M 33 40-45 088 03 03 
9 M 34 40 075 04 04 
10 M 29 50-60 079 03 03 
11 M 70 -70-75 086 05 05 
12 M 27 30-40 093 03 03 
13 M 37 35-40 067 03 03 
14 M 49 40-45 076 04 04 
15 M 42 30-40 110 04 04 
16 F 28 40 123 03 03 
17 F 60 40-50 105 04 04 

Mean±SEM 03±0.24 03±0.24 

TM-Total metaphases for aberration study, Abt.M- Aberrant Metaphases. 
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Table 2.4 Induction and distribution of SCEs in PBLs of RBN chewers and Non-chewers 

Donor Type of Cells SCE/ SCEIM(%) H 
# chewer scored cell 0-3 4-6 7-10 11-15 >15 

1 NC 29 5.75 21 55 14 10 00 1.685 

2 34 6.12 12 44 41 03 00 0.82 
3 32 5.16 16 66 16 03 00 0.73 
4 32 5.54 16 59 25 00 00 1.06 
5 39 5.94 13 49 38 00 00 0.66 
6 55 5.88 13 53 31 04 00 0.80 
7 34 5.90 03 62 35 00 00 0.85 
8 33 5.21 24 48 24 03 00 1.17 
9 37 4.62 32 49 16 03 00 1.16 
10 32 5.47 19 50 28 03 00 0.88 

Mean ±SEM 5.56±0.14 17 54 27 03 00 0.98 

1 MC 47 6.40 13 38 45 04 00 0.92 
2 38 4.42 39 37 24 00 00 1.33 
3 36 5.76 14 50 36 00 00 0.85 
4 42 5.48 21 50 29 00 00 0.71 
5 35 6.86 03 49 40 06 03 1.14 
6 27 6.48 07 37 56 00 00 0.59 
7 31 5.10 16 61 19 03 00 0.93 
8 32 5.97 16 44 38 03 00 0.88 
9 35 6.26 17 29 54 00 00 0.93 
10 36 6.83 06 33 61 00 00 0.62 

Mean ±SEM 5.96 ±0.25 15 43 40 02 00 0.89 

1 HC 26 7.12 08 38 42 12 00 1.24 
2 47 7.51 09 36 36 17 02 1.735 

3 52 5.42 25 48 21 06 00 1.19 
4 24 8.38 00 38 42 21 00 1.09 
5 29 8.72 07 14 55 17 07 1.45 
6 32 7.03 09 28 59 03 00 0.84 
7 28 6.71 11 39 32 16 00 1.17 
8 26 6.88 08 42 38 12 00 1.10 
9 23 7.61 09 30 39 22 00 1.745 

10 32 6.34 09 47 38 06 00 1.18 
11 24 7.58 00 42 38 21 00 1.40 
12 25 6.60 08 32 56 04 00 0.72 
13 44 11.02 OS 11 30 36 18 1.65$ 
14 35 6.94 03 43 46 09 00 0.84 
15 28 7.89 08 25 39 25 00 1.26 
16 42 5.35 19 52 29 00 00 0.73 
17 26 5.65 23 42 31 04 00 1.15 

Mean ±SEM 7.22a±0.33 09 36 39 14 02 1.20 

H: dispersion coefficient= variance/mean, $significantly different at a.= 0.05 from 
Poisson distribution; ap<O.OS; student's t-test compared to non-chewer control 



3.0 

2.5 

~ 2.0 

~ 
1! 1.5 

~ 
! 1.0 

0.5 

0.0 -non-
~moderatl! 

7 1111111 heavy 

6 

::E 5 

~ 4 

3 

2 

0 

Fig: 2.2 Frequency of C/!16 and SCEs in PBL.s of RBN-chewers 
and non-cheve rs. Each point and bar represents the 

mean:tSEM value. *p<0.05compared to non chevers. 

40 

10 

0 

-NorH:hewe 
~Moderatl! 
1111111111 Heavy 

0-3 4-6 740 1145 >15 

tbnber d SCE/ cell 

Fig:2.3 Frequency distribution of SCEs in PBls 

of Non-, moderate, and heavychevers. 

73 



74 

Table 2.5 Cell cycle kinetics in RBN chewers and Non-chewers. 

Donor Type of ™1 --Cells in% -- AGT(H) Mitotic Index __ 
# chewer Ml M2 M3 TM~otal cells (%) 

1 NC 132 54 35 11 45.00 36/0968 3.72 
2 129 52 35 14 44.17 32/1758 1.82 
3 251 43 24 33 37.89 50/1322 3.78 
4 257 47 20 33 38.71 45/1278 3.52 
5 196 52 35 13 44.80 42/1102 3.81 
6 242 46 45 09 44.44 69/1716 4.02 
7 278 34 40 26 37.50 41/1380 2.97 
8 142 42 47 11 42.86 26/1019 2.55 
9 230 32 43 25 37.31 56/1582 3.54 
10 145 60 34 10 48.09 36/1019 3.53 

Mean ±SEM 46±2.8 42.08±1.2 433/13144 3.33 ±0.2 

1 MC 234 41 41 19 40.45 41/1136 3.61 
2 219 53 33 14 44.79 56/1458 3.84 
3 244 45 39 17 41.86 16/1066 1.50 
4 236 52 39 10 45.55 59/1680 3.51 
5 156 61 32 07 49.32 30/1172 2.56 
6 159 61 22 17 46.15 12/1101 1.09 
7 146 63 27 10 48.98 34/1411 2.41 
8 225 46 33 19 41.86 28/1120 2.50 . 
9 193 51 31 19 42.86 4311424 3.02 
10 234 47 35 18 42.35 22/1038 2.12 

Mean±SEM 52±2.4b 44.42±1.0 3408/12606 2.62(0.3 

1 HC 168 65 21 12 50.35 32/1358 2.36 
2 243 32 30 38 34.92 77/1503 5.12 
3 242 49 29 22 41.62 67/1704 3.93 
4 163 70 23 07 52.55 41/0794 5.16 
5 171 58 30 12 46.75 58/1309 4.43 
6 156 58 33 08 48.00 33/1274 2.59 
7 159 71 23 06 53.33 28/1280 2.19 
8 138 67 25 08 51.06 22/1279 1.72 
9 134 57 33 10 47.37 19/1098 1.73 
10 149 55 31 14 45.28 48/1463 3.28 
11 129 73 19 08 53.33 18/2069 0.87 
12 154 64 23 14 48.00 28/1116 2.51 
13 160 45 44 11 43.37 28/1538 1.82 
14 146 52 32 16 43.90 21/1367 1.54 
15 159 72 23 06 53.73 44/1334 3.30 
16 232 55 31 14 45.27 18/1259 1.43 
17 192 60 29 11 47.68 1411157 1.21 

Mean ±SEM 59± 2.6~ :# 47.44±1.2 596b/22902 2.66±0.3 

TM1- Total metaphases for cell kinetics; TM2- Total metaphases for mitotic index, M.I-Mitotic index 
#p<0.01 ;student's t-test compared to non-chewer controls; ap<0.01 ,bp<0.001 2x2 contingency test 
compared to non chewer controls. 
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Discussion 

The present data show higher DNA damage, delay in cell kinetics, p53 

expression and lower GSH-Ievel in HC than NC and therefore these parameters 

could be a valid and reliable predictor of cancer occurrence among Kwai 

chewers. Considerable interindividual variations have been observed regarding 

the dose, duration of chewing Kwai and occurrence of the disease. In Taiwan, 

80% of total deaths due to oral cancer has been reported to be associated with 

betel-chewing habit. Hence, a great deal of human morbidity and mortality can be 

prevented by watchful monitoring. In the present study, it was attempted to 

explore the possible utility of a combination of cytogenetic endpoints in relation to 

endogenous GSH level and p53 expression in assessing the extent of genomic 

damage caused by the habit of Kwai chewing on non-target tissue like peripheral 

blood lymphocytes (PB~ in chewers not suffering from cancers. It has been 

reported that the frequency of SCEs in lymphocytes was elevated in BN chewers 

and oral cancer patients in comparison to non-chewer controls (Adhvaryu et al 

1991 ). Moreover, it has been proposed that the CA frequency in PBI.smay serve 

not only as a biomarker of mutagen exposure, but also as a biomarker of genetic 

damage of relevance for carcinogenic processes (Aitio et al 1988, Bonassi et al 

2000). Therefore, in this study we analyzed the genotoxic effect in the PBLs 

which can be obtained easily and all these cytogenetical parameters are 

considered to be sensitive indicators of DNA damage which increases the risk of 

cancer and genetic ill health (Chagnati et al 197 4, Buckton et al 1978). 

Alkaloids and ployphenols of the Kwai have been the main suspect for delivering 

carcinogenic chemicals to the masticators (IARC 1985, IARC 1987) however, the 

ingredients of betel-leaf also show the mutagenic, carcinogenic and gene 

convertable potentialities (Stich et al 1983). Due to the presence of lime in Kwai 

preparation, BN-chewers' saliva typically changes from neutral to an alkaline 

condition. Rosin (1984) noted that BN ingredients can release reactive oxygen 

species under alkaline conditions and Nair et al (1987) noted that H20 2 and 
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superoxide radicals are produced during autoxidation of BN-ployphenols when 

the pH level is greater than 9.5. It is well evident that ROS are important in the 

initiation and promotion of cancer (Cerutti 1985). Another important component of 

BN and betel leaf is the transition metal ions such as Cu2+, Mn++, Fe2+ and Fe3+ 

promote the production of ROS by BN (Nair et al 1987). Therefore, it is clear that 

all the components generating from the k'wai mixture have the potentialities of 

cancer induction. 

The present data show distinctly more DNA damage and less endogenous GSH­

Ievel in PBLs of HC than NC. BN extract has been shown to induce cytotoxicity, 

DNA strand breakage, DNA-protein cross-linkage and unscheduled DNA 

synthesis of oral fibroblasts and keratinocytes (Jeng et al 1994, Jeng et al 1999). 

It has been suggested that the metabolic activation may produce a variety of BN­

specific nitrosamines which could be the primary cause of oral mucosal lesions 

(Hoffman et al 1994). Biochemical studies have found that ARC and arecaidine 

react with thiol groups both in vivo and in vitro to produce cysteine 3-alkylation 

adducts (Nery 1971 ). This may explain the cause of the depletion of GSH in oral 

fibroblasts and keratinocytes (Jeng et al 1996) and buccal mucosa of betel-quid 

chewers (Wong et al 1994). Thus the depletion of cellular GSH by ARC may 

render the cells susceptible to potential further attack by other BN components or 

environmental toxicants. Therefore, it is plausible to believe that the target 

tissues like buccal, gingival and oral fibroblasts and keratinocytes of HC most 

likely have more damage than non-target tissues. Significant increase in 

breakage I exchanges was observed in the BQ chewing population compared to 

controls. There was also significant association between breakage I exchange 

frequencies and both duration of chewing and the number of quids used per day 

(Rupa and Eastmond 1997). The HC show appreciable increase in SCEs which 

st1ows that continuous exposure to Kwai is more damaging. The association 

between duration of l<wai chewing and SCEs is intriguing in that it indicates that 

continuous exposure of the cells to l<wai may have induced persistent alterations 
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in the lymphocytes. These observations were made in buccal mucosal cells also 

(the target tissue) where a significant increase in breakage I exchange was 

observed in chewing population compared to controls (Rupa and Eastmond 

1997). 

The cell kinetics of PBLs of HC in culture condition showed significantly slower 

progression than NC. It has been reported that BNE can decrease the clonal cell 

growth of buccal epithelial cells (Sundqvist et al 1989), gingival keratinocytes 

(Jeng et al 1999) and fibroblast cells (VanWyk et al 1994). Earlier ARC showed 

the ability of induction of delay in cell kinetics in mouse BMCs (Deb and 

Chatterjee 1998) and similar observation was made by others in human gingival 

fibroblasts (Jeng et al 1996) and also in skin fibroblasts (VanWyk et al 1995). It 

is known that ARC by losing only one of its methyl groups during metabolism 

(Boyland and Nery 1969) may bind nucleic acids and proteins (Nery 1971 ), and 

such a DNA adduct may interfere in cell proliferation. ARC and BN extract was 

shown to inhibit fibroblast growth and can also deplete cellular GSH (VanWyk et 

al 1995, Jeng et al 1994). In the present study HC showed low GSH level which 

could also be responsible for the delay since cellular GSH are important for cell 

proliferation (Jeng et al1996). 

By feeding Swiss albino mice with BN diet, lipid peroxidation, glutathione-S­

transferase and cytochrome P450 activity were elevated in the liver with a 

concomitant GSH depletion (Singh and Rao 1995). Biochemical studies have 

shown that arecoline and arecaidine react with thiol groups both in vivo and in 

vitro to produce cysteine-3-alkylation adducts (Boyland and Nery 1969, Nery 

1971 ). The extracellular addition of GSH and cysteine has been shown to 

prevent the ARC cytotoxicity to cultured OMF (oral mucosal fibroblasts) in vitro, 

although superoxide dismutase (SOD) and catalase lacked similar preventive 

effects. Therefore, present low GSH level in HC could also be due to interaction 

of RBN components with thiol groups and render the cells more vulnerable to 
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other reactive agents such as nitrosamines which will form from ARC in the cells 

within a few hours (Wenke and Hoffmann 1983). 

The SCE elevation in PBLs observed in the present study are in accordance with 

the reports of others (Adhvaryu et al 1991, Adhvaryu et al 1986). The dispersion 

analysis indicated that the distribution of SCEs per cell in both MC and HC 

showed Poisson distribution which is an indication that the SCE-induction in 

those samples was due to DNA damage since DNA damaging agent that induces 

SCEs fit well with the Poisson distribution (Rainaldi and Mariani 1982). From the 

intracellular distribution of SCEs induced, there was an increase in the cells 

having 7-10 SCEs in MC and increase in cells having 11-15 SCEs in heavy 

chewers. However, one HC sample showed 18% cells having more than 15 

SCEs per cell and its SCE distribution along with couple of others distribution 

deviated from Poisson distribution. Margolin and Shelby (1985) demonstrated the 

groups of individuals with non-significantly different SCE means could have 

significantly different SCE I cell dispersions. Some chemicals, either due to very 

limited distribution or to highly specific cell stage specificity, may induce a 

significant increase in dispersion in the absence of a significant increase in mean 

SCE frequency. This analysis, suggests that examining the distribution of SCEs, 

in addition to mean frequency, is a useful method for evaluating agent specific 

patterns in SCE induction (Tice et al 1989). The biological basis for this 

increasing hyperdispersion with increasing mean SCE frequency in some HC 

samples has not been resolved, and it has been proposed that cell to cell 

differences in induced damage, proliferative capacity, cell stage sensitivity, DNA­

repair activity could modulate the distribution of SCE observed among exposed 

cell populations (Sasaki 1982, Shafer 1982). From the present result it is right to 

speculate that the induction of SCEs is due to DNA-damage and such damage 

will be several degree more for the target cells. However, it seems that such DNA 

lesions could not lead to chromosomal aberrations since the induction of CAs 



80 

was also marginally increased in HC than NC which could also be explained on 

the basis of the clastogenic potential of Kwai components. In the present study, 

the HC were older (mean age 41yrs) than the other groups (mean age for NC 

and MC are 32 and 30 years) and also having longer duration of chewing habit. 

However, reports regarding the effect of age and sex on the frequencies of SCEs 

and CAs were contradictory (Margolin and Shelby 1985, Husum et al 1986) and 

also have no significant influence on the frequency of cytogenetic endpoints in 

question (Adhvaryu et al 1991, Bonassi et al 2000). Here, due to the small 

sample size in each group, the evaluation of the effect of these confounding 

factors will not be meaningful. 

The present data indicate higher induction of DNA damage and delay in cell 

kinetics in HC. It has been reported that a tumour suppressor gene like p53 is 

effective in protecting cells against DNA damage induced by various agents 

including ionizing radiation (Hall et al 1993, Zhan et al 1994), by blocking the 

damaged cells at the G1 checkpoint and then presumably allowing time for DNA 

repair (Smith et al 1995). Thus the present observed increase in delay in HC 

could partly be explained as higher induction of DNA damage and therefore, 

more time was required for repair of such damage. If this is true then HC should 

show higher level of p53 expression and the present result indeed showed higher 

p53 level in HC than NC. Elevated level of wild type p53 protein after DNA 

damage induced by radiation or actinomycin D in ML-1 myeloblastic leukemia 

cells has been reported (Kastan et al 1991 ). Increased expression of p53 protein 

has also been reported in head and neck squamous cell carcinoma (Chiba et al 

1996, Ahomadegbe et al 1995). Moreover, elevated levels of p53 protein have 

been observed not only in oral squamous cell carcinomas but also in oral 

dysplastic lesions, suggesting that p53 alteration is an early event in oral 

oncogenesis (Kaur et al 1998). With the concept that carcinogenesis is a 

multistep process, our findings are consistent with the hypothesis that alteration 

of p53 protein may play an important role in the early phases of oral 
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carcinogenesis (Shin et al 1994). However, in the present study the elevated 

level of p53 protein was analysed in the non-target tissue of k"wai chewers and 

therefore, p53 over accumulation could become a potential intermediate 

biomarker for risk assessment which was proposed by earlier workers (Shin et al 

1994, Bennet et al 1992). Higher frequencies of mutations in the p53 gene or 

increased expression of p53 protein has also been reported in head and neck 

SCC in Japan (Sakai and Tsuchida 1992, Chiba et al 1996) and western 

countries (Hollstein et al 1990, Somers et al 1992, Caemano et al 1993, Shin et 

al 1994). Thus continuous exposure of ~ai will induce much higher frequencies 

of DNA damage, which could ultimately lead to destruction of some important 

genes, including p53 and thus cells with DNA damage might proliferate ultimately 

leading to neoplastic transformation. It is indeed p53 gene is the most frequently 

mutated gene in human oral cancers (Thomas and Maclennan 1992). 

The possible use of biomarkers representing intermediate steps in the pathway 

from exposure to disease to estimate the risk of cancer in human populations has 

gained increasing attention (McMichael and Hall 1997). This p53 expression can 

be taken as a specific marker of malignancy. Hall et al 1991 stated that the 

presence of p53 immunoreactivity can be used to infer neoplastic growth. The 

rapid degradation of p53 in non- transformed cells occurs via a non-lysosomal 

ATP-dependent proteolytic pathway (Ciechanover et al 1991 ). The retarded 

degradation and nuclear accumulation conferred upon abnormal p53 proteins is 

a reflection of elevated stability and self-aggregation of the mutated molecules 

(Halevy et al 1989). The p53 overexpression might be indicative of the presence 

of a p53 mutation. This overexpression of p53 may be a biologic marker 

indicative of improved survival potential and does not affect the prognosis as has 

been reported by some investigators (Brambilla et al 1993, Sauter et al 1992). It 

can be said that this p53 expression may be an early event in oral tumorigenesis, 

resulting in poor prognosis. These may be used in identifying a subset of normal 

Kwai chewers with poor prognosis in the high risk population. In depth studies on 
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larger populations may yield important predictive information, thereby reducing 

morbidity, mortality and the cost of medical treatment for people belonging to 

lower socio-economic groups. So people can be made aware before cancer has 

really occurred. Hitherto, only cytogenetic biomarkers have been validated 

(Rothman et al 1995). From this studies it seems that besides cytogenetical 

parameters, the level of endogenous GSH and the level of p53 protein could act 

as effective biomarkers for l<wai chewers. Because the presence, quantity and 

pattern of expression of the biomarkers should correlate to the probability of 

malignant transformation of a cell or tissue (Wogan 1992). Jeng et al 1994 

suggested that increasing dietary intake of GSH rich foods or dietary 

supplementation with GSH may have chemopreventive potential to reduce BN 

associated oral lesion. But, though this may block nitrosation reactions in vivo in 

1&/ai chewers, cessation of Kwai chewing habit is the only safe way for an 

efficient reduction of cancer risk. 



CHAPTEIIII 

ARE BETEL NUT CHEWERS SENSITIVE TO 

ANY OTHER MUTAGEN? 
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Literature Review 

Molecular epidemiological studies have provided evidence that individual 

susceptibility to environmental carcinogens must result from several host factors 

including the genotype or phenotype of carcinogen-activating and detoxifying 

enzymes and DNA repair enzymes. And so there is an imperative need for 

molecular markers that can predict whether a premalignant lesion will develop 

into an aggressive or metastasizing tumour. The development of head and neck 

cancer may depend upon the interaction between the host susceptibility factors 

and environmental carcinogens. Tobacco and alcohol have been implicated as 

the etiologic agents in -80% of individuals (Blot et at 1998). Host susceptibility 

factors are now being elucidated and may include abnormalities in carcinogen 

metabolism, factors linked to blood group antigen expression, as well as 

deficiencies in DNA repair. One of the more frequently identified genetic 

alterations in head and neck cancers involve the short arm of chromosome 3 in 

which chromosomal rearrangements and deletions predominate and this damage 

may be influenced by the interaction between carcinogen exposures and host 

susceptibility factors. One such factor within head and neck cancer patients may 

be reflected in the mutagen sensitivity assay (Hsu et al 1989, Schantz and Hsu 

1989, Cloos et at 1999). The assay makes use of peripheral blood lymphocytes 

in order to test for Bleomycin (BLM) induced chromosomal breakage in vitro. 

BLM induces chromosomal damage through the generation of free radical 

oxygen, and thus, is reflective of one measure of tobacco I betel quid induced 

damage. Studies have demonstrated that head and neck cancer patients may be 

abnormally sensitive to BLM induced chromosomal damage as compared with 

age and sex matched healthy controls (Spitz et al 1989, Spitz et al 1993, Cloos 

et al 1994, Schantz et al 1997, Cloos et al 1996, Li et al 1994, Pandita and 

Hittelman 1995, Schantz et al 1990). Furthermore risk assessments in this 

studies suggest an interaction between carcinogen exposure and mutagen 
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sensitive measures, risk estimates being highest in those individuals who both 

consume tobacco and express sensitivity to free rad_ical damage in vitro (Spitz et 

al 1993, Schantz et al 1997). The basis of this mutagen sensitivity may reflect an 

underlying DNA repair deficiency or factors which control susceptibility to initial 

clastogenic influences (Pandita and Hittelman 1995). Dave et al 1994, suggested 

that chromatid break sites induced by BLM in vitro were not random but rather 

were predetermined by host-susceptibility factors as well as specific mechanisms 

related to free radical oxygen chromatid interactions. In support of this 

hypothesis, lymphocytes obtained from head and neck cancer patients more 

frequently demonstrated breaks on the short arm of chromosome 3 following 

BLM exposure in vitro than similarly treated lymphocytes from either_ healthy 

controls or patients with melanoma. For cancers of the respiratory and upper 

digestive tracts, traditional epidemiology has identified smoking and alcohol 

intake as major risk factors (Maier et al 1992, Baron et al 1993). Molecular 

epidemiology is a relatively new approach that incorporates individual biomarkers 

for cancer risk assessments in populations. An interaction between exposure to 

carcinogens and susceptibility factors was found to determine cancer risk. 

Susceptibility biomarkers have been reported, for instance, on carcinogen 

detoxification, carcinogen activation, and formation of DNA adducts (Spivack et 

al1997, Vinies et al1994, Kato et al1995). 

There is increased interest in using biological markers to monitor populations for 

identification of excessive toxicants. The ultimate goal is to use these biomarker 

data to indicate early disease and to predict increased risk for development of 

long-term health consequences. The choice of biomarkers for population studies 

will therefore determine the usefulness of the results in public health. 

Chromosome aberration is one of the most extensively used biomarkers for 

population monitoring. Unlike most other biomarkers·, existence of chromosome 

aberrations has been shown to be associated with health effects. For example, 

chromosome aberration is frequently used as an internal biological dosimeter for 
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exposure to ionizing radiations (Awa et al 1971, Bauchinger 1984) and the dose­

response relationship of chromosome aberration to exposure is similar to that for 

leukemia mortality (Bender and Wong 1982). In a prospective cohort study, 

populations with increased chromosomal aberrations have higher leukemia 

mortality than those with lower chromosome aberrations (Sorsa et al 1990, 

Hagmar et al 1994 ). Therefore this biomarker can be used to predict health 

consequences. 

Susceptibility to bleomycin-induced chromatid breaks in cultured peripheral blood 

lymphocytes may reflect the way a person deals with carcinogenic challenges. 

This susceptibility (also called as mutagen sensitivity) has been found to be 

increased in patients with environmentally related cancers, including cancers of 

the head and neck, lung and colon, and, in combination with carcinogenic 

exposure, this susceptibility can greater influence cancer risk (Cioos et al1999). 

The drug bleomycin (BLM) is a mixture of closely related .glycopeptide antibiotics, 

primarily bleomycins A2 and B2 isolated from Streptomyces verticil/us (Povirk and 

Austin 1991, Burger 1998). BLM has found use in the treatment of cancers of the 

head and neck, squamous cell carcinomas, testicular cancer, and some 

lymphomas (Hay et al 1991, Stubbe et al 1996). BLM is said to be radiomimetic 

because its induction of genetic damage resembles that of ionising radiation. The 

primary features are S-phase independence and the induction of chromosome 

type aberrations in Go cells (Povirk and Austin 1991 ). Treatments of Go 

lymphocytes with BLM causes dose dependent increases in the frequency of 

chromosomal aberrations (Dresp et al 1978) and micronuclei (Hoffmann et al 

1993a). As in the case of indirect action of radiation, BLM is also known to induce 

DNA breaks through the production of free radicals (Sausville et al 1976, 

Takeshita et al 1978). 

To cause DNA damage, BLM must associate with DNA and be activated (Povirk 

and Austin 1991, Stubbe et al 1996, Burger 1998). The initial step is the binding 

of Fe·2-BLM to DNA by hydrophobic and ionic interactions mediated by its 
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bithiazole moiety and C-terminus (Kane et al 1994). Activation occurred through 

addition of oxygen to Fe+2-BLM, followed by a one electron reduction (Povirk 

1996, Stubbe et al 1996) giving rise to a species called "activated bleomycin" 

whose probable structure is a ferric hydroperoxide (HOO- Fe+3-BLM) (Stubbe et 

al 1996, Burger 1998). The metal binding portion of BLM which determines the 

sequence selectivity of strand scission, seems to be oriented in the minor groove 

of DNA (Kane et al1994) where activated BLM specifically abstracts a hydrogen 

from the 4' position of deoxyribose, forming a free radical (Burger 1998). The 

addition of oxygen to the free radical at 4' gives rise to a peroxyl radical whose 

decomposition causes the release of a base propenal and a strand break with 5'­

phosphate and 3'-phophoglycolate ends (Povirk and Austin 1991 ). After a single­

strand break occurs at a primary cleavage site, the same molecule of BLM is 

apparently reactivated in situ and cleaves the complementary strand, resulting in 

a blunt-ended double-strand break (Stubbe et al 1996, Charles and Povirk 1998). 

Potentiation of the genotoxic activity of BLM with GSH has been observed 

(Chatterjee et al 1989). This could be due to GSH acting as a reducing agent 

either in reactivating oxidised Fe+3-BLM to reduced Fe+2-BLM or alternatively due 

to its binding directly with the DNA and altering the helical structure, thereby 

enhancing BLM binding itself (Chatterjee et al 1989). GSH acts by reducing the 

oxidized BLM, thus reactivating the spent BLM for further production of radicals 

causing more DNA breaks. Depletion of endogenous GSH by BSO reduced the 

clastogenic actions of BLM, whereas elevation of endogenous GSH by GSH and 

GSH-ester potentiate the cytotoxicity of BLM (Chattopadhyay et al 1997). 

Thus an attempt has been made for mutagen sensitivity assay of the RBN­

chewers since such assay may reflect either an underlying DNA repair deficiency 

or factors which control susceptibilty to initial clastogenic influences (Pandita and 

Hittelman 1995). As a cell source, peripheral blood lymphocytes were used 

since these are easily available and can be cultured for a few days from whole 

blood samples. 
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Materials and methods: 

Materials: Human peripheral blood from 7 Non-chewers (Donor numbers 1 to 7) 

and 5 Heavy chewers (Donor numbers 4, 5, 7, 14, 15) of Kwai were selected 

randomly. This has been described in details in previous chapter. 

Reagents: 

Bleomycin sulphate (BLM, Biochem Pharmaceutical Industries, Mumbai, India): 

One vial of commercially available "Bieochem" used in this study, contains 15 mg 

potency of bleomycin sulphate. Stock solution of the concentration, 30001-lg mr1 

was prepared by dissolving in 5 ml distilled water. Fresh working solution of the 

concentration 10001-ig mr1 was prepared in RPMI 1640 medium. From here the 

required amount was added to each culture so that the concentration is 30Jlgmr1 

of culture. 

The other reagents used for culture are same as described in the previous 

chapters. 

Culture procedure: The standard lymphocyte culture as described earlier was 

followed, however with slight modifications. No BudR was added. At 67h of 

incubation, cultures were treated with BLM (301-lg mr1
) 5h before cell-harvesting, 

ensuring that damage induced in the late S and G2 phases of the cell-cycle could 

be evaluated at metaphase. Colcemid was added 3h prior to harvesting to induce 

mitotic arrest. For each subject duplicate cultures were used. 

Preparation of metaphases: The conventional cell harvesting procedure was 

followed. The slides were stained with 3% Giemsa and mounted in DPX. 

Scoring and statistical analysis: Only chromosome aberrations were studied. 

Aberrations were scored as chromatid breaks and deletions. At least 1 00 well 

spread metaphases were examined from coded slides. Data were subjected to 

statistical analysis using the 2x2 contingency test for the frequency of aberrant 

metaphases and simple x2-test for aberration. 
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Results 

Microphotographs representing different types of aberrations induced by BLM in 

NC and HC are depicted in figure 3.1. 

Table 3.1, 3.2 and figure 3.2 shows the frequency of chromosomal aberrations in 

NC and HC. The range of the frequency of aberrant metaphases was 17 to 24% 

with a mean of 20% after exposing the G2 lymphocytes to BLM in NC whereas in 

HC the range was 20 to 36% with a mean of 28%. Both the frequency of BLM 

induced chromatid break and deletions were increased in HC, however the extent 

of increase with respect to deletion was significant. The range of the frequency of 

chromatid break was 10 to 37% in NC whereas in HC the range was 17 to 54%. 

The frequency of deletions in NC was 1 0 to 27% whereas in HC the frequency 

was appreciably high ranging from 24 to 46%. Regarding the distribution of 

aberrations per cell it is clear from table 3.3, figure 3.3 that the number of cells 

having 4 or more than 4 aberrations were much higher in HC than in NC. In NC 

number of cells having 1 or 2 aberrations was more than cells having 3 or 4 

aberrations per cell. 



. ' A 

B 

Fig 3.1: Microphotographs showing Bleomycin-induced aberrations in peripheral blood 
lymphocytes of non- and heavy chewers. Chromatid break (c) , Deletion (d). 
A. Non-chewer. 
B. Heavy-chewer. 
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Table 3.1 Induction of CAs in PBLs of RBN chewers and non-chewers with BLM (30 ~g ml·1) 

Donor# Type of Experimental TM Abt.M Chd.bk Del 
/Age Chewer Condition f/o) f/o) (%) 

1/24 NC untreated 120 02 02 00 
BLM 105 17 10 10 

2/33 untreated 107 01 01 00 
BLM 126 19 13 21 

3/33 Untreated 132 02 02 00 
BLM 118 18 19 19 

4/50 Untreated 145 02 02 00 
BLM 113 24 37 27 

5/37 Untreated 143 01- 01 00 
BLM 075 23 25 25 

6/27 Untreated 141 01 01 00 
BLM 099 17 21 19 

7/33 Untreated 197 02 02 00 
BLM 127 20 22 24 

4/46 HC untreated 100 04 04 01 
BLM 134 29 20 39 

5/39 Untreated 120 04 04 00 
BLM 123 20 19 24 

7/50 Untreated 079 05 05 00 
BLM 125 24 17 41 

14/49 Untreated 134 04 04 00 
BLM 108 31 28 36 

15/42 Untreated 120 05 05 00 
BLM 085 36 54 46 

TM-Total Metaphases for aberration study, Abt.M- Aberrant metaphases, 

Table 3.2 Pooled data on the induction of CAs in RBN chewers and non-chewers with 
BLM (30~g ml-1) 

Donor Type of Experimental TM Abt.M(D/o) Chd.bk(%) Dei(D/o) 
# Chewer condition i:SEM i:SEM i:SEM 

07 NC Untreated 985 02±0.2 02±0.2 00 
BLM 763 20±1.1 21±3.3 21±2.1 

05 HC Untreated 553 04±0.2 04±0.2 00 
BLM 575 28±2.8a 28±6.9 37±3.7b 

ap<0.001; 2X2 contingency/ test compared to non-chewer controls. 
bp<0.001; /test compared to non-chewer controls 



90 

Table 3.3 Frequency distribution of Aberrations in BLM treated lymphocytes of RBN chewers 
and Non- chewers 

Donor Type of Experimental AbtM __ Aberration !cell (DA,) __ 
# Chewer Condition (DA,) 1 2 3 4 >4 

1 NC BLM 17 61 22 11 06 00 
2 19 42 38 20 00 DO 
3 18 48 14 23 05 10 
4 24 26 33 22 04 15 
5 23 12 53 29 06 00 
6 17 35 41 18 06 00 
7 20 52 44 04 00 00 

Mean 39 35 18 04 04 

4 HC BLM 29 23 21 20 18 18 
5 20 48 24 04 16 08 
7 24 37 29 20 07 07 
14 31 32 29 18 12 09 
15 36 23 23 16 19 19 

Mean 33 25 16 14 12 
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Fig: 3.2 Induction of aberrations by BLM in PBLs of RBN­
-chewersand non-chewers. Each point and bar 
represents a mean:!:,SEM value. *p<0.001 comp­

ared to non chewer control. 
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Fig; 3.3 Frequency distribution of aberrations induced 
by BLM in PB Ls of non-and heavy chewers. 
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Discussion: 

The present study is carried out to analyze the influence of BLM treatment on the 

induction of chromatid break in G2 phase of PBLs in NC and HC to determine the 

individual susceptibility to carcinogenic assaults. For environmentally related 

cancers, such as colon cancer, lung cancer and head and neck squamous cell 

carcinoma (HNSCC), the biologic relevance of this marker has been well 

established (Hsu et al 1989, Scott et al 1994 ). It was shown earlier that an 

increase in the mean level of chromatid breaks per cell in cancer patients 

compared with healthy control persons (Hsu et al 1989, Scott et al 1994, Cloos et 

al 1994 ). BLM induces chromosomal damage through the generation of free 

radical oxygen and thus is reflective of one measure of BN induced damage. HC 

showed higher induction of chromatid breaks than NC. The number of cells 

having 4 or more than 4 breaks were increased in HC. The relationship between 

a high susceptibility for the chromatid breaks and the development of 

environmentally related cancers have been established in retrospective (Hsu et 

al1989) and a limited number of prospective studies (Spitz et al1994, Schantz et 

al 2000). Risk assessment in this study suggest an interaction between 

carcinogen exposure and mutagen sensitivity measures, risk estimates being 

higher in those individuals who both consume l<wai and express sensitivity to free 

radical oxygen damage in vitro. The great refinement of cancer risk assessment 

by use of the susceptibility to bleomycin-induced chromatid breaks indicated the 

importance of this biomarker. The phenotypes, mean chromatid breaks per cell, 

can be valuable determinant because it may be indicative of ~he cancer prone 

phenotype and can be used as an endpoint in these studies. Susceptibility to 

BLM induced chromatid breaks in cultured PBLs may reflect the way a person 

deals with carcinogenic challenges and it has the advantage that it can be 

assessed before the cancer has occurred. Avoidance of exposure to 

environmental and occupational carcinogens, especially in sensitive persons, 
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may then become an important factor in the prevention of cancer (Cinciripini et al 

1997). 

The basis of this mutagen sensitivity may reflect either an underlying DNA repair 

deficiency or factors which control susceptibility to initial clastogenic influences 

(Pandita and Hitelman . 1995). Dave et al 1994, suggested that chromatid break 

sites induced by bleomycin in vitro were not random but rather were 

predetermined by both host susceptibility factors as well as specific mechanisms 

related to free radical oxygen-chromatid interactions. It can be said that mutagen 

sensitivity is not an independent risk factor but a constitutional factor, which 

reflects the way in which genotoxic compounds are dealt with, and is thereby 

directly related to cancer risk. 

It has been reported that the frequency of CAs by BLM enhanced significantly in 

the presence of GSH (Chatterjee et al 1989). However, BSO mediated GSH­

depletion reduced the clastogenic action of BLM (Chattopadhyay et al 1997). 

Such reduction in the effect of BLM in GSH depleted cells could be attributed due 

to the failure of reactivation of the oxidised BLM by reducing agent GSH which is 

present endogenously. Radicals which are generated due to reduction of 

oxidised BLM by the increased level of cellular GSH could be responsible for the 

increasing frequency of deletion and chromatid breaks. In the present study, we 

found that the endogenous GSH level is reduced in HC than NC, however, the 

BLM induced more damage in HC than NC. Therefore, it seems that BLM­

induced higher DNA damage in HC which could be due to inefficient DNA-repair 

and antioxidant machinery in addition to other cellular factors might play a role. 

There could be changes in the DNA repair machinery as has been reported 

earlier (Au et al 1995). Carcinogenesis is a multi step process involving multiple 

and sequential genetic alterations. It has been proposed that an initial step for 

the development of cancer involves the induction of a mutator phenotype (Loeb 

1991 ). Recent evidence suggests that the phenomenon of mutator phenotype 

leading to genetic instability may be caused by DNA-repair deficiency (Loeb 
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1994, Mod rich 1994 ), this repair deficiency may be caused by exposure to 

environmental toxicants. For e.g. tire-storage workers exposed to nitroso­

compounds and hospital personnel exposed to antineoplastic drugs were 

deficient in methylguanine alkyl-transferase activities (Sagher et al 1989, Oesch 

and Klein 1992). Abnormal repair synthesis was documented in lymphocytes of 

cigarette smokers and drug addicts when their cells were challenged with UV 

light or chemicals (Madden et al 1979, Celotti et al 1989, Mayer et al 1991 ). 

The assumption is that lymphocytes from toxicant exposed individuals will have 

DNA repair deficiency due to modification of DNA I proteins (e.g. adducts) or 

mutation of DNA repair genes and will make more mistakes in repairing the DNA 

strand breaks than lymphocytes from controls. The significance of DNA repair 

deficiency in the carcinogenesis process is that such abnormality causes multiple 

and sequential genetic alteration in cells, thus promoting the evolution of genetic 

change that are relevant to the development of cancer. Although the 

mechanisms for the abnormal DNA repair are not known, the abnormality may be 

caused by blockage of repair processes on DNA (eg adducts) or by mutation of 

genes that code for DNA repair enzymes (Au 1993). Because the DNA repair 

process involves multiple enzymes, it represents an enormous target for insult by 

toxicants. The abnormal DNA repair response will cause cells from affected 

individuals to make more mistakes in the repair of DNA damage, especially from 

further exposure to mutagens. The abnormalities may cause these populations to 

have increased health risk (Au et al 1996). The aberrations were more in HC and 

this will serve as an important biomarker to monitor populations for identification 

of excessive exposure to environmental toxicants. The idea of a casual 

association between CAs and cancer risk is based on the concept that genetic 

damage in lymphocytes reflects similar damage in cells undergoing 

carcinogenesis (Bonassi et al 2000). The ultimate goal is to use these biomarker 

data to indicate early disease and to predict increased risk for development of 

long-term health consequences. Based on these data, which requires 
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confirmation by a larger study, identification of high-risk subjects could now be 

explored to advise them on cessation of the habit before development of clinical 

symptoms of cancer. Because alterations of DNA repair genes, which are critical 

for maintaining DNA integrity can increase cancer susceptibility by increasing 

genomic instability. Excessive exposure to RBN could cause more DNA damage 

which might lead to abnormality in DNA repair, and genetic instability. 



SUMMARY 



96 

Betel nut (BN) or areca nut is the hard. edible, endosperm of the palm Areca 

catechu Linn (palmaceae ) which grows throughout south and south east Asia 

and in several pacific ocean Islands. The North-East Indian variety of BN is raw, 

wet and unprocessed (RBN, locally known as Kwai by the Khasi tribe of the 

North-Eastern region of India) consumed with betel leaf and slaked lime. The 

constituents of this nut show higher alkaloids, polyphenols and tannins as 

compared to the dry one. There are strong indications for a casual association 

between BN or quid chewing habit and oral mucosal diseases such as 

leukoplakia, oral submucous fibrosis and oral cancer. BN-extract (BNE) can 

induce DNA strand breaks, sister chromatid exchanges (SCEs) and micronuclei 

in various kinds of cells. The frequency of lymphocytic SCE was elevated in BN 

chewers and oral cancer patients in comparison to non-chewers. 

Reduced glutathione (GSH), a tripeptide containing cysteine, is an important thiol 

compound present in cells. It plays an important role in regulation of cellular 

proliferation and cellular defense against radiation and various toxic effects of 

xenobiotics but not against radiomimetic drugs like bleomycin (BLM). Arecoline 

(ARC, an alkaloid of betel nut) induced chromosomal aberrations (CAs) in mice is 

enhanced by buthionine sulfoximine (BSO), a glutathione synthesis inhibitor and 

the genotoxic effect of ARC was reduced when it was administered with N-acetyi­

L-cysteine (NAC). Therefore, the present study was undertaken to determine the 

genotoxic effect of RBNE with respect to endogenous GSH level. The 

disturbances in the antioxidant systems might be useful indicators of the 

susceptibility of subjects to free radical damage. Intracellular GSH status appears 

to be sensitive indicator of the cells' overall health and of its ability to resist toxic 

challenge. Two types of extract were chosen for this study- Aqueous extract of 

betel nut (AEBN) and Acetic acid extract of betel nut (AAEBN) 

Tumor suppressor gene p53 mutations are the most common genetic 

abnormalities found in human cancers, especially in the development of head 

and neck cancer. Elevated levels of p53 protein have been observed not only in 
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oral squamous cell carcinoma but also in oral dysplastic lesions, suggesting that 

p53 alteration is an early event in oral carcinogenesis. These findings suggest 

that inactivation of p53 protein may precede over tumour development in oral 

tumorigenesis and thus it may serve as an intermediate biomarker for risk 

assessment. Another important purpose of this study was to investigate the 

extent of DNA damage, delay in cell kinetics and p53 expression in Kwai 

chewers in the tribal population of Meghalaya state of North-eastern region of 

India and its correlation with endogenous GSH level. We have made an attempt 

to see the level of p53 protein in mouse in vivo after RBNE treatment. 

The development of head and neck cancer may depend upon the interaction 

between host susceptibility factors and environmental carcinogens. Studies by 

using the mutagen sensitive assay have demonstrated that head and neck 

cancer patients may be abnormally sensitive to BLM induced chromosomal 

damage as compared with age and sex matched healthy controls. The assay 

makes use of peripheral blood lymphocytes in order to test for BLM induced 

chromosomal damage through the generation of free radical oxygen, and thus is 

reflective of one measure of tobacco I BN induced damage. The basis of this 

mutagen sensitivity may reflect an underlying DNA repair deficiency or factors 

which control susceptibility to initial clastogenic influences. Risk assessments in 

these studies suggest an interaction between carcinogenic exposure and 

mutagen sensitive measures, risk estimates being higher in those individuals 

who both consume l<wai and express sensitivity to free radical damage in vitro. 

So in addition to these, an attempt has been made for mutagen sensitivity assay 

of these chewers since such assay may reflect either an underlying DNA repair 

deficiency or factors which control susceptibility to initial clastogenic influences. 

Western blot analysis to determine the p53 protein levels in BN chewers and 

non-chewers and mutagen sensitivity assay in them were also performed. 
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The important aspect of this investigation is that the genotoxic effect of BN was 

studied in the non-target tissue (HPBLs) and it is known that genetic damage in 

lymphocytes reflects similar damage in cells undergoing carcinogenesis. From 

this study the following are the major observations that were made: 

>- The RBNE is genotoxic and the endogenous glutathione (GSH) level could 

influence its effect. The depletion of GSH did not have much influence on CAs 

but SCEs and delay in cell proliferation were significantly enhanced. The level of 

p53 protein appreciably increased after treatment with RNBE for longer duration. 

>-The population study carried out in RBN chewers showed that the amount of 

DNA-lesions was increased in Heavy chewers (HC) than Moderate chewers 

(MC) and Non chewers (NC). CAs also showed a positive tendency of increase 

in HC. Significant delay in cell cycle progression was seen in HC and the GSH 

level also significantly reduced in HC. Such increased DNA-damage could arrest 

the cells at G1 checkpoint presumably allowing time for DNA-repair. This 

speculation is consolidated after observing an increased level of p53 protein in 

HC than NC. 

>-From the mutagen sensitivity assay performed using bleomycin (BLM), it was 

observed that the frequency of CAs significantly enhanced in HC than NC. It is 

thus evident that HC are more susceptible to free radical damage or to damage 

by other toxicant. This reflects either an underlying DNA repair deficiency in BN 

chewers or factors which control susceptibility to initial clastogenic influences. 

Thus, from the present investigation, it is clear that continuous and chronic 

exposure to BN causes more DNA damage and delay in cell cycle. The depletion 

of cellular GSH may render the cells susceptible to potential further attack by 
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other BN components. Such continuous exposure may attack the already present 

DNA damaged cells or cells which has just repaired and thereby activate the 

repair machinery for further action. This repeated repair process may lead to 

error-prone repair and ultimately leading to altered gene expression. Thus the 

endogenous GSH level and p53 protein expression serve as important 

biomarkers of DNA damage in RBN chewers and may be useful to assess and 

control the high-risk population of long-term health outcomes associated with 

exposure to xenobiotics. 
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and their mutagen sensitivity 
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