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iO-any^ri/ a^A/^ ygagz-ff^ud^ i/ffnalet/ (Aair /f^H>^/!»' /ny eaytgrunoAtJ, yo^u Aaffg 

m^u/e a ffiy i/^^lSirgncg ui tAii^in^ct. 
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^ut /na^it ff^a// - ^ my ^^n/ Ofu/ S^ae^ig^ ^giui bAriit /!>^ m^iAi/ty 

^a/iriia/tJ d-P/S^t ui /tfftygt ti^gt/ff^</ffi/ty ufAat ii riyA(,/ffr a/ltgr a ur^Ai/g u^g 

iff^i//rga^ a Aa^agit g^Z/giiiAy i^t^g ^g/i tygt e/iigguraygt/a/n/yiag u/i./ a 

rga/ity in, my 
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Since its discovery in 1963, (Frust et al, 1993) metal chelation 

continues to play an important role in the cure and cause of malignancy. One 

of the most outstanding recent developments in the field of metal compounds 

in medicine was Rosenberg's accidental discovery that platinum complexes 

possess anti-tumor activity (Rosenberg, 1969). The most widely used 

chemotherapeutic regimen includes platinum compounds. (McGuire et al 

1993) However, drug resistance of tumor cells (Johnson e/a/1993), toxicity 

(nephrotoxicity, ototoxicity, neurotoxicity) and side effects (emesis) frequently 

limit the clinical usefulness of cisplatin. Chemical modifications of the drug 

have been carried out to reduce toxic effects and improve their antitumor 

efficacy and pharmacokinetic properties (Perez 1991). Many cisplatin 

analogs have been investigated in recent years (Carnetta et al 1996). 

Moreover, several non-platinum metal complexes have been extensively 

investigated in recent years (Moebus ef a/1997) and antitumor activity has 

been found in derivatives of rhodium, indium and palladium and other 

compounds containing copper, gallium, titanium, tin and germanium were 

tested for their biological activity in human cancer cells (Keppler 1993, Gielen 

1990, Respondek e/a/1996.). 

Organotin compounds show a spectrum of biological effects and have 

been extensively studied and used commercially as fungicides, bactericides, 

acaricides and wood preservatives (Blunden e/a/1985), anti-fouling coating, 

insecticides and plastics stabilizers (Sasaki a/"a/1993). The biological effects 

of organotins have been well investigated (Boyer 1989), these include skin 

toxicity, neurotoxicity, immunotoxicity, and carcinogenicity (Innes, 1969). 

Organotins have also been widely studied as environmental pollutants in 

both land and water. Triphenyltin have been extensively investigated as a 

major seawater pollutant in Japan (The Environment Agency of Japan, 

1991). But there is virtually no report on the interaction of organotin 

compounds with the DNA. Early studies showed that they are inactive 

towards transplanted mouse cancers (Krause 1969). However in 1972, 

Brown demonstrated that tryphenyltin acetate, but not chloride, when 



administered in the food or by injection retarded tumor growth in mice. Only 

scanty and scattered information is available on their activity against cancer 

(Evans e/a/1985; Saxena 1987). 

The development of cancer is no longer a mystery. During the past 

two decades, investigators have made astonishing progress in the deepest 

bases of the process - those at the molecular level, but translation of new 

understanding into clinical practice is complicated, slow and expensive. The 

term "cancer" refers to more than 100 forms of the disease. Almost every 

tissue in the body can spawn malignancies some even yield several types. 

What is more, each cancer has unique features. The 30 trillion cells of the 

normal, healthy human body live in a complex, interdependent condominium, 

regulating one another's proliferation. Indeed, normal cells reproduce only 

when instructed to do so by other cells in their vicinity. Such unceasing 

collaboration ensures that each tissue maintains a size and architecture 

appropriate to the body's need. Cancer cells, in stark contrast, violate this 

scheme; they become deaf to the usual controls on proliferation and follow 

their own internal agenda for reproduction. They also possess an even more 

insidious property - the ability to migrate from the site where they began, 

invading nearby tissues and forming masses at distant sites in the body. 

Tumors composed of such malignant cells become more and more 

aggressive over time, and they become lethal when they disrupt the tissues 

and organs needed for the survival of the organism as a whole. 

Over the past 25 years, scientists have uncovered a set of basic 

principles that govern the development of cancer. We now know that the 

cells in a tumor descend from a corVimon ancestral cell that at one point -

usually decades before a tumor becomes palpable - initiated a program of 

inappropriate reproduction. Further the malignant transformation of a cell 

comes about through the accumulation of mutations in specific classes of the 

genes within it. These genes provide the key to understanding the processes 

at the root of human cancer. Two classes of gene, which together constitute 

only a small proportion of the full genetic set, play major roles in triggering 



cancer. In their normal configuration, they choreograph the life cycle of the 

cell - the intricate sequence of events by which a cell enlarges and divides. 

Proto-oncogenes encourage such growth, whereas. Tumor suppressor 

genes inhibit it. Collectively these two gene classes account for much of the 

uncontrolled cell proliferation seen in human cancers (Weinberg1996). 

The history of chemotherapy is rather unusual. Although some 

Egyptian writings from around 1600 B.C. described the use of crude drugs to 

treat ulcerating skin tumors, and the first documented case of cancer 

chemotherapy dates back to 1865 (Lissauer 1865), modern cancer 

chemotherapy is only about five decades old. Sulfur mustard, a toxic 

chemical was developed during World War I for used by the army in the 

battlefield. It caused burns in the eyes, on the skin and in the respiratory tract 

of the soldiers exposed to it and incapacitated them. As early as 1931, 

attempts were made at using sulfur mustard for treating squamous 

carcinomas in humans, but it was too toxic for systemic use (Adiar and Bagg 

1931) It was several years before Gilman and colleagues discovered that 

nitrogen mustard inhibited the growth lymphosarcoma in mice, and later 

initiated the first clinical trial of nitrogen mustard on patients with 

lymphosarcomas (Gilman and Philips 1946). It was not until after World War 

II that Oilman's work were published (Gilman and Philips 1946), marking the 

beginning of modern day cancer chemotherapy. A derivative of this 

compound, nitrogen mustard, was made later. It had anti-tumor properties. 

Its first trial on patients was done in 1942. Since then hundreds of thousands 

of chemicals have been synthesized and tested for anti-cancer action. 

There are two strategies for the development of new anti-tumor drugs. 

The first is to search for agents that exert cytotoxicity (Kanzawa e/a/1990, 

Kanzawa et al 1995), and second is to screen new agents for their 

effectiveness against tumor cells (Kanzawa 1981, Horichi e/a/1990, Ohmori 

e/" a/1990). The type of chemicals tested seems to come from every possible 

source. Most are synthesized in laboratories. In addition, natural products 

isolated from plants and animals, antibodies made by organisms from 



different habitats and products mentioned in various indigenous systems of 

medicine undergo rigorous testing. Only a handful of them make it to the final 

stage of treating patients. Thus, finding a new effective anti-cancer drug is an 

extremely expensive task. 

The effect of a new compound is first tested on mouse tumors. If it 

kills these tumors cells, it has then to undergo tests for toxic effects on 

different systems. In this process it is often necessary to change the 

structure of the original molecule so that it can kill cancer cells but not have 

undesired effect on the rest of the body. The entire process may take a very 

long time, up to ten years from the first tests in mice to the time the drug 

comes, for what is called, phase one trial. 

Certain advantages in the chemotherapy of infectious diseases 

(bacterial, fungal or parasitic) do not exist to aid in the treatment of cancer. 

Most important, the concept of selective toxicity is usually not operative. The 

often-significant biochemical differences between the cells of the host and 

the invading organism simply do not exist between the cancerous cells and 

normal cells of the same tissue. The great majority of anticancer drugs bring 

about a general nonselective interference in cellular processes and cell 

growth. In fact, many of these cytotoxic agents are almost equally 

detrimental to normal and neoplastic tissues. Therefore it is not surprising 

that these drugs produce serious and often debilitating side effects. The 

usually high doses of these cytotoxic agents that are needed to arrest tumor 

growth or to obtain a temporary remission of symptoms will also depress 

bone marrow function; causing drastic reductions in the number of platelets, 

leukocytes and lymphocytes, which in turn lead to greater susceptibility to 

infection and internal bleeding. One of the basic tenets of cancer 

chemotherapy is that all neoplastic cells be eradicated, if a cure is to be 

achieved. Whether the modality used is surgery, radiation or chemotherapy, 

or most often a combination of these, total cell kill is the objective of 

treatment (Gringauz, 1997). 



Many organotin compounds have been tested by the United States' 

National Cancer Institute. Surprisingly and interestingly enough, the 

percentage of active compound against P-388 lymphocytic leukemia in mice 

was indeed very high, up to almost 50% for those complexes, which contain 

diorganotin - dihalides (Gielen 1986). During the period 1973-1977, the 

Institute for Organic Chemistry TNO, Utrecht, The Netherlands carried out a 

wide variety of tests on organotin compounds including anti-tumor activity, 

some 115 complexes were found to exhibit reproducible activity against P-

388 lymphocytic leukemia in mice. The screenings results indicate that 

diethyltin dihaiide adducts tend to show the highest activity (Crowe1987). 

A consideration of the screening results for a series of complexes (where 

R=Cn, n=1-6, X=CI, Br, I) reveals that many more dibromo-complexes are 

active than dichloro- or diiodo- compounds, whilst for R the diethyl- and / or 

diphenyl- tin complexes usually possess the highest activity. However, no 

real link between the acceptor strength of the parent organotin halide and 

activity can be discerned (Crowe 1984). The majority of the ligands used 

were bidentate to ensure that the resulting octahedral complex possessed 

cis-halogens, which has been shown in the case of platinum compounds, to 

be an essential requirement for activity (Cleare 1974). 

Another study of metallocene dichloride (VI) has shown that the anti­

tumor activity of such compounds, as well as that of cisplatin, may be 

dependent upon the CI-M-CI bond angle and hence the corresponding non 

bonding CI—CI distance (bite). Only those compounds for which the CI-M-CI 

angle is <95°, giving a bite size of <3.6A° are active (Kopf e/a/1983). But 

the X-ray structural parameters of some of the diorganotin dihaiide 

complexes show that the CI-M-CI bond angles of both active and inactive 

compounds are all of the same magnitude. This suggested that the mode of 

action for the formation of metal-base cross-links for the organotin depends 

more on the Sn-N bond lengths rather than the CI-M-CI bond angle (Crowe 

1984) The structure / activity relationship for diorganotin-dihalide complexes 

is that the Sn-N bond lengths appear to determine the anti-tumor activity 



(Crowe 1984). The more stable complexes exhibit lower activity. Those with 

an average Sn-N bond length larger than 2.39A° are active, whereas those 

with bond length lesser than 2.39A° are inactive. This implies that a 

predissoclation of the (bidentate) nitrogenous ligand might be a crucial step 

in the formation of tin-DNA complex (Gielen 1986). 

The mode of action of cisplatin and its analogues in their anti-tumor 

activity appears to be fairly well established; the X-ray structure clearly 

shows that cisplatin cross-links the DNA and that the binding sites are the N-

7 nitrogen atom on two adjacent guanine rings of the same chain. 

Furthermore, to accommodate the platinum atom in this structure, the 

guanine molecules must be tilted away from the DNA helix, and so interfering 

with replication. Since, the tin complexes were structurally similar to those of 

platinum; it was expected that their mode of action would also be similar 

(Crowe ef a/1984). 

Based on these facts we thought it worthy to undertake this 

investigation on the Genotoxic effect as well as its anti-tumor potentiality of 

a new organotin compound Et2SnCl2.L {L=N-[p-(2-pyridylmethylene) 

methylbenzenamine]} in mammalian system. The advantage of this new 

complex is that it has Sn-N bond lengths of Sn-N (1) = 2.45A° and Sn-N (2) = 

2.56A° which is higher than 2.39A°. Another advantage is that this new 

organotin compound is a diethyltin dihalide adduct. It is therefore believed to 

be quite unstable and in turn facilitates the formation of a tin-DNA complex. 

Formula: 

Ci7H22N2Cl2Sn; 

Et2SnCl2.L {L=N-[p-(2-pyridylmethylene) methylbenzenamine ]} 

Properties: 

Mol. wt. 444.0; Pale yellow in color. Soluble in ethanol (<2%). Hereafter 

called OTC 



From the background, it is expected this new organotin compound can form 

better organotin-DNA complex. Therefore the objective of this project is to 

investigate: 

Objective: 

1. Genotoxic potentiality of Et2SnCl2.L {L=N-[p-(2-pyridylmethylene) 

methylbenzenamine ]} in both in vivo and in vitro systems . 

2. Establish a relationship between genotoxic effects and the 

endogenous GSH levels. Since the outcome of the sample exposure 

to organotin compound is determined by the detoxification status, the 

level of glutathione-S-transferase and glutathione will be estimated. 

3. Anti-tumor activity in the mammalian system. 

H 

C 
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Structure of OTC 
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Determination of Lethal dose 

Most anticancer drugs have a relatively poor therapeutic index. For 

this reason the majority of antiproliferative agents in current use are given at 

very close to the maximum tolerated dose (MTD). This precludes the use of 

healthy volunteers that makes such studies potentially hazardous. It has 

been the standard practice to establish the MTD in rodents and extrapolates 

to man using some form of stepwise escalation to reach a maximum tolerant 

dose (Phase I), which can be applied in tumor-specific studies of anti-tumor 

activity (Phase II). 

A number of different schemes have been used for determination of a 

safe starting dose based on animal toxicology. The NCI, US reviewed the 

data from mice and dogs and concluded that one-tenth the LD10 (Lethal 

doseio - This is the dose of drug which will kill 10% of the exposed animals 

within 30 days) in mice is a safe starting dose provided this is tolerated in 

dogs in Phase 1 clinical trial (Judson 1995). 

In this study, a few preliminary experiments were carried out so as to 

determine an appropriate dose for use in all further studies. Some 

experiments were also carried out with buthionine sulfoximine (BSO; 

Glutathione depleting agent). (The importance of BSO will be discussed in 

the following chapter). 

Table 1. To determine the LD10/30 for a colony of mice exposed to OTC. 

Dose No. of animals exposed No. of dead animals(%) 

0 
0 
3(15) 
8(40) 

10(50) 
13(65) 

0 
5 
15 
30 
BSO+15 
BSO+30 

10 
20 
20 
20 
20 
20 



Therefore, in all further experiments, 15mg kg"̂  was used, as it appears to be 

close to the LD10/30. Although, in some experiments 30 mg kg"̂  was also 

used. 
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Literature Review 

Glutathione (GSH), a tripeptide non-protein thiol present virtually in all 

animal cells, is synthesized within many cells from its constituent amino 

acids - cysteine, glutamate and glycine. Linked together in this form, these 

amino acids provide the cell with an essential compound that performs a 

variety of critical functions as part of the body's natural defense system. GSH 

is present in millimolar concentrations and 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). GSH plays 

a role in the detoxification and repair of cell injury induced by a wide range of 

toxic agents, which include cytotoxic drugs, radiation and hyperthermia 

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

anti-free radical enzymes, glutathione peroxidase and glutathione reductase. 

Hence, it protects the cells against damage from free radical. The 

reactivation of these anti-oxidants requires adequate amount of reduced 

glutathione. 

GSH is probably the most important cellular anti-oxidant. Interestingly, 

Fahey and Sundquist (1991) found strong evidence for an evolutionary link 

between glutathione and aerobic eukaryotic metabolism; these findings 

indicate that glutathione evolved as a molecule that protects cells against 

oxygen toxicity. Cells that are deprived of glutathione typically suffer severe 

oxidative damage associated with mitochondrial degeneration. Metabolic 

utilization of glutathione follows several pathways including reactions 

catalyzed by glutathione-S-transferase (mercapturate pathway) (Meister 

1994). The evolution of glutathione and many glutathione-dependent 

enzymes has been driven by the need to survive toxic insults. Molecular and 

genetics studies unequivocally prove their role across all phylogeny. This 

includes their ability to protect against the toxic effects of chemicals in 

mammals and man. The relative level of these enzymes in normal and tumor 

10 



cells and the ability to manipulate their functions in a tumor-specific manner 

provides exciting opportunities for chemotherapy (McLellan e/a/1999). 

Glutathione is also synthesized by tumors, some of which (notably 

drug- and radiation - resistant tumors) exhibit high cellular levels of 

glutathione and high capacity for its synthesis. Such tumors have a greater 

requirement for glutathione than do many normal tissues and thus show 

resistance against radio- and chemotherapy (Meister e/a/1983; Dethmers et 

a/1981). 

Experimental production of glutathione deficiency has been attempted 

by administration of compounds that react with glutathione. Thus far, the 

most useful approach to the production of glutathione deficiency has been 

treatment with specific inhibitors y-glutamylcysteine synthetase, the enzyme 

that catalyzed the first and rate-limiting step of glutathione synthesis. One of 

the inhibitor designed was buthionine sulfoximine (BSO), which inhibits y-

glutamylcysteine synthetase very effectively without any side effects (Meister 

1994). Glutathione deficiency sensitizes cells to the effect of radiation, 

oxidative reactions and to various toxic compounds. These effects have been 

applied in chemotherapy and radiation systems (Meister 1991). Glutathione 

deficiency also leads to oxidative stress in many tissues. Mitochondrial and 

associated cell damage is found in mice treated with BSO. Mitochondria do 

not synthesize glutathione but obtain it by transport from the cytosol. Several 

tissues of adult mice are affected by administration of BSO and in young 

mice more extensive damage is found and there is early mortality due to 

multi-organ failure (Martensson e/a/1991). Treatment of peripheral blood 

mononuclear cells with BSO was found to markedly inhibit their proliferation 

(Meister 1991), and later work has confirmed that glutathione deficiency 

decreases lectin-induced proliferation of lymphocytes (Suthanthiran et al 

1990). Although glutathione is required for proliferation, the mechanism of its 

function in this system is still unsettled (Mazia 1961; Holmgren 1979). 

After the development of amino acid sulfoximine inhibitors of y-

glutamylcysteine synthetase, it was suggested that treatment with these 

/ / 



agents might make tumor cells more sensitive to chemotherapy and to 

radiation therapy (Meister 1979). The potential usefulness of BSO in the 

sensitization of cells to radiation was first directly shown in studies on several 

human lymphoid cell lines (Meister 1983). It was found that treatment of 

resistant leukemias with BSO led to sensitization of tumors to phenylalanine 

mustard (Suzukake 1983). In studies with mice bearing such resistant 

tumors, intraperitoneal infusion of BSO led to sensitization of the tumors and 

to increase life span of treated animals. These important observations open 

a way for the clinical trial of BSO, which is now in progress (Ozols e/a/1988; 

Hamilton et al 1990). Depletion of glutathione by treatment with BSO 

sensitizes cells to the toxic effect of heavy metals (Singhal et al 1987), 

Cisplatin (Anderson 1990), Cyclophosphamide (Ishikawa et al 1990), 

radiation (Chattopadhyay e/a/1999), mitomycin C (Dev-Giri and Chatterjee 

1998), but with regard to radiomimitic drug bleomycin the presence of BSO 

reduced the BLM-induced DNA-damage (Chattopadhyay et al 1997). 

Treatment of BSO produces a rapid decrease in the GSH levels of various 

tissues (Griffith and Meister 1979). Following a single dose of 556mg kg"̂  

BSO, the GSH content of various normal tissues were depleted in a time-

dependent manner. Kidney and liver showed the most rapid depletion, 

intermediate rate of depletion were seen in the lungs and bone marrow of 

mice with a nadir at 8-12 hours in the later (Lee et al 1987). The recovery 

rates of GSH in the various tissues following a single dose of BSO also 

differed considerably. Recovery, to the pretreatment values, was most rapid 

for the liver with 16 hours and comparatively slow in bone marrow with 72 

hours. Furthermore, a pronounced" 'overshoot' in GSH levels occurred during 

recovery in various tissues particularly the liver and kidneys (Lee e/a/1987). 

Earlier studies have also shown that 10 hours of 200 mg kg'^ BSO treatment 

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

the control value (Chattopadhyay e/a/1999). 

The effectiveness of many clinically useful anticancer drugs can be 

severely limited by the development of drug resistance. These include 

12 



alteration of drug uptake or drug efflux from the cell, changes in drug-

metabolizing enzymes, and changes in target enzymes or DNA repair 

enzymes (Mattern e/a/1993). An increased conjugation with glutathione has 

been proposed as a major mechanism in development of drug resistance 

towards alkylating agents. This has been attributed to the ability of GSH to 

compete with DNA for drug binding {Waxman 1993; Tsuchida 1992). 

Elevated cellular GSH content has been reported as a mechanism of 

cisplatin resistance (Andrew 1986; Meijer 1992). Various studies have 

indicated that glutathione conjugate reactions may be involved in the 

detoxification of cisplatin. It was also demonstrated that GS-Pt inhibited 

protein synthesis and could contribute to the toxicity of cisplatin. Of interest, 

they also provided direct evidence for the ATP-dependent transport of GS-Pt 

across plasma membrane of LI210 cells. Thus, the elimination of the GS-Pt 

conjugate from tumor cells may also be an important mechanism that 

reduces the intracellular platinum accumulation. Richon (1987) had 

suggested that both decreased cellular level of the drug and increased 

cellular GSH level are important in the development of resistance to cisplatin. 

To assess the contribution of glutathione in this investigation, we felt 

that it is necessary to determine the level of glutathione in both normal as 

well as the tumor systems. 

Glutathione-S-Transferases (GSTs) belongs to a family of enzymes 

that catalyze the conjugation of glutathione to a wide variety of chemical 

toxins (Hayes 1999) and reactive electrophiles (Meister 1988; Moscow 

1989). Blockage of the GSH / GST detoxification system enhances the 

chemosensitivity of several tumors and tumor cell lines. (Armstrong et al 

1992; Nakanishi etan997) GSTs are often over expressed in drug-resistant 

cell lines. There has been little recent progress in clearly establishing the role 

of these enzymes in the detoxification of currently used anti cancer drugs, 

although there is some evidence that their polymorphic expression may be a 

factor in the outcome of chemotherapy. There are several reports of 

accelerated GSH anti-cancer drug conjugation mediated by the GST (Dirven 

13 



et al 1994; Hayes et al 1995; Cnubben et al 1998). An increased 

concentration of GSTs is linked to an enhanced detoxification of alkylating 

agents and therefore, to the development of drug resistance. For several 

alkylating agents, like melphalan, chlorambucil, and others, the role of GSTs 

in the formation of glutathione conjugates has been demonstrated. (Ciaccio 

et al 1991; Meyer et al 1992; Bolton et al 1991; Dirven et al 1994.) A 

concentration of 30 - 240 |iM GSTs has been reported in tumors or tumor 

cell lines (Peters 1994; van der Zee 1992). The GSH conjugation reaction by 

GSTs is a mechanism by which anticancer drugs can be inactivated 

intracellulariy. Many anticancer drugs were designed to bind target protein or 

DNA and their conjugation by GSH may interfere with this binding. As there 

is a high concentration of GSH in most mammalian cells (Meister and 

Anderson 1983) the competition of GSH with target protein / DNA for drug 

binding is very significant. 

Exposure of mammalian cells to a variety of chemical agents results in 

increased levels of xenobiotic-metabolizing enzymes, GSTs glucuronosyl 

transferases, and NAD(P)H: quinone reductase. These enzymes function as 

intracellular detoxification systems of mutagens, carcinogens, and other toxic 

compounds (Prochaska e/a/1985; Taialay et aM987) and, by decreasing 

the levels of compounds capable of generating reactive oxygen species; they 

are part of the enzymatic antioxidant defense against oxidative stress (Sies 

1991). However, from an analysis of the chemical structures of many 

compounds, which are GSTs substrates, the electrophilic nature of their 

cytotoxic moieties is noted to be a common characteristic. These drugs can 

interact with thiols of reduced GSH", forming a thioether, which is less toxic, 

and water-soluble (Colvin et al 1993). GSTs catalyzed the nucleophilic 

addition of GSH to electrophilic centres of a wide variety of compounds. This 

reaction is the first step in the formation of mercapturic acids, a pathway 

mostly resulting in the elimination of potentially toxic compounds (Boyer 

1985; Mannervik 1985). GSTs are also involved in the metabolism of several 

types of anti-cancer drugs and are over expressed in many human refractory 

14 



tumors (Tsuchida 1992). In cell lines resistant to anti-cancer drugs as 

diverse as alkylating agents, cisplatin etc. increased GSTs and GSH 

concentrations have been implicated as resistance mechanisms (Tsuchida 

1992). High GSH and / or GST levels in tumors may therefore be a barrier to 

an effective treatment with chemotherapeutics. 

The intracellular glutathione conjugates maybe harmful to the cells, as 

some glutathione conjugates have been found to inhibit GST and glutathione 

reductase (GR) activity, inhibition of GR may alter the ratio of GSH / 

glutathione disulfide (GSSG); this will in-turn affect the glutathione-mediated 

detoxification system (Commandeur 1975). Therefore, the glutathione 

conjugates must efficiently be disposed from the cells. ATP-dependent 

transport of glutathione-S-conjugates export pump (GS-X pump) is the most 

important transporter of glutathione conjugates (Ishikawa 1992). 

As mentioned earlier, glutathione-S-transferases catalyze the 

conjugation of glutathione to a wide variety of chemical toxins (Hayes 1999). 

Therefore, it would be logical and interesting to determine the rate of activity 

of the enzyme in both normal and tumor systems, after treatment with OTC, 

besides determining the level of GSH itself. 

IS 



Materials and Methods 

Measurement of Total Glutathione 

In this study GSH was estimated in normal as well as Dalton's lymphoma 

cells. 

In normal cells, mouse bone marrow cells and human peripheral blood 

lymphocytes were used. 

The method of Akerboom and Seis (1981) was followed. 

Materials: 

A. Mouse bone marrow cells (BMCs) 

Inbred Swiss albino mice of 6-8 weeks, weighing about 20 - 25gms mostly 

males were used for all in vivo experiments (2n=40, all acrocentric). Mice 

were maintained in communal cages, 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. The 

bone marrow cells from the femur were isolated just before used. 

B. Human peripheral blood lymphocytes (HPBLs) 

For in vitro experiments human peripheral blood lymphocytes (HPBLs) were 

used. Blood was collected from healthy young donors (age 23 - 35), mostly 

males. For GSH measurement first of all, lymphocytes have to be separated 

out from heparinized whole blood on a ficoll-hypaque (FH) density gradient 

by the method of Boyum (1968). 

C. Dalton's Lymphoma Cells. (DL cells) 

The tumor Dalton's lymphoma was originated in the thymus gland of a DBA/2 

mouse at the National Cancer Institute, Bethesda, US in 1947. 
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Subsequently, an ascites form was developed by repeated intraperitoneal 

transplantation of tumor (Chakrabarti 1984) 

Dalton's lymphoma cells was transplanted into the peritoneal cavity of inbred 

Swiss albino mice, and the tumor cells were taken out 6-7 days after 

transplantation with the help of a syringe and a 26 gauge needle and used 

immediately for GSH estimation. 

Principle: 

The recycling assay or kinetic assay utilizes the continuous glutathione 

reductase (GR) catalyzes reduction of the sulphydryl reagent 5,5' DTNB 

(Ellman's reagent) to the chromophoric product 5-thio-2-nitro benzoic acid 

(TNB) and glutathione disulfide (GSSG). GSSG is reduced to GSH by the 

action of GR and nicotinamide adenine dinucleotide phosphate reduced 

sodium salt (NADPH). 

The chromophore is monitored spectrophotomethcally at 412nm and is 

proportional to the sum of GSH and GSSG present. 

2GSH + DTNB -> GSSG + TNB 

GSSG + NADPH + H' - ^GR^ 2GSH + NADP' 

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

concentration. This procedure is highly specific as it utilizes enzymatically-

catalyzed conversion of GSSG to GSH. 

Reagents: 

EtaSnCb.L {L=N-[p-(2-pyridylmethylene) methylbenzenamine]} (OTC) 

This is synthetic compound synthesized at the Chemistry laboratory, RSIC, 

NEHU, Shillong. A typical procedure for synthesis is followed. Briefly a stirred 

solution of aniline in dichloromethane was treated with a solution of Et2SnCl2 

in dichloromethane. The stirring was continued and the resulting suspension 

was treated with a solution of N-(2-pyridylmethylene) methylbenzenamine. A 
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microcrystalline solid obtained was filtered, washed with petroleum ether, 

recrystallized from the same solvent and dried in vacuo (Basu Baul et al 

1998). 

A working solution of 1mg ml"̂  was freshly prepared in 2% ethanol. For the 

different doses, {in vivo system) the desired concentration was directly 

injected intraperitoneally in mice from the working solution. For in vitro 

system, a working solution of lOjig ml'̂  was prepared just before used and 

different doses were added to the blood. 

DL-Buthionine-(S,R)-Sulfoximine(BSO,Sigma,USA). 

This is a potent inhibitor of the enzyme y-glutamyl cysteine synthetase of 

GSH synthesis pathway. .BSO was freshly prepared in double distilled water. 

For in vivo experiments BSO was injected intraperitoneally. For in vitro, BSO 

was added directly to freshly collected heparinized blood. 

Ficoll-hypaque (Sigma, USA). 

5 - Sulfosalicyclic acid (5-SSA) (Merck India LTD), 

dehydrate 10% and 20% 

EDTA - Phosphate buffer 0.1M pH 7. 

Potassium dihydrogen 0.1M (solution A) 

Dipotassium hydrogen 0.1 M (solution B) 

39 ml of solution A was mixed with 61 ml of Solution B and pH adjusted to 7. 

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

5,5' Dithio-bis-2-nitrobenzoic acid (DTNB; Roche Molecular Biochemicals, 

Germany), 

I.Smg ml"̂  DTNB was dissolved in 0.5% freshly prepared NaHCOa-
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Nicotinamide Adenine Dinucleotide phosphate tetra sodium salt (NADPH; 

Roche Molecular Biochemicals, Germany). 

4.0 mg ml'̂  NADPH was dissolved in 0.5% freshly prepared NaHCOa-

Glutathione reductase (GR; Roche Molecular Biochemicals, Germany). 

6 units ml'̂  was made in 0.1 M phosphate buffer, just before used and kept in 

ice. Freezing was avoided as it leads to denaturation and loss of enzyme 

activity. 

Treatment: 

BSQ 

BSD (50mg kg" )̂ was injected intraperitoneally 4 and 24 hours before 

estimation of GSH from DL cells and BMCs in vivo. 

For in vitro system, BSO was administered at a dose of 5mM in the blood at 

least 3 hours before estimation. 

arc 
15 mg kg"̂  of OTC was used for in vivo studies; Estimation was carried out 4 

and 24 hours after treatment, in vitro, 3|j,g ml"̂  of OTC was used and 

estimation was done after 3 hours. 

Sample processing: 

1. 50 |.il of undiluted sample ( 6MCS/ HPBLS/ DL cells) suspension was 

transferred into a micro centrifuge tube containing 150 [il of 10 mM 

HCI. 

Acid treatment reduces oxidation of GSH to GSSG and to mixed 

disulfides also inactivates y- glutamyl transpeptidase, which catalyzes 

the following reactions that decrease the levels of both GSH and 

GSSG. 
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GSH + aa <::> y Glu - aa + CySH- Gly (Transpeptidation) 

GSH + H2O -> Glu + CySH- Gly (Hydrolysis) 

GSH + GSH c^ yGlu-GSH + CySH- Gly (Autotranspeptidation ) 

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

at 10°C and at room temperature for 10 minutes respectively and 

centrifuged in a microfuge at 10,000 rpm for 5 min. 

3. The supernatant was deproteinised using lOOjal of ice-cold 10% 5-

SSA with intermittent shaking. 

4. The tubes were kept in ice for 10-15 min and the acid precipitable 

proteins were removed by centrifuging atl 0,000 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: GSSG ratios 

and also these acids interfere with subsequent enzymatic reactions. 

20 



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. 

Method: 

1. To 1 ml of 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 412nm 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 412nM. 

Standard curve was prepared from a.stock solution of 10mM GSH (30.7mg 

10ml"̂  in 5% 5 - SSA diluted to 1-10 î mol GSH m\'\ A sample blank lacking 

GSH was used to determine the background rate. 

The values were reported in GSH equivalents as |imol / 1x10^ cells in all 

cases. 
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Determination of Glutathione -S - Transferase Activity 

In this study also the materials and sample processing methods and 

treatment were same as that of Glutathione estimation describe earlier. The 

method of Habig et al (1974) was followed. 

Principle: 

Glutathione - S - transferase (GSTs) was assayed by measuring the rate of 

enzyme-catalyzed conjugation of reduced glutathione with 1-chloro-2,4-

dinitrobenzene at a final concentration of 1mmol/l GSH, 1mmol/l CDNB and 

100 mmol/l potassium phosphate buffer at pH 6.5. A unit of the enzyme 

activity was defined as the amount of enzyme that catalyses the formation of 

1 {imol of S-2, 4, dinitrophenyl glutathione per minute using Immol GSH and 

CDNB. 

The method estimates all the isoforms of GST (i.e.a, \\., n, s and 9) using 

CDNB as a general substrate, which is conjugated to GSH. The reaction 

depends upon a direct change in the absorbance of the substrate at 340 nm 

when it is conjugated with GSH. Since the reaction was catalyzed at a finite 

rate in the absence of the enzyme, care was taken to keep the substrate 

concentration constant. This reduces the non-enzymatic catalysis. For the 

substrate, the change in absorbance was a linear function of enzyme 

concentration and of time for at least 3 minutes. 

Reagents: 

1. Phosphate buffer 0.1M pH 6.5 

Potassium dihydrogen 0.1M (solution A) 

Dipotassium hydrogen 0.1M (solution B) 

68ml of solution A was mixed with 32ml of solution B and the pH 

adjusted to 6.5 
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2. 30mM 1-chloro-2, 4-dinitrobenzene (CDNB; SRL, India) 

6.08mg of CDNB were dissolved in Iml of 95% ethanol. (CDNB is not 

soluble in water). 

3. SOmM reduced glutathione (GSH; Sigma, USA) 9.21 mg of GSH were 

dissolved in 1 ml ddw. 

(Reagents 2 and 3 were prepared fresh) 

Sample Processing: 

The materials were processed in a similar way described earlier in the GSH 

estimation section. 

Method : 

The following solution was taken in a glass cuvette in the given proportion. 

1 ml phosphate buffer 

0.1 ml CDNB 

0.1 ml of the sample (enzyme source) 

The volume is adjusted to 2.9 ml with distilled water, and the reaction mixture 

is preincubated in the Beckman DU - 640 Spectrophotometer at 37°C for 5 

minutes. 

The reaction is initiated by adding 0.1 ml 30mM GSH. The absorbency Is 

taken at 340 nm for 5 minutes. Reaction mixture without the enzyme is used 

as the blank. 
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Calculation - \in\o\ of CDNB-GSH conjugate formed/min/mg proteins 

ODx3x1000 

9.6 X 5 X protein in mg 

9.6 is the difference in the millimolar extinction co-efficient between CDNB-

GSH conjugate and CDNB. 

Protein Estimation 

Principle: 

Folin-Ciocalteau reaction is based on the color production by two reactions: 

Lowry's method for protein estimation is followed. 

Biuret reaction of proteins where -CO-NH- group present in the proteins 

chelates copper ions in alkaline solution and reduction of the 

phosphomolybdic-phosphotungstic acid reagent to molybdenum by the 

tyrosine and tryptophan residues presents in the proteins. 

Reagents: 

1. Alkaline copper sulfates (CUSO4) solution. (Merck India LTD). 

(i) 1%CuS04 solution 

(ii) 2% Sodium - potassium tartarate (Na-K tartarate). 

(iii) 2% Sodium Carbonate (Na2Co3) solution in 0.1 N 

NaOH. 

The solution was prepared just before use by mixing solution solutions (i), (ii) 

and (iii) in the proportion (1:1:100) 

2. IN Folin-Ciocalteau phenol reagent (SRL Pvt. Ltd. India) 

The commercially available 2N Folin Ciocalteau 
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phenol reagent was diluted in double distilled water (1:1) 

3. Bovine serum albumin (BSA; Sigma, USA) A standard curve was 

prepared using BSA in the range 5 - 75|ig ml'V 

Method: 

3 ml of alkaline CUSO4 solution was taken in a test tube. 100 ^1 of the diluted 

sample was added to it and the tubes were kept at room temperature for 10 

minutes. 

Then 300|il of Folin-Ciocalteau phenol reagent was added to the tubes and 

incubated in the dark for 30 minutes. 

The optical density was measured at 750nm in a Beckman DU - 640 

Spectrophotometer against a reagent blank containing all the solutions 

except the sample. 

Protein content of the sample was calculated from the standard curve 

prepared using BSA as a standard. 

Student's t-test was performed in order to see the significance of the 

difference between the observed values of all the treated and untreated 

samples. 
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Results 

The data of endogenous GSH level and GST activity in all treated and 

untreated samples are presented in tabular form. 

Total Glutathione level 

In mouse bone marrow cells, the glutathione content at normal condition was 

4.67 |imol/1X10^ cells, which drops to 2.88 îmol/1X10® cells after 24 hours 

of BSO treatment. The drop in GSH level is about 42%. An interesting 

observation made, was that the level of GSH increased notably 4 hours after 

OTC administration raising the level to 10.78 ^imol/1X10^ cells. There is an 

overall increase of about 55% in GSH level (Table 1.1). 

A similar trend was also observed in human peripheral blood lymphocytes in 

vitro. The level of GSH dropped by 85% after 3 hours BSO treatment, from 

5.60 nmol/IXIO® cells to 0.84 nmol/1X10^ cells. The level of GSH increased 

considerably after single OTC administration. An increase of 23% from 5.60 

to 6,88 nmol/1X10^ cells was observed (Table1.2). 

In DL cells the rate of depletion was more after 4 h than 24h of BSO 

treatment. The depletion of GSH was 75% after 4h and 47% after 24h. 4h of 

OTC treatment elevates the GSH level by 79% compared to the untreated 

animals (Table1.3). 

Glutathione -S- transferase activity 

The rate of activity of the enzyme glutathione-S-transferase (GSTs) is 

another aspect of the work carried out in this study. When exposed to toxic 

insults, in this case the drug OTC, the rate of the enzyme activity increased 

notably in both normal and tumor systems. In mouse bone marrow cells, the 

rate of activity of the enzyme was 21.55 |imol/min/mg proteins in untreated 

conditions and the activity was raised up to 40.33 i^mol/min/mg proteins and 
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25.14 |.imol/min/mg protein after 4 hours and 24 hours treatment respectively 

(Table 1.4). 

In human peripheral blood lymphocytes, the rate of GST activity went up to 

26.70 |imol/min/mg proteins from 16.19 |amol/min/mg proteins after 3 hours 

of the drug treatment (Table 1.5). 

Similar observations were also made in case of DL cells. The rate of GST 

activity in untreated conditions was 27.86 |imol/min/mg protein which up to 

50.44 iimol/min/mg protein, after 3 hours of the drug administration. There 

was no increase of activity of the enzyme after 24 hours treatment, where the 

enzyme activity is as good as that of the control, i.e. 25.53 |.imol/min/mg 

proteins (Table 1.6). 
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Discussion 

Glutathione and glutathione-dependent enzymes have been known to 

be of central importance in the detoxification of peroxides, hydroperoxides, 

xenobiotics and drugs (Chasseaud 1979). Reduced glutathione levels in the 

tumoral tissues were found to be higher than those in the normal tissues 

(Meister 1988). GSH contents have been found to be elevated in cancer 

tissue and cell lines (Murray 1987, Mickisch 1991, Blair 1997). Present data 

shows that the level of GSH was higher in DL cells than in BMCs. Increased 

tumoral tissue GSH levels may be a consequence of the increased 

detoxification activity in the tumor cells. Tumoral GSH levels reported in the 

literature show considerable differences, probably due to the heterogeneous 

tissue structure, the storage conditions of the samples or the methods used 

in analysis (Meister 1988; Taniguchi e/a/1989). At this point, it should be 

stressed that the samples used in our study were always freshly taken from 

the animals. 

In mouse BMCs, 42% depletion was observed after 24h of BSO 

treatment. It has been reported that following a single dose of 556 mg kg"̂  

BSO treatment, the GSH concentration in various tissues were depleted in a 

time dependent manner. Intermediate rate of depletion was seen in bone 

marrow cells with a nadir at 8-12h (Lee et al 1987). The observed GSH 

content of BMCs following depletion was 17% of the initial level. Therefore 

the incubation period for BSO-treatment was kept at lOh in the present 

study. However in an earlier study, 54% of endogenous GSH-depletion was 

achieved after lOh of BSO-treatmfent at 200mg kg'^ (Chattopadhyay 1999). 

Thus, in the present study we did not perform the endogenous GSH level 

measured after 10h of BSO-treatment. 

In case of in vitro study the freshly drawn blood was incubated with 

BSO for 3h before addition of OTC for another 2 more hours. It has been 

observed that in cultured cells >75% depletion of GSH was achieved within 

4-5h by 500^M - lOmM of BSO (Shrieve e/^/1985; Edgren eta/1987). In 
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this study, the concentration of BSO used was 5mM since significant 

sensitization by BSO was observed at this concentration with respect to 

radiation- and bleomycin induced chromosomal aberrations (Chattopadhyay 

1998; Chattopadhyay 1997). 

For DL cells, since they are growing aseptically in the mouse 

peritoneal cavity, 50mg kg"̂  of BSO was used and after incubation for 4 and 

24h, 75% and 47% depletion of endogenous GSH-level was achieved 

respectively. In this study an interesting observation was made regarding the 

elevation of endogenous GSH level in all the samples following OTC-treated 

alone. Exposure of human ovarian cancer cell lines to cisplatin induced a 

marked increase of GSH-synthesis associated with resistance to the 

treatment. (Godwin e/a/1992) and such increase was also reported in glial 

cells 24h after triethyltin and trimethyltin treatment (Cookson 1998). The 

observed increase in GSH level might be one of the mechanism(s) for 

detoxification, which may be responsible for drug resistance. 

The cisplatin inactivation through the formation of GSH-Pt conjugation 

was observed earlier (De Graeff e/a/1988) and if this is true then GSH-S-

transferase (GSTs) must be involved catalyzing the glutathione conjugate 

formation (Hall et al 1994; Bolton et al 1991). Therefore, it is worth 

measuring GSTs activity in the present study after observation of elevation of 

endogenous GSH level by OTC treatment. There is an increased of around 

45% of GSTs activity in all the systems. Recent findings show that GSTs 

have an important role in carcinogenicity and resistance to drugs, and is 

elevated in several tumors (Anttila et a/1995; Jensson e/a/1985; Niitsu etal 

1989). GSTs are enzymes that catalyzed the conjugation of cisplatin to GSH. 

The cisplatin - GSH complex has been proposed to be ejected from the cell 

in an ATP-dependent fashion by the glutathione S-conjugate (GS-X) export 

pump (Ishikawa and Ali-Osman 1993; Goto et al 1995). ATP-dependent 

transport systems, referred to as pumps, are proposed to be responsible for 

resistance to multiple drugs i.e. multidrug resistance (MDR) (Biedler 1992). 

GSTs are directly implicated in the protection of cells against many cytotoxic 
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and carcinogenic chemicals (Doroshow et al 1990; Raunio et al, 1995). 

Although there are evidences from studies of both cell-lines and clinical 

materials that increased expression of GSTs and raised level of GSH maybe 

associated with resistance to cytotoxic drugs, the relationship between 

response and expression in patients remain unclear (Ghazal-Aswad 1996). 

Conflicting data have been reported about the association of GSTs in 

detoxification of cytotoxic drugs in human ovarian /ry-i/Zfro models (Lewis etal 

1988; Mistry e/a/1991, Saburi e/a/1989; Batisy e/a/1986). Moreover, the 

relationship between GST expression / activity and resistance to cisplatin-

based treatment in primary ovarian cancer patients has yet to be clarified 

(Ferrandina 1997). The role of GSTs in predicting clinical outcome in ovarian 

cancer patients has been extensively investigated. Some authors even using 

different technique to assess both GST isoenzyme pattern and total GST 

activity (van der Zee 1995; Wrigley 1996) failed to find any relationship 

between GSTs avtivity and time of progression and overall survival 

(Ferrandina eta/1997), analyzed the clinical role of GST activity levels in a 

large series of primary untreated ovarian cancer patients who underwent 

surgery. Unexpectedly, high GST activity levels were demonstrated to be 

associated with better chance of response to chemotherapy and a more 

favorable clinical outcome. Codegoni (1997) also reported similar 

observation where high GSTTT mRNA levels in ovarian cancer biopsies are 

directly associated with a better survival. In this study, our observation is in 

agreement with the data reported by Ferrandina and Codegoni showing 

higher GST level / activity in tumor samples taken after treatment, and can 

directly be implicated to progression free and better survival rate of the 

animals. 

A tentative explanation of these findings is that high intra-cellular 

production of toxic oxygen metabolites reflecting some metabolic dysfunction 

of the tumor cells could also induced GST expression. In this context, high 

GST levels may simply reflect a situation of abnormal oxidative metabolism 

of tumor cells, which could become more vulnerable to the additional stress 
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of the drug treatment. GSTs are only part of a complex detoxification system, 

since multiple enzymes are involved in the redox cycling of glutathione 

(Larsson 1983) and therefore, insight into the kinetics of glutathione and 

glutathione-dependent enzymes could yield a more dynamic and reliable 

representation of the function of this system. Chemotherapy induced 

modification of GST levels / activity in samples taken before and after 

treatment might also provide useful information about the biology of the 

system (Ferrandina 1997). 

Of all the mechanisms implicated in preclinical studies GSH and its 

metabolism is the most commonly identified in resistance to cisplatin and 

carboplatin. GSH functions primarily through nucleoplilic thioether formation 

and peroxidation/reduction reactions. The exact mechanism by which GSH 

decreases the toxicity of cytotoxic drugs like cisplatin is not well established; 

but the following possibilities have been proposed (De Graeff et al 1988) 

alteration of platinum complex transport, drug inactivation through the 

formation of an inactive GSH-Pt, decreased binding of platinum to DNA and 

increased DNA-repair. More recently data have been published which 

indicate that cisplatin maybe extruded from cells as a glutathione conjugate, 

and that increased expressions of the GS-X pump maybe associated with 

drug resistance (Ishikawa and Ali-Osman 1993; Ishikawa e/a/1994). 

The data obtained in this section forms the base line on which the rest of this 

investigation depends. 
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Table 1.1. Level of Glutathione in mouse bone marrow cells after 
treatment with BSO (50 mg kg'̂ ) and OTC (15 mg kg'̂ ) 

Sample # 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

BSO 
treatment (h) 

Untreated 
) 1 

J J 

,, 
24 
1 1 

J J 

1 1 

-
-
-

OTC 
treatment(h) 

-
-
-
-
-

• -
-
4 
) 1 

J J 

> 1 

Total GSH 
nmol 10-̂  

05.70 
03.00 
04.80 
05.80 
02.90 
02.70 
03.00 
02.90 
09.80 
10.70 
10.60 
12.00 

Mean + SEM 
(increment %) 

04.7 ±0.64 

02.8* ±0.06 
(-42%) 

10.8''±0.45 
(55%) 

* p < 0.05; p < 0.01; Students' t - test compared to the control value. 

Table 1.2. Level of Glutathione in human peripheral blood lymphocytes after 
treatment with BSO (5mM ) and OTC (3ng ml"̂ ) 

Sample 

1. 
2. 
3. 
4. 
5 
6. 
7. 
8. 
9. 
10. 
11. 
12 
13. 

# BSO 
treatment(h) 

Untreated 
1 1 

)) 
,, 
3 
1 1 

,, 
,, 
-
-
-
-
-

OTC 
treatment(h) 

-
-
-
-
-
-
-
3 
,, 
,, 
1) 

,, 

•Total GSH 
Hmoi 10"® 

6.50 
3.70 
6.50 
5.60 
0.85 
0.78 
0.98 
0.79 
6.24 
5.00 
6.16 
8.72 
8.28 

Mean ± SEM 
(increment%) 

5.60 ±0.66 

0.84* ± 0.05 
(-85%) 

6.88* ±0.70 
(23%) 

p < 0.01; p < 0.05; Students' t - test compared to the control value. 
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Table 1.3. Level of Glutathione in Dalton's Lymphoma Cells transplanted in 

mice after treatment with BSO (50 mg kg'̂ ) and OTC (15 mg kg'̂ ) 

Sample 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 

# BSO 
treatment (h) 

Untreated 
11 

11 

11 

) t 

1) 

) > 
,, 
1 1 

)) 
) 1 

11 

24 
11 

J) 

„ 
,, 
,, 
,, 
4 
,, 
,, 
,, 
1 , 

-
-
-

-—» : 

OTC 
treatment(h) 

Untreated 

-
-
-
-
-
-
-
-
-
-
-
-
4 
,, 
)) 
11 

Total GSH 
Mmol 10"̂  

12.60 
08.60 
12.30 
13.20 
07.70 
06.50 
06.00 
07.30 
09.40 
06.60 
06.90 
05.80 
03.10 
03.00 
03.90 
07.10 
05.00 
05.20 
05.20 
01.50 
01.70 
03.00 
02.40 
02.10 
16.85 
16.92 
16.96 
10.85 

Mean ± SEM 
(increment%) 

08.6 ±0.77 

04.6* ±0.54 
(-47%) 

02.2** ±0.26 
(-75%) 

15.4*'±1.51 
(79%) 

* p < 0.01; p < 0.001; Students' t - test compared to the control value 
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Table 1.4. Glutathione-S-Transferase Activity in mouse bone marrow cells after 
treatment with OTC (15mgkg' j 

Sample* 

1. 
2 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 

OTC 
treatment(h) 

Untreated 
-
-
4 
-
-
-
-
-
-
-
-
24 
-
-

Protein level 
mg 10^ 

0.95 
0.80 
1.01 
0.78 
0.67 
0.64 
0.52 
1.05 
0.95 
0.81 
0.80 
1.03 
0.46 
0.38 
0.35 

cells 
GST- activity 

nmol GSH-CDNB 
min/mg protein. 

22.60 
20.50 
20.00 
38.64 
42.65 
37.07 
39.29 
34.36 
46.00 
38.88 
52.57 
33.49 
24.26 
25.57 
25.60 

Mean ± SEM 

21.55 ±0.79 

40.33* ±1.99 

25.14 ±0.44 

* p< 0.001 Students' t - test compared to the control value. 

Table 1.5. Glutathione-S-Transferase Activity in Human peripheral blood 
lymphocytes after treatment with OTC (3ng ml"̂ ) 

Sample # OTC 
treatment(h) 

Protein level 
mg 10^ cells 

GST- activity 
nmol GSH-CDNB 

min/mg protein. 

Mean ± SEM 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Untreated 
-
-
-
3 
-
-
~ 

0.88 
0.61 
0.60 
0.80 
0.73 
0.80 
0.85 
0.90 

19.46 
12.87 
17.68 
14.75 
28.28 
26.73 
25.41 
26.95 

16.19 ±1.47 

26.70* + 0.58 

*p < 0.01 Students' t - test compared to the control value. 
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Table 1.6. Glutathione-S-Transferase Activity in Dalton's Lymphoma 
cells after treatment with OTC (15mgkg"^). 

Sample # 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

OTC 
treatment(h) 

Untreated 
-
-
-
-
-
4 
-
-
-
-
-
-
-
24 
-
" 

Protein level 
mg 10^ cells 

1.80 
1.90 
1.70 
1.80 
2.00 
1.28 
1.10 
1.05 
0.82 
1.12 
1.27 
1.01 
0.97 
1.39 
0.55 
0.83 
0.63 

GST- activity 
^mol GSH-CDNB 

min/mg protein. 

25.07 
26.31 
26.70 
26.66 
30.90 
31.53 
37.83 
37.83 
48.23 
37.55 
57.00 
59.78 
64.05 
56.44 
26.80 
22.85 
26.93 

Mean ± SEM 

27.86 ±1.09 

50.44* ± 3.86 

25.53 ±1.33 

p< 0.001 Students' t - test compared to the control value. 
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Literature Review 

Most cytogenetic studies today involve the examination of metaphase 

chromosomes. The study of chromosome 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 / carcinogenic 

agent than does anaphase or telophase analysis. The early history of 

anticancer drugs development paralleled some of the earliest experiments in 

mutagenesis. Anticancer drug research has attempted to design direct DNA 

alkylators targeted to specific DNA sequences (Acromone e/a/1989). Many 

of these new drugs, are still likely to have mutagenic and / or carcinogenic 

potential. Conventional approaches to mutagenic testing, such as 

chromosomal aberration and sister chromatid exchanges are considered 

routine for alkylating chemicals or those which give recognizable structural 

alerts (Ashby and Paton 1993). It is therefore, important to assay the 

potential long-term consequences of human exposures. A full exploitation of 

these drugs as a resource, to develop an understanding of mechanisms of 

mutagenesis and / or carcinigenesis goes beyond the notion of an 

electrophilic species contrary to the earlier belief that "the property which is 

common to all the diverse types of chemical carcinogen is that they can form 

directly, or are metabolized to, reactive electrophilic forms" (Miller and Miller 

1966.) The mutagenic properties of anticancer drugs vary considerably 

depending on their structures and mechanisms of cytotoxicity, but pattern 

can be discerned, according to their mode of action. (Ferguson 1995). Over 

the last two decades, several specific and general reviews have been 

published on the mutagenicity of several drugs e.g. bleomycin (Povirk and 

Austin 1991), cyclophosphamide (Anderson e/a/1995). Unfortunately, even 

for the most widely used anticancer drugs, there are gaps in the literature 

that makes it difficult to assess the relative mutagenic potential of different 

types of compound (Ferguson 1995). 
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In this investigation the mutagenicity of this new organotin compound 

was earned out, since there is a requirement for such testing before new 

drugs are released (Anon 1989). These regulations generally require that a 

package of assays be done, using a number of different endpoints, before it 

can be concluded that a chemical is non-mutagenic. Cytogenetic endpoints 

in bone marrow and unscheduled DNA synthesis in rodent liver are required 

for mutagenecity testing; these assays may be supplemented by others, 

such as sister chromatid exchanges (SCEs) and chromosomal aberration 

(CAs) (Anon 1989). The phenomenon of sister chromatid exchanges (SCE) 

and chromosomal aberration have been long considered as cytological 

indicators of chromosome damage and repair (Latt, 1980). In this present 

investigation, these two established end-points besides cell cycle kinetics 

were used. 

Cell cycle 

Normal cell cycle progression relies on the cell's ability to translate 

extra-cellular signals such as mitogenic stimuli and intact extracellular 

matrices in order to efficiently replicate DNA and divide. The morphological 

changes associated with cell division have been observed repeatedly since 

the early 1800s, by light microscopy. A rapid organized procession of events 

in cellular mitosis includes chromosomal alignment in metaphase, sister 

chromosome segregation in anaphase, and subsequent division of cellular 

material leading to the next interphase where cells only appear to grow 

gradually in size. (Nasmyth 1996) It was not until 1951 when Howard and 

Peic reported the synthesis of nucleoprotein in bean root cells (Howard and 

Peic, 1951) (otherwise known as DNA synthesis or S - phase) during 

interphase that the cell cycle, as we know it was born. Strict regulation of this 

cellular division cycle is essential to ensure proper duplication of genetic 

information with extremely high fidelity as well as to monitor correct 

segregation of this information during mitosis. 
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A tumor-suppressor gene, p53, encodes a 53 kDa nuclear 

phosphoprotein (known as the p53 protein) involved in the control of cell 

cycle, apoptosis and DNA repair (Vogelstein 1992; Steele 1998) 

Consequently, loss of normal p53 function leads to genomic instability 

characterized by an increased frequency of gene amplification 

(LJvingstone1992; Yin 1992), chromosomal rearrangements and mutations 

(Bouffler 1995; Havre 1995). Therefore, p53 often referred to, as the 

guardian of the genome is' one of the important players in mediating a 

response to DNA damage. Specific interaction of p53 with DNA up-regu!ates 

the expression of p53 target genes like GADD45 and p21 These act co-

ordinately to arrest the growth of cells following DNA-damage The cellular 

response to genotoxic agents triggers a rapid increase in the total p53 levels 

mainly through prevention of p53 degradation. 

It has been recognized for a long time that radiation exposure to cells 

delay their entry into mitosis (Giese, 1947) and this is termed as mitotic 

delay. It is a general observation that the delay depends on the stage of the 

cell cycle and a relationship exists between radiation dose and the resulting 

mitotic delay regardless of the cell line used (Collyn-d'Hooghe et al, 1981). 

Radiation induces delay in the cell cycle due to blocking of the cells at the 

G1/S or G2/M boundaries of the cell cycle (Nagasawa e/a/1984). Cell cycle 

studies have gained importance owing to the fact that the most widely used 

anticancer drugs seems to work by preventing or delaying cell proliferation 

and DNA synthesis. 

Employing the FPG staining technique (Goto et al 1975), cell cycle 

delay can be measured in terms of reduction in the frequency of 2"*̂  and 

subsequent division metaphases, and corresponding increase in the first 

cycle metaphases, at a given time following the treatment In this 

investigation, we have tried to determine the cell cycle kinetics of mouse 

bone marrow cells in vivo and human peripheral blood lymphocytes in vitro. 

The delay in the cell cycle kinetics was then determined after the drug 

treatment. 
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Chromosomal Aberrations (CA) 

Chromosome damage constitutes a set of efficient, reliable and 

economical criteria to measure genetic toxicity. One of the major types of 

chromosome abnormalities, which cause genetic disturbances of the cell, is 

chromosome breakage, inducing damage directly in the genetic apparatus. 

Thus many experiments have been designed to find out details of the 

mechanism of drug action, relation to the cell cycle, the fate of aberrations, 

localization of breaks, and other parameters. For drug assay, two main 

questions are asked: (a) whether an agent can cause chromosomal damage; 

and (b) if so, how much. If these two questions are answered, some other 

tests or details can be omitted. Therefore, the methodology and the protocol 

should be geared towards these two objectives (Hsu, 1982). 

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 

cytogenetic alterations can result from exposure to chemicals, and ionizing 

and non-ionizing radiation. The association between specific cytogenetic 

alterations and tumorigenesis is strong (Mitelman, 1994). Indeed, it is this 

relationship that is used as one justification for including endpoints in 

toxicological evaluation of industrial chemicals, and development of new 

pharmaceutical and therapeutical compounds. 

Sister Chromatid Exchanges (SCE) 

SCEs are S-phase phenomena i.e. they occur during DNA-synthesis 

and SCE-inducing agents are thought to exert their effect at this phase of the 

cell cycle (Wolff, 1974). SCE formation appears to be a consequence of 

errors of DNA replication, possibly at the replication fork itself (Painter, 

1980). Sister chromatid exchange analysis has come into use as a sensitive 

means of monitohng DNA damage. It was also suggested that SCE is a 
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means by \A4iich 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 (Benditt and Benditt, 1973). SCE method may have its application 

as a supplementary diagnostic tool in the analysis of breakage syndromes 

(Ray and German, 1982) and in monitoring chemotherapy (Raposa, 1982) 

and have been used for many years as a mutagenicity test (Dean and 

Danford 1984). Although most of the anticancer drugs currently in the clinic 

are effective in causing chromosomal damage, there is considerable 

variability in their ability to cause SCE (Ferguson 1995). For many of the 

alkylating agents including cispiatin, melphalan and mitomycin C, SCE does 

indeed occur at lower concentrations and appears to be a more sensitive 

assay than direct measurement of chromosomal aberration (Sieber and 

Adamson, 1975). The fact that there is no direct association between SCE 

induction and an adverse cellular or health outcome, their analysis has 

limited value in risk assessment, except as a biological dosimeter or 

biomarker of exposure. Nevertheless, any discussion of cytogenetics would 

be incomplete without at least some mention of this parameter. All SCE-

inducing agents that have also been examined for their effects on DNA 

synthesis inhibit the rate of DNA-replication (Schwartz, 1983). 

Tin is an element widely distributed in the mammalian food chain as 

well as in soils, water and plants (Koch e/a/1956; Schroeder e/a/1964). 

Organotin compounds have varying degrees of toxicological properties, 

depending on the nature and number of alkyl groups bonded to the tin atom. 

The toxic action of many organotin compounds has been ascribed to their 

tendency to combine with coenzymes and enzymes possessing dithiol group. 

The mammalian toxicity however, decreases with increase in chain length of 

the alkyl residue and the nature of the alkyl group is of prime importance in 

determining their toxicity towards particular living species (Singh and Sharma 

1992). The di- and tri- methyltin and di- and tri-ethyltin halide exhibit 
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neurotoxic properties and present serious health hazards to the nervous 

system (Sherman and Huber 1987). Almost all of the low-molecular weight 

di- and tri-alkyi compounds possess some anti-proliferative properties and 

most compounds produce these properties if they are capable of hydrolysis 

(Sherman and Huber 1987). Our current knowledge on cellular effects of 

organotins is mainly restricted to studies with cells of the immune system 

because of the predominant immunotoxic effects of various organotin 

homologues (Boyer 1990). Besides direct cytotoxicity, di- and tri-substituted 

organotins affect cell energetics, membrane-associated functions and macro-

molecular synthesis in particular protein synthesis (Penninks 1990; Al-lmara 

1993) Previous studies have also demonstrated that triphenyl tin acetate and 

triphenyltin hydroxide reduced thymocytes and lymphocytes viability (Attahiru 

e/a/1991; Bollo e/a/1996; Vos e/a/1984), thymus and spleen weight (Vos 

et al 1984), induced central nervous system and respiratory depression 

(Attahiru e/a/1991) and lung, liver, intestine and kidney histopathologic 

lesions in sub chronic toxicity study (Attahiru e/a/1991). Organotins have 

been known to increase cytosolic Ca "̂", alter functionality and induce 

apoptosis in rat thymocytes (Gennari 1997). In vitro exposure diminishes the 

viability of mouse spleen cells, decrease antibody secreting cell numbers in 

fish (Al-lmara 1993;Thompson 1996; Rice 1995) and also inhibit DNA 

synthesis of spleen cells from mice (Al-lmara 1993). But the possible 

interaction of this organotin compounds with native DNA has still to be 

investigated. Moreover, the genotoxic potentialities of this new organotin 

compound in relation to the cellular glutathione (GSH) level were also 

investigated, since it plays an important role in cellular defense mechanisms 

(Deleve et al 1991). It is known that GSH protects cells against radiation 

(Chatterjee et a/1986) and various toxic effects of xenobiotics (Shaw et al 

1986), but not against radiomimetic drugs like bleomycin (Chatterjee et al 

1989,Chattopadhyay e/a/1997). 

Therefore, an assessment of the influence of GSH on the activities of 

OTC as well as other organotin compounds is warranted, in order to define 
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better the compounds whose activity maybe potentiated through appropriate 

modulation of GSH especially those which show anti-tumor activity. 

Materials and Methods 

Materials: 

A. Mouse bone marrow cells (BMCs) 

Described earlier in chapter 1. 

B. Human peripheral blood lymphocytes (HPBLs) 

Described earlier in chapter 1. 

Reagents: 

EtaSnCb.L {L=N-[p-(2-pyridylmethylene) methylbenzenamine]} (OTC). 

The preparation and concentration of the drug was described in the 

1 *̂ chapter. 

5-bromo-2-deoxyuridine tablet/powder (BUdR). 

For in vivo experiments, paraffin coated tablet (50mg) (Roche Molecular 

Biochemicals. Germany) was implanted subcutaneously in each mouse. For 

in vitro experiments BUdR powder (Sigma, USA) was used after dissolving it 

in RPMI 1640 culture medium. 

Phytohemagglutinin M (Gibco, USA). 

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

USA). 

New Born Calf Serum (Hyclone, USA) 
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DL-Buthionine-(S,R)-Sulfoximine (BSO, Sigma, USA) 

The preparation was described earlier. 

Reduced Glutathione (GSH; Sigma, USA); 

Freshly dissolved in culture medium before used. 

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

50|xg ml"̂  working solution was made in double distilled water 

Giemsa, 3%, (BDH chemicals, Ltd. UK.) 

Ail other chemicals are of analytical grade. 

Treatment: 

BSO 

BSO was injected intraperitoneally at a dose of 200 mg kg"̂  10 hours before 

the OTC treatment in all in vivo experiments. 

For in vitro system, BSO was administered at a dose of 5mM at least 3 hours 

before OTC treatment. 

GSH 

GSH was injected to mice at a concentration of 400mg kg"̂  half an hour 

before the OTC and in in-vitro system GSH was added at a dose of 15mM 30 

mins before OTC treatment. 

OTC 

15 and 30 mg kg"̂  of OTC was used for in vivo studies. The BMCs were 

fixed at 17, 20 and 24 hours after treatment, and in vitro, 1 and 3 |ig ml"'' 

blood were used and cells were fixed at 72 hours. 
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Culture procedure: 

Cultures were set up in medium containing RPMI - 1640 with antibiotics and 

supplemented with 10% heat inactivated newborn calf serum. In order to 

stimulate the Go lymphocytes 0.2 ml of phytohaemagglutinin M was added in 

each culture. BUdR (6 iig ml"̂ ) of was added to each culture. All cultures 

were incubated at 37°C. After about every 12h cultures were gently shaken. 

Cultures were harvested at 72h to analyze the effect of OTC. All experiments 

were repeated at least 3 times. 

Preparation of Metaphases and differential staining: 

The animals were sacrificed 17h, 20h, 24h, after OTC treatment by cervical 

dislocation with 2h prior treatment of colchicine (10 mg kg"̂ ) in each animal. 

The femur bones were dissected out and the BMCs were obtained by 

flushing out with 2ml pre-warmed (37°C) 0.075M KCI with the help of a 

hypodermic syringe and a 26-gauge needle. A single cell suspension was 

made in hypnotic solution and incubates at 37°C for 15 min. The cells were 

centrifuged at 1200 rpm for 5 min and fixed in two changes of fixative for 30 

and 10 min respectively, re-suspended in 1ml of fixative and dropped onto a 

grease free chilled slides and flame dried. 

In in-vitro experiments, colchicine was added at a concentration of 0.01 |ig 

ml"̂  3h prior to harvesting. Hypotonic treatment was done for 20 minutes and 

ceils were fixed and slides were prepared according to the flame drying 

method, as stated above. 

Differential Staining: 

Differential sister chromatid staining was carried out by the method of Goto 

etal (1975). Slides were treated for 10 minutes with Hoechst 33258 at room 

temperature in the dark. The slides were then rinsed with distilled water. 
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mounted in 2xSSC and kept in sunlight for 30-40 min depending upon the 

intensity of light. After rinsing in distilled water, slides were then stained in 

3% Giemsa, air-dried and mounted in DPX. 

Scoring and statistical analysis: 

Slides were coded at random. For scoring cell cycle kinetics, metaphases 

were categorized as the first, second and subsequent division cycle 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 number of cells (Rl) where RI=1xM1+2xM2+3xM3/ number of cells. 

At least 100 well spread first cycle metaphase plates (with a few exception) 

were selected for aberration study from each mouse and also from each 

culture. For BMCs, chromosomal aberrations were classified as chromatid 

breaks (chd. bks.), and isochromatid breaks (Isochd. bks.). In case of 

HPBLs, deletions and chromatid breaks were scored. Total numbers of 

normal as well as aberrant metaphases were scored. Data were subjected to 

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

aberrant metaphases and simple x^-test for aberration. The actual observed 

data were used during statistical analysis. 

SCEs were scored from 2"̂ * cycle metaphases, at least 25 (with a few 

exceptions) well spread second cycle were considered for SCE scoring. 

Metaphase cells with differentially stained sister chromatids from each 

culture were studied for evidence of SCEs. The data of observed SCE-

increase per metaphase were obtained after subtracting the control value 

from each treatment and the expected SCE-increase per metaphase were 

presented after adding the individual observed value. Data were subjected to 

parametric statistical analysis. To compare the effects of OTC with GSH or 

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 etal. 1968) was analyzed. 
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p53 immunoblotting analysis 

Reagents: 

RIPA buffer (Radio Immuno Precipitation Assay) 

Composition of RIPA buffer. 

1%(w/w) Nonidet P-40(NP-40) 

1 %(w/v) sodium deoxycholate) 

0.1%(w/v)SDS 

0.15MNaCI 

0.01 M sodium phosphate, pH 7.2 

2mM EDTA 

50mM sodium fluoride 

0.2 mM sodium vanadate added fresh from 0.2 stock solution.(can be stored 

in plastic container at room temperature. 

100U/ml aprotinin (trasylol, Pentex/Miles). 

DNAse (Sigma, USA). 

Genei protein estimation kit by bicinchonimic acid (BCA) method. 

(Bangalore Genei Pvt. Ltd.) 

SDS-polyacrylamide gel kit (Bangalore Genei Pvt. Ltd.). 

Method: 

The level p53 protein in OTC-treated mouse BMCs was evaluated by 

Western Blotting analysis previously described by Perego (1997). The 

mouse BMCs was collected 6h after OTC treatment. 
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The BMCs (untreated and treated samples) were washed in PBS. 200^1 

RIPA buffer (Radio Immuno Precipitation Assay) was added to the samples 

in ice. To this, DNAse(1 U ml"̂ ) was added, mixed well and protein assay was 

done base on the bicinchonimic Acid (BCA) method, and using the Genei's 

BCA Protein Assay kit (KT-31). 

To prepare BCA working Reagent (BWR), 50 parts of Reagent A was mixed 

with 1 part of Reagent B. 2ml of this reagent was added to each sample, 

mixed well and the optical density was measured at 562nM after incubation 

for 30 mins at 37°C. Using a standard curve, the protein concentration of the 

samples was determined. 

40|ig of protein was resolved by SDS-PAGE on a 10% polyacrylamide 

resolving gel and a 5% stacking gel at 50 V constant voltage for 2 h. The 

proteins were transferred onto a 0.45-|im nitrocellulose membrane at 50 V 

constant voltages for 7h. 

Membranes were blocked at room temperature in TBST containing 5% (w/v) 

nonfat milk. The membrane was suspended in primary antibody p53 Ab-

8(DO-7+bp53-12 ) (Neomarkers, USA) along with assay buffer for 30mins 

and then washed in Washing buffer three times for at least 10 mins each 

time. 

The blot was then immersed in second antibody solution (Rabbit antimouse 

IgG-ALP conjugate) 1:2000 dilution, gently shaking for 1 hour. 

A primary antibody for (3-actin 1:30,000 dilution was also used as control for 

sample loading. 

Antibody binding to nitrocellulose was detected using substrate solution 

BCIP/NBT (Bangalore Genei Pvt. Ltd. India) and bands were visible within 20 

mins. 
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Results 

OTC induced CAs, SCEs and frequency of Ml in mouse BMCs and in HPBLs 

were studied as positive controls to either BSO+OTC or GSH+OTC treated 

samples and the data are presented in tabular form. Negative controls are 

data also shown. 

In vivo 

Cell cycle kinetics 

The percentage of Ml was significantly higher in OTC-treated samples at all 

fixation hours indicating a delay in cell proliferation. (Table 2.1) The AGT 

significantly increased after treatment with 15 mg kg"̂  of OTC compared to 

control. Both the concentration of OTC showed almost similar extent of delay 

induction in cell proliferation. Presence of BSO reduces the delay induced by 

OTC (15 mg kg'^) significantly, however with 30 mg kg"\ presence of BSO 

induced more delay. Prior treatment of the animals with GSH reduced the 

delay considerably. It is worth noting, that BSO and GSH alone induced 

delay in cell proliferation with respect to negative control. (Table 2.2; Fig. 2.4) 

CAs 

The frequency of aberrant metaphases fcdleA h (VicTease. by OTC 

treatment. Both 15 and 30 mg kg^ induced 3-4% aberrant metaphases. The 

aberrations were mam\y chroma\ici break, type and OTC fa\\ed to induced any 

exchange aberrations. The frequency of aberrant metaphases increased 

marginally when OTC was treated to BSO-treated mice, mainly the 

frequency of chromatid breaks were elevated. Treatment of GSH prior to 

OTC failed to reduce the frequency of OTC-induced CAs. BSO alone 

induced CAs significantly, however, the CAs induced by GSH alone was as 

good as that of the negative control. (Table 2.3; Fig.2.5) 
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SCEs 

Table 2.4 shows that OTC induced significant level of SCEs in mouse BMCs 

in a dose dependent manner. However, in most of the studies 15 mg kg^ of 

OTC was used since at 30 mg kg^ several mice failed to survive. OTC at 15 

mg kg^ induced more SCEs at 24h fixation cells than 20h fixed cells 

Treatment of OTC with GSH or BSO, increase the frequency of SCEs 

significantly. (Fig 2 5) It is also worth noting that both GSH and BSO alone 

induced SCEs considerably. Therefore, it is necessary to consider that both 

GSH and BSO per se induced a significant increase of 3.04 and 1.91 SCE/M 

respectively, v\/ith respect to untreated control. This means that considering 

an additive increase, if GSH+OTC induced an increase of 3.04+1 36 = 4 40 

SCE/M, which compared with the observed SCE increase of 4 69, indicating 

a 6% increment. The data of the percent increment of the frequency of 

SCE/M in combined treatment is shown in Table 2.5. This enhancement was 

more pronounced in BSO + OTC-treated ones. 

Regarding the distribution of SCEs per cell, it shows that OTC treatment 

showed more cells having 4-11 SCEs with respect to untreated control. In 

presence of BSO or GSH along with OTC, the cells having 8 and more SCEs 

inaeased substantially. The dispersion analysis indicated that the distribution 

of SCEs in OTC - treated with and without BSO and GSH did not deviate 

from the Poisson expectation, although GSH alone showed deviation from 

the Poisson expectation. 

/n vitro 

Cell cycle kinetics 

Unlike that of bone marrow cells, in HPBLs, the delay in cell kinetics induced 

by OTC is quite clear Table 2.6 shows that the frequency of Ml was 

significantly higher after OTC treatment in a dose dependent manner in most 
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of the experiments. Treatment of OTC to BSO-treated blood samples 

increased the frequency of Ml cells and the increment was significant in all 

experiments, at an OTC concentration of 3|ig m\'\ However, both GSH and 

BSO alone showed significant increase in frequency of M1 indicating 

induction of delay in cell proliferation (Fig. 2.6). 

CAs 

Table 2.7 shows that the aberrant metaphases were significantly higher after 

OTC treatment in a dose dependent manner in most of the experiments. The 

aberrations observed were mostly chromatid breaks. Treatment of BSO 

increased the frequency of CAs, which was induced by OTC. When GSH 

was used prior to OTC treatment the frequency of OTC induced aberrant 

metaphases did not increase. It may be noted that BSO (5mM) and GSH 

(15mM) did not induce any kind of CAs since no change was observed from 

the frequency of spontaneous aberrations (Fig. 2.7) 

SCEs 

In HPBLs, OTC induces SCEs in a dose dependent manner. Presence of 

BSO before OTC treatment at 1 î g ml"̂  could not increase the frequency of 

SCEs and while at a concentration of 3|̂ g mr\ not many cells were available 

to score SCEs since the frequency of Ml cells are very high (Fig. 2.7). 

Presence of GSH 30 mins before OTC treatment showed marginal increment 

or decrement in the frequency of SCEs with respect to OTC-treatment alone. 

However, both GSH and BSO alone induced more SCEs with respect to 

control. The distribution of SCEs induced by both the doses of OTC with or 

without BSO or GSH was distributed as Poisson. The frequency of SCEs in 

the untreated controls did not differ significantly from each other and the 

dispersion of SCE was consistent with Poisson model (Table 2.8). 
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p53 protein expression 

The purpose of this study was to examine the role of p53 protein in the cell 

delay process induced by OTC. Western blots were used to analyze the 

induction of the p53 protein after treatment with OTC. A marginal increase in 

the level of p53 protein was observed in mouse BMCs 6h post-treatment of 

OTC (Fig2.8). 

The amount of p53 induced each time was determined after normalization to 

P-actin and was compared to the untreated controls. 
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Discussion 

As outlined in the introduction, this study was carried out to evaluate 

the cytotoxic effect of OTC with respect to endogenous GSH level in 

mammalian cells. The present data indicate that OTC induced significant 

delay in cell kinetics and SCEs in both BMCs and HPBLs, however, with 

regard to CAs human lymphocytes showed higher induction than mouse 

BMCs. In this study OTC induced mostly chromatid breaks and failed to 

induce any exchanges. This implies that DNA lesions induced by OTC may 

not be appearing at the same time or in close proximity, so that they failed to 

associate to form exchanges (Kihiman 1977). Being structurally similar to 

cisplatin it is expected that the mode of action of the tin complexes could be 

similar to that of cisplatin (Crowe eta/1984). Thus it could be that OTC like 

cisplatin cross linked to the N7 position of two consecutive guanine 

molecules in DNA and disrupting the DNA helix. It has also been 

demonstrated that dimethyltin dichloride will form adducts with adenine, 9-

methyl adenine and adenosine (Cardin and Roy 1985). Hence, it may be 

inferred that the OTC could bind on DNA more easily owing to its structural 

advantages particularly the increased bond length and thus possibly induces 

delay in cell proliferation and damages DNA. 

A novel aspect of the present study is the analysis of the influence of 

BSO on OTC-induced CAs and SCEs. The data indicate that the presence of 

BSO increased cellular sensitivity towards OTC in both cell systems. Thus, 

BSO-mediated GSH depletion could lead more binding of OTC on DNA and 

increased its cytotoxicity. It was observed that some experimental mice failed 

to survive after OTC treatment and such death was increased when OTC 

was treated to BSO-treated mice. Although the exact reason for the death of 

mice by OTC is not known, it could be due to its neurotoxic potentiality, since 

organotin exhibits neurotoxic properties (Attahiru e/a/1991). It seems that in 

the present study such toxic effect of OTC could probably be reduced when 

GSH is present. Treatment of BSO produces a rapid decrease in the GSH 
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levels of the various tissues (Lee e/a/1987). Intermediate rates of depletion 

has been demonstrated following a single dose of 556 mg kg'' BSO in the 

bone marrow with a nadir at 8-12h (Shrieve eta/^9^5). In an earlier study it 

has been observed that GSH concentration was depleted to 54% of the 

control value after 10h BSO treatment in mouse BMCs (Chattopahyay 1999), 

Therefore, the incubation period of BSO-treatment was kept for lOh in the 

present study and then OTC was applied. In the case of in vitro study the 

freshly drawn blood was incubated with BSO for 3h since in cultured cells 

>75% depletion was achieved within 4-5h by 500ixm to lOmM BSO (Shrieve 

et a! 1985, Edgren and Revesz 1987). In this study the concentration of BSO 

used was 5 mM since significant effect of BSO was observed at this 

concentration with respect to CA induction by radiation (Chattopahyay 1999) 

and bleomycin (Chattopahyay 1997). Depletion of cellular GSH by BSO or 

elevation of cellular GSH by exogenous GSH increased the induction of 

SCEs by OTC in BMCs, however, in HPBLs such influence was not 

observed. On the other hand, the frequency of CAs was increased 

significantly in both the systems when endogenous GSH level was depleted. 

It appears from the present result that BSO-mediated GSH depletion 

increases the number of DNA strand breaks induced by OTC, thereby 

enhancing the frequency of chromatid breaks only but not SCEs, particularly 

in case of HPBLs This observation indicates that DNA lesions for CAs and 

SCEs are qualitatively different as it was proposed earlier (Carrano et al 

1979, Nishi et al 1984). It is also worth noting that BSO-mediated 

enhancement in DNA strand breaks failed to induce any exchange 

aberrations. We found that exogenous addition of GSH could not reduce the 

frequency of CAs in HPBLs and in case of BMCs the effect of GSH was not 

clear since the frequency of aberrations was very low. Such non-protective 

effect of GSH on OTC-induced CAs is not clear particularly when BSO-

treatment enhanced the frequency of OTC-induced CAs It has been 

reported that addition of GSH to the culture media did not protect the cells 

from cell-death induced by triethyl- and trimethyltin in C6 glioma cells 
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(Cookson et a/1998). However, they observed protection when the culture 

was pretreated with 2-oxo-4-thiazolidine carboxylic acid, which increased 

intracellular GSH level. It seems that in thfe present study endogenous GSH 

level did not increase before addition of OTC since GSH is generally not 

considered to be transported easily across the cell membrane (Clark et al 

1986) and very little enhancement in endogenous GSH level was shown 

after 2h of exogenous GSH addition in CHV79 cells (Wardman e/a/1992). 

They had shown rapid increase in endogenous cysteine concentration (~10 

fold) after exogenous GSH addition. Therefore, present failure in protection 

by exogenous GSH indicates the non-involvement of free radicals in OTC 

induced DNA-lesions since cysteine is more reactive than GSH towards 

radicals located on DNA (Zheng 1988). 

It is also interesting to note that both GSH and BSO alone induced 

SCEs significantly in BMCs with respect to control as it was shown earlier 

(Chatterjee et al 1995). Due to the fact that this study considers the 

interaction between agents capable of inducing SCE, it is possible that each 

agent was capable of influencing the SCE-induction caused by other. 

However, the fact that the net SCE induction caused by OTC was enhanced 

in BMCs treated either with GSH and / or BSO, suggests that either GSH or 

BSO increases SCE induction by OTC. It seems that the mechanisms 

responsible for the present increased frequency of SCEs in two different 

combined treatments are not similar because of differences in cellular GSH 

status. Similar observation was made with mitomycinC in BMCs (Dev-Giri 

and Chatterjee 1998) where the role of GSH in the pattern of alkylation of 

DNA by MMC was known (Sharma and Tomasz 1994). In the present 

context, the role of GSH in OTC-DNA interaction is not known, however, it 

could be that when GSH was depleted by BSO, cross-linking of OTC with 

DNA could not be inhibited by GSH thus increased OTC efficacy was 

observed. Although one cannot rule out the possibility of SCE induction by 

peroxides and free radicals that are formed by normal pathway in BSO-

treated cells as discussed earlier (Chatterjee e/a/1995). 
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The frequency distribution of SCE / cell after OTC combined with 

either GSH or BSO showed Poisson distribution in both the systems which is 

an indication that the SCE-induction in those samples was due to damaging 

DNA since agents that induce SCEs by damaging DNA-lesions fit well with 

the Poisson distribution (Rainaldi and Mariani 1982). It was suggested that 

there are at least two forms 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 forms of SCE induction could take place by 

OTC and the influence of endogenous GSH level on these lesions are 

different in these two systems Earlier evidence indicates that SCE is caused 

by DNA-lesions not repaired before the S-period, the cell cycle step in which 

the SCE seems to be produced (Perry and Wolff 1974). The reparability of 

the SCE-inducing lesions during G1 was not widely explored in vitro (He and 

Lambert 1985) and less in vivo (Morales-Ramirez et al 1995); the latter is 

due to the difficulties in obtaining synchronized cells. It is most likely that 

many SCE-inducing DNA lesions could be repaired during G1 in HPBLs 

which is perhaps not true for dividing BMCs. Repair of 50% of the SCE-

inducing lesions during G1 caused by MNU was observed by liquid holding 

experiment in HPBLs (Stephenou et al 1996). From the present data it 

seems that the SCE-inducing lesions caused by OTC are qualitatively 

different in BMCs and HPBLs and endogenous GSH level perhaps exerts its 

influence on some of these lesions. Although it is not clear, exactly which 

types of lesions induced SCEs in this two different systems, but their seems 

to be different types as it was proposed earlier about the existence of various 

types of SCE-inducing lesions (Saher e/5/1981; Kano and Fujiwara 1982) 

on which some are repairable and others are nonrepairable (Stephenou etal 

1996; Gonzales-Beltran 1999). 

In this study OTC induced significant delay in cell cycle in both the 

systems. In vivo, although the basic cell cycle progression varied 

considerably among individuals in each group, the extent of delay by OTC 

was very clear. The AGT was significantly increased after treatment with 15 
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mg kg'^ of OTC compared to control. Treatment with BSO or GSH along with 

OTC reduced the delay In cell cycle significantly and this delay reduction was 

more pronounced with GSH. However, with 30 mg kg"\ the results obtained 

were quite unusual. As mentioned earlier in the introduction (page 8), The 

concentration of OTC is an important factor for its toxicity. At 30 mg kg'^ 40% 

of the animals failed to survive and this increased further when BSO was 

treated prior to OTC - treatment. This could be the reason of the quirk 

observation made at 30 mg kg'^ OTC - treatment. Other Organotin 

compounds are known to inhibit the DNA synthesis of spleen cells in mice 

(Al-lmara et al 1993) and decreased the proliferation of human B 

lymphocytes (De Santiago e/a/1999). It could be that in this study OTC form 

an adduct with DNA and interfere with DNA replication and induce cell cycle 

delay. However, present data indicate that OTC-DNA adduct may not be the 

sole factor for inducing delay in cell cycle, because in BMCs, BSO increased 

OTC-induced CAs but reduced delay in cell cycle and in HPBLs, GSH 

reduced OTC-induced delay in cell kinetics but not to CAs. It has been 

reported that di- and trisubstituted organotins affect cell energetic, 

membrane-associated functions and macromolecular synthesis (Caruso et al 

1993). Therefore, it is difficult to say the exact mechanism by which OTC 

induced delay in cell cycle. It is reasonable to believe that not one single 

event is responsible for mutagen-induced delay in cell cycle rather it may be 

dependent on multivariate factors. 

GSH alone induces a delay in cell kinetics in both the systems as it 

was shown earlier (Chatterjee e/a/1986; Chatterjee e/a/1995; Speit 1980). 

In general aminothiol radioprotectors are thought to bind with DNA and slow 

down strand separation for replication (Brown 1967). However, in this study 

BSO alone induces delay in BMCs but not in HPBLs. It could be that the 

generation of free radicals might be negligible in non-cycling lymphocytes 

(before PHA addition) and thus depletion of cellular GSH by BSO could not 

induce delay in cell cycle as well as CAs. This is not true for cycling BMCs 

where depletion of GSH failed to protect DNA from peroxides and free 
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radicals, \A/hich are formed by normal metabolic pathways, and induce delay 

in cell kinetics and CAs. 

In the present study we had measured the level of p53 only after 6h of 

OTC-treatment. It was observed that there is slight increase in p53 protein 

with respect to control level. In fact, one should measure every 2h interval for 

20h after OTC-treatment to get a clear picture of the p53 - level. From the 

present study it seems that OTC-induces delay in cell cycle in a p53-

dependent manner. In normally growing cells p53 is rapidly turned over and 

protein levels are very low. In response to stress signals such as DNA 

damage, hypoxia, mitotic spindle damage or oncogene activation, p53 is 

stabilized and protein levels increase rapidly {Ashcroft and Vousden 1999). 

One of the principal regulators of p53 activity is MDM2, which binds directly 

to the N-terminus of p53. The cellular concentration of p53 protein increases 

in response DNA-damage. Protein stabilization may also contribute to the 

rise in p53 protein concentration in response to DNA-damage (Milner 1996). 

The importance of p53 in normal cell growth is supported by the fact that its 

function is lost in approximately half of all human cancers. It involved in 

several aspects of cell cycle, apoptosis, control of genome integrity and DNA 

repair (Levine 1997). p53 influences proliferation by acting predominately in 

the G1 phase of the cell cycle progression. Oncogenic, DNA-damage by 

irradiation and chemotherapeutic drugs activate p53 (Levine1997). p53 

causes a G1 arrest by inducing expression of p21, numerous other studies 

demonstrate that p53 also functions at G2/M checkpoint. Quite frequently in 

many mouse, rat and human cell lines over-expression of p53 inhibits entry 

into mitosis (Agarwal 1998). This checkpoint seems to be activated when 

DNA synthesis is blocked and prevents segregation of damaged or 

incompletely synthesized DNA. p53 functions are mediated by direct 

interactions with other proteins, or with the DNA (Kastan 1991; Kuerbitz 

1992). 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 observation v^s 
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also obtained with exposure to bleomycin and other chemotherapeutic drugs 

(Lu and Lane 1993). The tumor-suppressor protein p53 plays a role in 

determining the resistance of cancer cells to chemotherapeutic agents (Linn 

etal1996). 

Several reports show that organotin compounds seem to have a vast 

potential for use as antitumour agent (Crowe e/a/1984; Saxena and Huber 

1989). Unfortunately, even for the most widely used anticancer drugs, there 

are gaps in the literature that make it difficult to assess the relative 

mutagenic potential of different types of compound (Ferguson 1995). The 

present novel tin compound shows ability in blocking cell proliferation and 

damaging DNA in mammalian cells and this effect exacerbates further when 

cellular GSH level is depleted by BSO. Since the cytotoxic effect of OTC is 

more in GSH depleted cells, the concentration of OTC may be reduced to 

get an antitumour effect in GSH-depleted cells and thus minimizes its toxic 

side effect. 

It has been shown that the effect of GSH on the cytotoxicity of 

cisplatin and iproplatin in a human melanoma cell line was not a 

consequence of differences in GSH-Pt conjugation, but rather that it could be 

attributable to something else, such as DNA-repair, apoptosis and free 

radical scavenging or other unknown mechanisms (Pendyala e/a/1997). 

Therefore, successful evaluation of new anticancer drugs increasingly 

depends on a detailed understanding of mechanism of action, its cytotoxicity 

and pharmacology. 
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Table.2.1. Effect of OTC alone or in combination with BSO (200mg l<g'̂ ) and GSIH (400mg kg'̂ ) 
on the cell cycle kinetics In mouse bone marrow cells In vivo. 

Exp. 
condition 

Untreated 

Untreated 

Untreated 

BSO 

GSH 

OTC 
15mg kg'̂  

BSO+OTC 
15mg kg"̂  
OTC 
15mg kg"̂  

BSO+OTC 
15nng kg'^ 

GSH+OTC 
15mg kg"' 

OTC 
15mg kg'' 

OTC 
30mg kg'' 
OTC 
30mg kg"' 

BSO+OTC 
30mg kg"' 

Fixation TM 
time 

17 

20 

24 

20 

20 

17 

17 

20 

20 

20 

24 

17 

20 

20 

302 
160 
204 
394 
178 
080 
156 
130 
196 
163 
142 
352 
287 
149 
231 
218 
160 
403 
299 
246 
102 
211 
458 
253 
306 
276 
166 
134 
326 
406 
135 
150 
207 
328 
263 
234 
170 
101 
227 
156 
310 
241 
354 
274 
275 
213 
125 
180 
102 

M1% 

49 
34 
57 
43 
08 
28 
24 
29 
09 
10 
15 
45 
51 
23 
43 
61 
38 
94 
90 
89 
90 
85 
66 
78 
65 
88 
71 
63 
38 
45 
78 
22 
32 
63 
22 
23 
30 
32 
17 
25 
82 
81 
63 
40 
44 
30 
100 
100 
097 

IVI2% 

47 
60 
39 
55 
62 
52 
50 
53 
78 
70 
65 
55 
49 
59 
55 
39 
57 
06 
10 
11 
10 
15 
22 
19 
33 
12 
29 
37 
61 
67 
22 
78 
68 
37 
75 
75 
66 
68 
77 
66 
18 
19 
37 
52 
54 
68 
00 
00 
03 

AGT 

10.62 
08.13 
14.82 
12.96 
08.56 
09.92 
09.62 
09.62 
11.92 
12.00 
12.37 
13.83 
14.82 
09.82 
11.66 
13.85 
11.19 
16.20 
15.60 
15.90 
16.10 
17 90 
15.25 
16.80 
15.10 
18.32 
15.85 
15.00 
12.68 
13.20 
16.80 
11.55 
12.23 
14 84 
11.80 
11.52 
13.86 
14.60 
12.94 
13.61 
14.80 
14.35 
14.30 
12.23 
12.95 
12.25 
20.50 
20.50 
20.36 

Mean AGT 
±SEM 

11.63 + 1.44 

09.43 ± 0.65 

12.09+0.14 

14.32 10.50 

11.63 ±0.84 

15.95 ±0.13 

16.55 ±1.35 

16.20 ±0.62 

14.20 ±1.31 

12.24 ±0.66 

13.76 ±0.49 

14.55 ±0.25 

12.85 ±0.52 

20.26 ±0.13 

TM : Total Metaphases; M1 : 1st cycle Metaphases; AGT ; Average Generation Time 
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Table2.2. Effect of OTC (mg kg"̂ ) alone or along with BSO (200mg kg"̂ ) and GSH 
(400mg kg'̂ ) on cell kinetics in mouse bone marrow cells in vivo. 

Exp. Fixation 
condition time(h) 

Untreated 17 
OTC(15) 
BSO+OTC 
OTC(30) 

Untreated 20 
BSO 
GSH 
0TC(15) 
BSO+OTC(15) 
GSH+OTC 
OTC(30) 
BSO+OTC(30) 

Untreated 24 
BSO 
OTC 

TIVI 

1060 
1050 
0669 
0551 

0549 
1116 
0758 
1135 
0867 
1182 
1116 
0407 

0501 
1325 
0654 

M1% 

46 
91* 
76 
82 

22 
27 
41 
73* 
44 
32 
44 
99* 

11 
11 
25$ 

Range of 
IVI1% 

34-57 
89-94 
66-85 
81-82 

08-29 
06-51 
23-61 
63-88 
38-78 
22-63 
30-63 
97-100 

09-15 
06-14 
17-32 

AGT(h)±SEM 

11.63 ±0.56 
15.95* ±0.13 
16.55 ±1.35 
14.55 ±0.25 

09.43 ±0.48 
09.98 ±1.00 
11.60 ±0.80 
16.20* ±0.61 
14.20 ±1.31 
12.24 ±0.66 
12.85 ±0.52 
20.26 ±0.13 

12.09 ±0.14 
12.47 ±0.23 
13.76 ±0.49 

*p<0.01; Student's t-test, compared to respective control. 
*p< 0.01; 2x2 contingency x^ test, compared to respective control. 
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Table 2.3. Effect of OTC alone or along with BSO (200 mg kg"̂ ) and GSH (400mg kg"̂ ) 
on chromosomal aberrations in mouse BMCs in vivo. 

Expt. 
condition 

Untreated 

BSO 

GSH 

OTC 
ISmgkg'^ 

BSO+OTC 
15mgkg"^ 

OTC 
30mgkg'^ 

OTC 
15mgkg"^ 

BSO+OTC 
15mgkg"^ 

GSH+OTC 
15mgkg"^ 

OTC 
30mgkg"'' 

BSO+OTC 
SOmgkg"'' 

Fixation 
time 

20 

20 

20 

17 

17 

17 

20 

20 

20 

20 

20 

1 TM 

108 
101 
102 
133 

134 
136 
097 
103 

112 
109 

207 
145 
163 
059 

114 
184 

178 
150 

128 
103 
201 
069 
060 

078 
126 
082 

056 
078 
174 
089 
076 

187 
089 
090 
056 

105 
150 
075 

Ab.M% 

01 
01 
02 
02 

09 
09 
14 
06 

03 
02 

03 
04 
04 
00 

04 
07 

03 
04 

02 
03 
04 
03 
02 

06 
09 
04 

04 
04 
04 
05 
04 

03 
02 
04 
04 

09 
13 
09 

Mean 
+SEM 

02 ± 0.25 

10" ±1.22 

03 ±0.35 

03 ± 0.94 

05 ± 0.73 

04 ± 0.42 

03 ± 0 37 

06 ±0.53 

04 ±0.18 

03 ± 0.53 

10'±0.51 

chd.bk 

01 
01 
01 
02 

09 
10 
10 
07 

03 
01 

02 
04 
03 
00 

03 
06 

02 
04 

02 
02 
03 
03 
02 

05 
07 
03 

03 
02 
03 
05 
04 

03 
01 
04 
04 

07 
11 
07 

Aberration % 
Mean Iso.chd.bk 

±SEM 

01 ±0.25 

09 ± 0,70 

02 ±0.71 

02 + 0.85 

05 ±1.06 

03 ± 0.70 

02 ± 0.25 

05±1.15 

04 ± 0.28 

03 ± 0.70 

08 ±1.33 

00 
00 
01 
01 

01 
02 
02 
00 

01 
01 

01 
00 
01 
00 

02 
01 

01 
00 

00 
01 
01 
00 
00 

01 
02 
01 

01 
02 
01 
00 
00 

00 
01 
00 
00 

02 
02 
02 

Mean 
±SEM 

01±00 

02 ± 0.48 

01 ±00 

01 ±0.28 

02 ±0.35 

01 ±0.50 

0.4 ±0.24 

02 ±0.33 

01 ±0.21 

0.25 ±0.25 

02 ±00 

TM: Total metaphases for chromosomal aberration. 
* p<0.001;2x2 contingency x^- test compared to control. 
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Table 2.4. 

Expt. 
condition 

Untreated 

Untreated 

BSO 

GSH 

OTC 
15 mgkg"' 

BSO+OTC 
15 mgkg'^ 

GSH+OTC 
15mgkg"^ 

OTC 
15 mgkg •' 

OTC 
30 mgkg •' 

Details of individual SCE values induced by OTC alone or in combination 
with BSO and GSH, distribution of SCEs and dispersion coefficient in mouse 
bone marrow 

Fixation 
time 

20 

24 

20 

20 

20 

20 

20 

24 

20 

TM 

37 
35 
65 
41 

68 
44 
50 

59 
51 

42 
55 
60 
46 

32 
45 
25 
26 
27 

114 
164 
076 

75 
87 
58 
79 

79 
31 
77 
75 

85 
68 
71 
94 

cells In vivo. 

SCE/IVl 

2.37 
2.77 
2.35 
2.90 

3 60 
3.20 
3.40 

4.47 
4.55 

5.14 
6.36 
6.32 
4.72 

3.57 
3.45 
3.80 
4.25 
4.75 

6.48 
7.20 
7.10 

6.28 
7.61 
7.13 
7.80 

5.87 
6.60 
7,42 
6.63 

4.50 
5 30 
4.48 
5.78 

IVIean 
+ SEM 

2.60 ±0.12 

3.40 + 0.12 

4.51 ±0.03 

5.64 ±0.36 

3.96 ± 0.24 

6.93 ±0.22 

7.29 ± 0.28 

6.63 ± 0.45 

5.02 ±0.32 

0-3 

69 
58 
65 
60 

68 
56 
52 

35 
40 

30 
45 
27 
38 

50 
58 
40 
23 
20 

18 
12 
13 

12 
07 
06 
07 

16 
07 
05 
05 

26 
19 
35 
20 

Dispersion 
4-7 8-11 

29 
40 
30 
35 

31 
38 
41 

42 
45 

52 
45 
53 
49 

44 
36 
60 
54 
63 

48 
42 
45 

77 
47 
47 
38 

58 
52 
52 
52 

68 
63 
52 
59 

02 
02 
05 
05 

02 
06 
07 

21 
15 

18 
10 
15 
11 

06 
06 
00 
23 
17 

27 
37 
36 

11 
35 
45 
43 

23 
39 
39 
42 

06 
13 
11 
19 

% 
12> 

00 
00 
00 
00 

00 
00 
00 

02 
00 

00 
00 
05 
01 

00 
00 
00 
00 
00 

07 
09 
06 

00 
11 
02 
12 

03 
04 
04 
03 

00 
05 
02 
02 

H* 

1,21 
1.34 
1.45 
1.32 

0.83 
1.38 
0.94 

0.98 
1.04 

1.58® 
1.75® 
1.69® 
1.48 

0.89 
1.74® 
0.57 
1.00 
0.74 

1.67® 
1.42 
0.87 

0.58 
1.35 
0.86 
1,42 

1.04 
0.52 
0.52 
0.76 

0.69 
0.75 
1.39 
1.06 

TM : Total Metaphases; H : dispersion coeffecient = variance/mean. 
@ Significantly different at QC = 0.05 from Poisson distribution. 
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Table 2.6. 
Effect of OTC on cell kinetics in human peripheral blood 
lymphocytes In v/fro alone or along with BSO (5mM) 
and GSH (15mM). 

Experimental 
condition 

Untreated 
3ng ml''' 
BSO+3 

Untreated 
3ng ml'^ 
BSO+3 

Untreated 
1ng ml'^ 
BSO+1 

Untreated 
1ng ml''' 
3 
BSO+1 
BSO+3 

Untreated 
GSH 
BSO 
l^gml ' ' 
3 

Untreated 
GSH 
BSO 
1ng ml"'' 
3 
BSO+1 
BSO+3 

Untreated 
GSH 
BSO 
1 l̂g ml" 
3 
BSO+1 
BSO+3 
GSH+1 
GSH+3 

TM M1% M2% 

242 
178 
097 

168 
170 
162 

132 
179 
157 
157 
082 

168 
183 
155 
118 
144 

127 
214 
120 
165 
133 
124 
095 

255 
122 
130 
189 
123 
132 
125 
188 
215 

43 
61 
67 

54 
61 
68^ 
66 
80^ 

48 
52 
49 
60 ' 
80 ' 

43 
57 ' 
46 
59 ' 
62 ' 
63 
7 5 ' 

52 
65 ' 
69 ' 
61 
64 ' 
85" 
96" 
63 
65 

46 
38 
33 

35 
37 
32 
32 
20 

42 
32 
39 
37 
20 

53 
36 
42 
36 
38 
37 
25 

43 
30 
20 
37 
36 
15 
04 
37 
35 

AGT 
(hours) 

Donor 
# 

45.0 
51.4 
55.3 

48.0 
51.4 
55 4 
55.3 
65 4 

45.0 
41.6 
44.2 
51.4 
65.4 

45.0 
44.5 
45.0 
51.4 
55.3 
55.3 
60,0 

48.0 
51 4 
50.7 
50 1 
53.1 
62 6 
69.2 
55 4 
53.4 

TM' Total Metaphases for 
AGT. Average generation 
' p<0 .05 ; ' ' p<0 01; x ^ -

cell kinetics; M l : 1*' cycle Metaphases 

time. 
Test compared to their respective control. 
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Table 2.6. Effect of OTC on cell kinetics in human peripheral blood 
lymphocytes In v/troa\one or along with BSO (5mM) 
andGSH(15mM). 

Experimental 
condition 

TIVI M1% IVI2% AGT 
(hours) 

Donor 
# 

Untreated 
lug ml'' 
3 
BSO+1 
BSO+3 
GSH+1 
GSH+3 

Untreated 
1ng mi'' 
3 
GSH+1 
GSH+3 

Untreated 
1ng ml"'' 
BSO+1 
GSH+1 

Untreated 
1ng ml"'' 
3 
GSH+1 
GSH+3 

214 
179 
158 
112 
100 
121 
117 

205 
179 
157 
155 
136 

195 
178 
112 
122 

236 
182 
178 
177 
184 

57 
62 
68' 
73' 
100*" 
62 
60 

59 
61 
68 
61 
68 

51 
62' 
75' 
66 

52 
63' 
74" 
64 
65 

35 
38 
32 
27 
00 
38 
40 

35 
37 
32 
39 
32 

41 
35 
25 
34 

38 
33 
26 
32 
31 

48.3 
51.4 
55.4 
57.6 
72.0 
52.1 
51.6 

48.6 
51.1 
54.9 
51.8 
54.5 

48.0 
51.4 
57.6 
53.7 

45.5 
50.8 
57.1 
51.6 
50.7 

10 

11 

12 

TM' Total Metaphases for cell kinetics 
AGT: Average generation time, 
' p< 0.05 • 

Ml : 1 cycle Metaphases 

*" p< 0 01; x^ - Test compared to their respective control. 

65 



Table 2.7. Effect of OTC alone or along with BSO (5mM) and GSH (15mM) on 
chromosomal aberration (CAs) in HPBLs in vitro. 

Experimental 
condition 

TM % Ab M Aberration % 
chdbk 

02 
06 
12 

03 
11 
11 

02 
12 
14 

02 
06 
06 

02 
08 
10 
09 
15 

01 
01 
02 
11 
34 

02 
02 
02 
04 
16 
13 
21 

02 
03 
02 
11 
14 
14 
19 
03 
13 

del 

— 
01 

— 
-

02 
02 

— 
01 

— 
— 
~ 
-

— 
— 
— 
02 

— 
— 
— 
— 
— 
-

— 
— 
— 
— 
— 
— 
— 
— 

Donor 
# 

Untreated 
lugml"^ 
3 

Untreated 
3|ig ml"^ 
BSO+ 3 

Untreated 
3ng ml ^ 
BSO+ 3 

Untreated 
1|.ig m l ' 
BSO+ 1 

Untreated 
lug m l ' 
3 
BSO+ 1 
BSO+ 3 

Untreated 
GSH 
BSO 
1 ng m l ' 
3 

Untreated 
GSH 
BSO 
1 ng ml"' 
3 
BSO+ 1 
BSO+ 3 

Untreated 
GSH 
BSO 
1 ng m l ' 
3 
BSO+ 1 
BSO+ 3 
GSH+ 1 
GSH + 3 

068 
084 
075 

073 
126 
111 

085 
103 
061 

063 
103 
109 

054 
101 
103 
082 
062 

136 
083 
085 
132 
100 

100 
080 
073 
087 
074 
091 
095 

114 
059 
069 
098 
101 
080 
096 
093 
119 

02 
06 
13̂ " 

03 
11" 
11 

02 
14" 
16 

02 
06 
07 

02 
08 
10' 
09 
15 

01 
01 
02 
11" 
16" 

02 
02 
02 
04 
16" 
13' 
21 

02 
03 
02 
11" 
14" 
14 
19 
03 
13 

TM, Total Metaphases, Ab M, Aberrant Metaphases 
test with respect to their respective control p< 0 05, " p<0 01, 2x2 contingency x • 
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Table 2.7. Effect of OTC alone or along with BSO (5mlVI) and GSH (15mM) 
on chromosomal at)erration (CAs) in HPBLs In vitro. 

Experimental 
condition 

Untreated 
I f igml^ 
3 
BSO+ 1 
BSO+ 3 
GSH + 1 
GSH+ 3 

Untreated 
1 ng ml ^ 
3 
GSH+ 1 
GSH+ 3 

Untreated 
1 ng ml ^ 
BSO+ 1 
GSH + 1 

Untreated 
1 ng mP 
3 
GSH + 1 
GSH+ 3 

TM 

085 
091 
100 
103 
084 
072 
079 

099 
102 
105 
080 
083 

112 
082 
062 
067 

117 
104 
072 
097 
104 

% AbM 

01 
10 
14" 
12 
17 
08 
14 

01 
07 
11^ 
06 
12 

02 
09' 
13 
05 

03 
06 
08 
07 
12 

Aberration % 
chdbk 

01 
10 
14 
12 
15 
08 
14 

01 
07 
10 
06 
11 

02 
09 
13 
05 

03 
06 
07 
06 
10 

del 

~ 
— 
— 
02 
— 
-

— 
01 
— 
01 

~ 
— 
-

— 
01 
01 
02 

Donor 
# 

9 

10 

11 

12 

TM, Total Metaphases, Ab M, Aberrant Metaphases 
' p< 0 05,' ' p<0 01, 2x2 contingency x^ - test with respect to their respective control 
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Table 2.8. Induction of SCEs by OTC in HPBLs In wYro along with BSO (SmiVI) 
andGSH(15mlVI). 

Experimental 
condition 

Untreated 
1ng mi"' 
3 

Untreated 
3jig ml'' 
BSO+3 

Untreated 
3ng ml"'' 

Untreated 
1|ig ml"'' 
BSO+1 

Untreated 
1ug ml"^ 
3 
BSO+1 
BSO+3 

Untreated 
GSH 
BSO 
1ngml"' 
3 

Untreated 
GSH 
BSO 
ing mi"^ 
3 
BSO+1 
BSO+3 

Untreated 
GSH 
BSO 
lugml"'' 
3 
BSO+1 
GSH+1 

TM 

47 
37 
25 

40 
45 
08 

55 
25 

36 
31 
27 

29 
30 
23 
25 
07 

35 
37 

m 
23 
27 

27 
26 
30 
35 
25 
22 
14 

46 
49 
88 
39 
25 
12 
40 

SCE/M 

6.5 
8.5' 
9.6" 

5.8 
8.1" 
8.8 

5.8 
7.4' 

50 
7.5' 
7.6 

5.7 
7.6' 
8.6" 
7.8 
9,5 

5.4 
5.3 
5.6 
6.5' 
8.8" 

5.4 
6 .1 ' 
6.2' 
7.4' 
8.0' 
7.1 
8.1 

52 
7.8^ 
6.4' 
8.5" 
9.8" 
8.5 
7.4 

0-3 

13 
00 
00 

13 
07 
00 

13 
00 

20 
07 
00 

21 
03 
00 
04 
00 

20 
13 
19 
09 
04 

15 
07 
14 
06 
04 
04 
00 

17 
12 
17 
00 
00 
00 
05 

Distribution % 
4-7 

55 
43 
14 

73 
33 
63 

69 
52 

72 
52 
52 

59 
47 
48 
32 
14 

57 
43 
51 
61 
33 

78 
69 
50 
54 
52 
52 
36 

74 
41 
49 
45 
13 
75 
45 

8-11 

30 
38 
59 

15 
51 
25 

13 
40 

08 
36 
44 

17 
50 
52 
60 
57 

23 
28 
21 
22 
42 

07 
17 
29 
37 
36 
37 
50 

09 
09 
29 
36 
58 
13 
50 

12> 

02 
19 
27 

13 
08 
13 

06 
08 

00 
06 
04 

03 
00 
00 
04 
29 

00 
16 
09 
09 
21 

00 
04 
07 
03 
08 
07 
14 

00 
00 
05 
20 
29 
13 
00 

H* 

0.48 
0.79 
0.63 

0.45 
0.67 
2.40 

0.66 
0.43 

0.79 
0.87 
0.55 

1.68® 
0.52 
0.71 
0.82 
0.87 

0.80 
1.24 
1.37 
0.90 
1.00 

0.63 
1.94® 
1,63® 
0.71 
1.09 
0.62 
0.71 

0.58 
0.53 
1,25 
0.79 
0.63 
1.19 
0.61 

Donor 
# 

1 

2 

3 

4 

5 

6 

7 

8 

TM ; Total Metaphases. H ; Dispersion co-efficient = variance/mean 
' p< 0 10; " p < 0 05; Student's t-test compared to their respective control. 
® Significantly different at a = 0 05 from Poisson distribution 
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Table 2.8. Induction of SCEs by OTC in HPBLs fn vitro along with BSO (5m M) 
and GSH (15mM). 

Experimental 
condition 

Untreated 
1^9 ml"'' 
3 
BSO+1 
GSH+1 
GSH+3 

Untreated 
1ng ml •' 
3ng mr̂  
GSH+1 
GSH+3 

Untreated 
lug ml'' 
BSO+1 
GSH+1 

Untreated 
iugmr' 

TM ; Total M 

TM 

39 
32 
33 
20 
30 
31 

37 
30 
25 
25 
21 

32 
39 
21 
23 

42 
34 

etaph 

SCE/M 

59 
6 7 
8.3^ 
8.0' 
7.2 
8.5 

58 
7 6*' 
7.8'' 
7.2 
8.5 

56 
8.8' 
96 
7.5 

55 
7 .1 ' 

ases. H*; Disp 

0-3 

13 
06 
00 
00 
07 
00 

16 
03 
00 
00 
00 

19 
00 
05 
00 

21 
00 

lersion co-

Distribution % 
4-7 

62 
59 
40 
35 
50 
31 

74 
55 
33 
57 
37 

72 
43 
22 
52 

60 
44 

-efficient = 

8-11 

21 
31 
50 
65 
40 
50 

09 
34 
56 
39 
47 

09 
38 
43 
43 

19 
44 

12> 

00 
03 
10 
00 
03.3 
19 

02 
06 
10 
04 
16 

00 
19 
29 
04 

00 
11 

•- variance/mean 

H* 

0.66 
0.69 
0.71 
0.26 
0.59 
0.61 

0.66 
0.71 
1.02 
0.59 
0.81 

0.57 
0.79 
1 12 
0.65 

0.71 
0.82 

Donor 
# 

9 

10 

11 

12 

' p< 0.10; p < 0.05; Student's t-test compared to their respective control. 
* Significantly different at a = 0.05 from Poisson distribution. 
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Fig. 2.1: Microphotographs showing Hoechist-Sunlight-Giemsa staining 
pattern of cliromosomes in mouse bone marrow cells in 
the presence of BudR. 

A. Normal one division cycle. 

B. Second division cycle (->) showing sister chromatid exchange (SCE). 
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Fig. 2.2: Microphotographs showing Hoechst-Sunlight-Giemsa staining 
pattern in human peripheral blood lymphocytes in presence 
of BudR. 

A. Normal one division cycle. 

B. Second division cycle (->) showing sister chromatid exchange (SCE). 

C. Third division cycle. 
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Fig.2.3: Microphotograph showing OTC induced aberration in human 
peripheral blood lymphocytes. 

A. One division cycle showing chromatid aberration (->). 
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Fig. 2.4 

Effect of OTC (15 mg kg'̂ ) with or without BSO and GSH on the 
frequency of AGT and Ml percentage in mouse BMCs. The plotted 
values are the means+ SEM. 
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Effect of OTC (15 mg kg" )̂ with or without BSO and GSH on the 
frequency of aberrant metaphase and SCEs in mouse BIVICs. 
The plotted values are the means + SEM. 
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Effect of OTC with or without BSO and GSH on the 

frequency of M1 and duration of AGT in l-JPBLs. 

The plotted values are the mean + SEM. 
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Literature Review 

One of the most outstanding developments in the field of metal 

compounds in medicine was Rosenberg's accidental discovery that platinum 

complexes possess anti-tumor activity (Rosenberg 1969). One of the first 

complexes discovered, cis-diamminedi-chloroplatinum(ll) or cisplatin 

(Blunden 1985). However, drug resistance of tumor cells (Johnson et al 

1993), toxicity (nephrotoxicity, ototoxicity, neurotoxicity) and side effects 

(emesis) frequently limit the clinical usefulness of cisplatin. 

Organotin compounds show a spectrum of biological activities and 

have been extensively studied as fungicides, bactericides, acaricides and 

wood preservatives (Evans e/a/1985; Saxena 1987). However, only scanty 

and scattered information is available on their activity against cancer, 

although some organotin compounds have yielded positive antineoplastic 

results against the P388 leukemia in mice than any other class of compound 

(Gielen 1986). These compounds have not receive much attention probably 

because the compounds tested have neither shown effectiveness against 

multiple types of cancer (Crowe 1984) nor produced test results which are as 

good as or better than those produced by the platinum compounds (Crowe 

1980). Organotin compounds are known to interact with cell membranes and 

with proteins. The moieties RnSn'̂  (n= 2 and 3) bind to proteins and 

glycoproteins of cell membranes, as well as to cellular proteins: for example, 

Et2Sn'̂  to ATPase and hexokinase of trout, feline and human erythrocytes 

(Musmeci 1992). Feline and rat hemoglobin form complexes with RnSn'̂  and 

Me2Sn'^ (Elliot e/a/1979). Species such as (Et2Sn)2 (hemoglobin tetramer) 

are formed, characterized by high affinity between tin and hemoglobin 

(Musmeci 1992). 

In 1973, Atushi e/a/reported the very high affinity of the tin to tumors. 

Although the first Organotin (IV) compound was tested for its anti-tumor 

activity in 1929, no systematic study was undertaken aften/vards and as a 

result only over 1500 organotin compounds had been tested in various 

tumors system by the end of 1981 (Narayanan et al 1985). Diorganotin 
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compounds (Frust 1963) showed the most profound activity. In 1980, Crowe 

etal published the first detailed report on the anti-tumor activity of a series of 

diorganotin - dihalides and pseudohalide complexes R2SnX2.2L (R = Me, Et, 

Pr, nBu or Ph; X = F, CI, Br, I; 2L = bipyridyl, phenanthroline, 2-

aminomethylpyridine; L = dimethylsulphoxide, pyridine etc.) A special feature 

of these complexes was that they were modeled on the active square-planar 

Pt(ll) complexes which have cis halogen groups. 

Much of the current interest dates back to the work of Brown in the 

early eighties, in her fundamental work, Brown noted that triphenyltin acetate 

exhibited anti-tumor activity in mice, whereas triphenyltin chloride was 

inactive (Brown 1972). She hypothesized that the degree of water solubility 

was an important factor in organotin anti-carcinogenecity. In vitro, 

antiproliferative and anti-tumor activity of two organotin (IV) carbohydrate 

compounds have been studied in different mouse tumor cell lines (Caruso et 

a/1993). They concluded that Sn-C bonded triphenyltin carbohydrates are 

less active than Ph3SnCI. In mice bearing Ehrlich ascites tumor cells, 

Diphenyltin (IV) and diphenylantimony(lll) derivatives of dithiophosphorous 

ligands inhibites tumor growth (Bara e/a/1991). 

The structure / activity relationship for diorganotin- dihalide complexes is that 

the Sn-N bond lengths appears to determine the anti-tumor activity (Crowe et 

a/1984). The more stable complexes exhibit lower activities. Those with an 

average Sn-N bond length larger than 2.39A° shows anti-tumor activity 

whereas those smaller than 2.39A° are inactive. This implies that a 

predissociation of the bidentate nitrogenous ligand might be a crucial step in 

the formation of tin-DNA complex (Gielen e/a/1986). 

It is widely believed that the effectiveness of many clinically useful anticancer 

drugs can be severely limited by the development of drug resistance. Tumor 

cells cultured in vitro, in particular those of human origin, were shown to 

contain extremely high levels of GSH (Biaglow et al 1983; Mitchell et al 

1985). It has been shown that tumor cells made resistant to some anti­

cancer drugs, e.g. melphalan, cisplatin and adriamycin, have increased 
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cellular GSH concentration (Green et al 1984; Hamilton et al 1985). An 

increased conjugation with glutathione has been proposed as a major 

mechanism in development of drug resistance towards alkylating agents. 

This has been attributed to the ability of GSH to compete with DNA for drug 

binding (Waxman 1993; Tsuchida, 1992). For these reasons much current 

interest has focused on techniques of reducing cellular levels of GSH prior to 

the treatment with anti-cancer agents. The ability of BSO to potentiate the 

anti-tumor activity of anticancer drugs has been demonstrated convincingly 

in vitro in human tumor cell lines for adriamycin, melphalan and cisplatin 

(Hamilton e/a/1985) and in uvVo for cyclophosphamide (Ono and Shrieve 

1986) bleomycin and cisplatin (Tsutsui et al 1986). Therefore, an 

assessment of the influence of GSH on the anti-tumor activity of OTC is 

important since there is a growing list of new approaches to cancer therapy 

which do not rely only on the ability to block cell proliferation. 
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Materials and Methods 

Anti Tumor Test 

The Anti Tumor Activity of the new organotin compound Et2SnCi2.L {L=N-[p-

(2-pyridylmethylene) methylbenzenamine]} was carried out in accordance 

with the U.S. National Cancer Institute standard protocols for primary 

screening. 

The evaluation of this activity was established by computing the T/C value, 

which is the median survival time of the treated group if animals (T) divided 

by that of the control group (C). 

The T/C ratio is given as a percentage. A compound is termed active if it has 

a T/C percentage > 120% (Anon 1978). 

Materials: 

Dalton's Lymphoma Cells.(DL cells) 

Described earlier in chapter 1. 

Reagents: 

Et2SnCl2.L {L=N-[p-(2-pyridylmethylene) methylbenzenamine]} (OTC). 

A working solution of 1mg ml"̂  was freshly prepared in 2% ethanol; the 

desired concentration was directly injected intraperitoneally in mice from the 

working solution. 

DL-Buthionine-(S,R)-Sulfoximine (BSO, Sigma, USA) 

Freshly prepared before used at a concentration of 1mg ml"̂  in double 

distilled water. 
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Method: 

The animals were divided into 4 groups of at least 10 animals each except 

one group, were only 5 animals were used and treated with cisplatin for the 

purpose of comparison. 

Group 1: 1 x 10® Dalton's Lymphoma cells were inoculated and the survival 

time of each animal was recorded. 

Group 2: 1 X 10^ Dalton's Lymphoma cells were inoculated followed by OTC 

treatment on Day 1, 5, and day 9 at a dose of 15 mg kg"\ The survival time 

of each animal was recorded in days. 

Group 3: To this group, DL-Buthionine-(S,R)-Sulfoximine (BSO) at a dose of 

50 mg kg'^ dissolved in double distilled water(1mg ml'^) was injected 24 

hours before OTC treatment. 

Group 4: Cisplatin (1mg kg"̂ ) was treated to this in a similar manner as that 

of group 5. This was done only as a comparative study. 

DL cell kinetics 

Method: 

OTC was treated on the 1^', 5"̂ , and 9"̂  day after transplantation of tumor 

cells. On the 10'̂  day, the ascites fluid was collected washed in RPMI 1640 

medium and these samples were cultured in RPMI 1640 medium 

supplemented with 10% heat inactivated new born calf serum and a growth 

factor Insulin-Transferrin Selenium A supplement (Gibco,USA), lOpil ml"̂  

medium and incubated at 37°C. To obtained differential sister chromatid 

staining, 6|ig ml"̂  BudR was added to the cultures. Cells were harvested at 
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48h, and colcemid (0.01 |.ig m l ) was added 8h prior to termination of 

cultures. 

Fixation of cells, metaphase preparation and differential staining procedure 

were similar to that of in vitro studies described earlier. 

Results 

Anti-tumor activity 

The Treated / Control values are given in Table 3.1. Data indicate the very 

high activity of OTC on DL cells. The T/C value was 146% when OTC was 

treated on the 1^', 5'̂  and Q*'̂  day after transplantation. However, this T/C 

value was much below that of cisplatin treatment. The dose of cisplatin (Img 

kg"̂ ) is equivalent to 15 mg kg"̂ ) OTC, since both showing similarity in the 

induction of chromosomal aberrations in mouse bone marrow cells (Table 

3.2). The observed T/C value of the OTC further improved considerably 

when BSO was treated on the 4'^and 8'̂  day (24h before OTC treatment) 

after transplantation. BSO alone showed an insignificant T/C value (Fig.3.1). 

DL - cell kinetics 

Table 3.3 shows the frequency of M1% and M2% cells. The percentage of 

M1 was higher in OTC treated sample indicating a delay in cell cycle 

progression. The range of M1 was 71 to 82% and 86 to 100% in untreated 

and OTC-treated samples respectively. The AGT was significantly increased 

in the groups treated with OTC. 
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Discussion 

Over the last few years, the use of organotin compounds as a 

pharmaceutical products had received the much-needed attention among 

many organo-metallic chemists and biologists. It has been reported in the 

literature that various organotin material retard both onset and growth of 

cancer in mice (Cardarelli e/a/1984; Carrara e/a/1989; Geilen e/5/1995; 

Geilen et al 1996). The results indicate that the present OTC inhibits cell 

proliferation and shows anti-tumor potentialities, which is influenced by the 

endogenous GSH-level. Treatment with BSO produces a rapid decrease in 

the GSH levels of the various tissues (Lee e/a/1987). In DL-cells the total 

GSH estimated indicates that 4 and 24h incubation with BSO (50 mg kg"̂ ) 

could deplete 75% and 47% of endogenous-GSH level respectively with 

respect to control. Such a huge level of depletion could probably be the 

reason for the inability of the tumor bearing-mice to survive when OTC was 

treated 4h post BSO treatment. Interestingly, it has been observed in this 

study that OTC alone increased the endogenous GSH significantly in DL-

cells, which could be associated with the cells resistance to OTC. In the 

present study it is possible that OTC treatment after 4 and 10h of BSO 

treatment could not increase endogenous GSH due to impairment of GSH-

synthesis by single BSO treatment and therefore the toxicity of OTC 

increased which could be the reason for increased mortality when OTC was 

given after BSO-treatment. Keeping this in mind, OTC was treated 24h after 

BSO treatment in the anti-tumor study. Studies on several cell lines showed 

that cellular glutathione levels are greatly increased. This may be because 

cells synthesize GSH rapidly in response to stress. High level of GSH makes 

many tumor cells resistance to chemo-and radio-therapy (Meister 1994). 

GSH may also have a role in modulating the mode of cell death following 

toxic injury (Fernandes et al 1994). The observation that GSH depleted 

leukemia cells undergo necrosis when exposed to melphalan, while non-

GSH depleted cells undergo apoptosis supports this hypothesis (Fernandes 
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et al 1994), in addition GSH is an antioxidant and a scavenger of free 

radicals (Deleve 1991). 

With regards to the mode of action of anti-tumor active organotins, no 

explanations are presently available from results obtained with tumor cells. 

On the basis of studies of Crowe et al it seems unlikely that organotins 

compounds will interact with DNA by cross-linking Sn with suitable oriented 

nitrogen bases as appears to explain the anti-tumor activity of cisplatin and 

its analogs. But, in the present study, the compound under investigation has 

a bidentate ligand L {L=N-[p-(2-pyridylmethylene) methylbenzenamine]}, 

which ensure that the resulting octahedral complex possessed cis-halogens, 

the ligand L makes this new complex structurally similar to cisplatin. 

Since its discovery by Rosenberg, a wealth of information has been 

published on the interactions of cisplatin with nucleotides and DNA (Sherman 

e/a/1987; Reedijk e/a/1987). These studies have supported the theory that 

cisplatin enters healthy as well as tumor cells and then reacts specifically 

with intracellular DNA, thus inhibiting proliferation. This theory also appears 

to be true in the case of the present OTC. It was observed that there was a 

delay in the cell cycle kinetics of DL-cells. The M1% increased significantly in 

OTC-treated samples compared to untreated ones. The precise molecular 

nature of the different adducts formed from cisplatin and DNA has been 

extensively studied (Sherman e/a/1987; Reedijk eta/^987). The complexes 

are believed to lose their chloride ligands and the metal subsequently co­

ordinates with suitably oriented nitrogenous bases of DNA (Prestayko1980). 

Cisplatin favors binding to the N7 atom of the DNA base guanine which can 

result in inter- or intra- strand cross-linking of adjacent or opposing guanine 

moities as well as cross-links between guanine and a protein molecule (Kratz 

1998). The original concept seems to hold that N7 position is important for 

chemotherapy (Brookes 1990). Since the tin complexes were structurally 

similar to those of platinum, it is expected that their mode of action would 

also be similar. 
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As far as the mechanism of action of the other organotin compounds 

is concerned, only tentative hypotheses can be formulated. Among all, it 

appears that they might act through the thymus and likely the lymphatic 

system (Cordarelli et al 1984) by disturbing cellular glucose metabolism, 

energetic and macromolecular synthesis (Penninks e/a/1990). 

Since soluble organotins of varying types, introduced orally or by injection in 

mice, are concentrated in the thymus gland and tin content in tumors is lower 

compared to normal tissue, it is also hypothesized that these compounds are 

converted to anticarcinogenic organotin in the thymus, probably in a steroid 

form that kills tumor cells or prevents their proliferation (Barbieri 2000). 

Whether all or any of these mechanisms contribute to the observed 

anti-tumor activity of OTC remains to be determined. The observations that 

OTC possesses cytotoxic activity and anti-tumor potential against Dalton's 

Lymphoma cells development in experimental animals have significant 

implications for the future development and management of the drug. The 

purpose of cancer treatment in experimental animals and in humans is to 

reduce the viable tumor cell population to a number below which the cells 

surviving drug treatment are not to re-establish the grossly evident and 

ultimately fatal disease. Cure is the desired final goal (Schabel 1978). 

78 



Table 3.1 Anti-tumor activity of OTC (15 mg l<g'̂ ) towards Dalton's Lymphoma. 

Exp. 
Condition 

Untreated 
BSO 
OTC 
BSO+OTC 

Cisplatin 
Img l̂ g"' 

No. of 
animals 

10 
02 
11 
10 

05 

BSO 
treatment 
(days) 

4.h ^gth 

-
< 8 * * 

OTC 
treatment 

(days) 

-
.jStgthQth 
^Stgthgth 

.jSt^gthgth 

Median 
survival 

Range 
survival 

time(days) time(days) 

13 
13 
19 
25 

35 

10-16 
11-13 
14-28 
19-31 

22-39 

T/C 
% 

100 
146 
192 

269 

* 24 hours before OTC treatment. 

Table3.2 Effect of cisplatin and OTC on chromosomal aberration 
induction in mouse bone marrow cells 

Cispatin (Img kg'̂ ) OTC(15mgkg"^) 

TM Ab. M(%) TM Ab. M(%) 

116 
106 

1.75 
2.80 

128 
103 
201 

1.56 
2.91 
3.98 

TM; Total Metaphases. Ab.M; Aberrant metaphases. 
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Table 3.3. Effect of OTC (15 mg kg'̂ ) on cell cycle kinetics of Dalton's 
lymphoma cells in vitro fixed at 48 hours. 

Expt. 
Condition 

Untreated 

OTC 

TM 

099 
085 
090 
106 

078 
079 
091 
075 

M1% 

079 
082 
076 
071 

086 
094 
100 
100 

M2% 

21 
18 
24 
29 

14 
06 
00 
00 

Mean M1% 
+ SEM 

77 ± 2.34 

95 + 3.31" 

AGT 
(H) 

40 
40 
40 
37 

44 
46 
48 
48 

Mean AGT 
+ SEM 

39.25 + 0.75 

46.50 + 0.95 

TM; Total Metaphases. M l ; 1 cycle metaphases. 
* p<0.05 2x2 contingency -^ - Test. 
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Fig 3.1: Microphotographs showing Hoechst-Sunlight-Giemsa staining 
pattern of cliromosomes in Dalton's lymphoma cells grown in the 
presence of BudR. 

A. One division cycle showing marker chromosome (->), 

B. Two division cycle. 
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Fig. 3.2 

Antitumor activity of OTC and cisplatin against 
Daiton's lymphoma transplanted in mice. The 
T/C value is given in percentage. 



Docs Ei,Sf\a,X {L=M''[p-(2-
pv<nt)v<lmctliv|lcnc)mctliv|1bcnrctiaimmc]} 

\nt>ucc cell bcMli? 



Literature review 

The evidences gathered so far, in this study indicates that this new 

compound shows genotoxic properties as well as anti-tumor potentialities. 

Endogenous GSH level also have proved to be an important factor in both 

cases. In continuation with the results obtained in the previous chapters, the 

analyses of cell death and the pattern of such cell death has been performed 

In order to determine the mechanistic aspects of the anti-tumor potentiality of 

the present compound. 

Apoptosis is well recognized as a distinct pathological mechanism in 

tumors responding to anticancer therapies (Eastman 1990; Dive and 

Hickman 1991). Hence, it seems plausible to also determine if the present 

OTC induces cell death. Apoptosis is a distinct form of cell death that 

involves an intrinsic normal cell death program. It is encoded intrinsically by 

a "suicide" genetic program that is triggered when cells are exposed to 

certain intracellular or extra-cellular stimuli (Wyllie 1980; Arends and Wyllie 

1991). Normal cell death was first observed during amphibian 

metamorphosis in 1842. It was soon found in many developing tissues in 

both invertebrates and vertebrates (Jacobson 1997). In 1972 Kerr and his 

colleagues introduced the terminology "apoptosis" to provide a distinction 

between this cell death that occurs in both animal development and tissue 

homeostasis and on the other hand pathological cell death (largely known as 

necrosis) that occurs in acute lesions from trauma and ischemia (Kerr et al 

1972). Apoptosis is distinct from necrosis in several ways. Unlike necrosis, 

apoptosis is generally not associated with inflammation. Apoptotic cells are 

somehow recognized and engulfed by neighboring cells and macrophages, 

leaving the tissue with minimal damage. Gene transcription and protein 

synthesis are often required for cells undergoing apoptosis but not for 

necrosis, indicating an active role for newly synthesized gene products. In 

addition, apoptosis is usually associated with the activation of specific 

endonuclease that cleaved DNA between nucleosomes, leading to 
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chromosomal degradation. It is now widely recognized that apoptosis is 

important for normal tissue turnover, because it allows for the precise 

regulation of cell numbers. It is now clear that apoptosis also serves as a 

defense mechanism, eliminating potentially dangerous cells, such as virus 

infected cells and cells exposed to toxins or other adverse environmental 

conditions (Thompson e/a/1995; Meyn e/a/1996). 

Genetic evidence also indicates that activation of apoptosis is an 

important event for tumor suppression. Over half of human cancers have 

mutations in p53, a gene that is important for induction of apoptosis under 

genotoxic stress (Hollstein e/a/1991; Levine e/a/1991). If cell proliferation 

and cell death are thought of as a ratio, then tumor mass will increase if 

proliferation increases or death decreases. This new understanding is 

beginning to open up new approach to cancer therapy, focusing on devising 

mechanisms to stimulate selective apoptotic death of cancer cells and 

consequently reduce tumor mass (Hickman 1992). 

Materials and Methods 

Trypan Blue Viability Test 

The fact that viable cells do not take up certain dye whereas dead cells do 

was utilized to determine the possible mode of action of OTC. The cell 

viability test was determined after different timings of the drug treatment. 
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Reagents: 

1. Preparation of Trypan Blue stain: 

(a) Trypan blue 0.4g (Hi Media Laboratories Pvt. Ltd. India) 

(b) Sodium Chloride 0.81 g (NaCI; Merck India Ltd.) 

(c) Dipotassium Hydrogen Phosphate 0.06g (K2HPO4; Merck India Ltd.) 

(d) Methyl - p - hydroxybenzoate 0.05g ( Loba Chemie Pvt. 

Ltd.) 

All the above reagents were mixed together along with 95 ml 

double distilled water heated until it is completely dissolved. 

After cooling the pH is adjusted to 7.2 to 7.3 with 1N NaOH. 

2. Hanks' balance salt solution. (HBSS) 

3. Culture media (RPMI 1640: Hycione, USA.) 

Methods: 

DL cells viability was measured after 7 days of intraperitoneal transplantation 

by counting cells stained in Trypan blue after 2,4,17,and24 hours of OTC 

treatment. When BSO was used, it was treated 24h before OTC treatment. 

The cell suspension was centrifuged in media at 5000 rpm for 5 minutes, the 

supernatant was discarded and the cells were resuspended in 1.0 ml HBSS, 

Ca^^ and Mg^*- free. 

1 mi of Trypan blue dye was added and after 4 - 5 minutes the viability of the 

cells was checked under a microscope. Dead cells take up the stain while 

live ones do not (Fig 4.1). At least 1000 cells were considered and the result 

was expressed in percentage. 
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Detection ofApoptosis 

Reagents: 

1. Methanol / Acetic acid (Merck India Ltd.) at a ratio of 20:1. 

2. Haematoxylin and Eosin Stain (s.d's fine chemicals India Ltd.) 

3. Phosphate buffer saline (PBS tablets, pH 7.4) 

Methods: 

For light microscopic observation, the method of Vral et al (1987) was 

followed. DL cells were washed in PBS and fixed in suspension using 

methanol / glacial acetic acid (20 / 1). After 30 min fixation, the cells were 

centrifuged, concentrated in a small amount of fixative and dropped gently 

onto slides with a Pasteur pipette. After air-drying, slides were stained with 

haematoxylin and eosin during 40 min at 40°C. 1000 cells were scored from 

each sample. DL cells with a pyknotic nucleus were scored as apoptotic; 

cells containing a normal nucleus with dispersed heterochromatin were 

scored as viable. (Fig. 4.1) 

Results 

Trypan Blue Exclusion Test 

The percentage of Dead cells was observed in the Trypan Blue dye 

Exclusion Test after OTC treatment with and without BSO is presented in 

Table 4.1. In untreated samples 5.5% dead cells was observed. The number 

of dead cells increased linearly in samples collected 2,4,17 and 24h after 
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OTC treatment. This increased further at 17 and 24h samples when BSO 

was treated 24h before OTC treatment. It is worth mentioning that BSO 

alone-induced cell death and therefore it is necessary to consider that BSO 

per se induced an increase of 4.9% with respect to untreated samples. This 

means that considering the additive increase of BSO + OTC induced an 

increase of 4.9+11.9=16.8 dead cells per 100 cells at 17h of sampling time 

which was compared with the observed increase of 21.6% indicating 29% 

increment. The data in Table 4.1 also shows the percent increment of dead 

cells in combined treatment. This enhancement was clear at 17 and 24h 

samples whereas 2 and 4h samplings, BSO could not increase the number 

of dead cells induced by OTC. 

Induction ofApoptosis 

In order to evaluate the apoptotic induction ability of OTC a simple and crude 

method by light microscopy has been made and the data presented in Table 

4.2. Lymphoma cells with pyknotic nucleus were scored as apoptotic and 

cells containing a normal nucleus with dispersed heterochromatin were 

scored as viable. Light microscopy scoring of apoptotic cells were performed 

in untreated, BSO, OTC and BSO+OTC treated samples. The number of 

OTC treated apoptotic cells was obtained by subtraction of the number of 

cells scored as apoptotic in the control samples from the total number of 

apoptotic cells scored in the OTC treated samples. Both OTC alone and in 

combination with BSO showed significant increase in the apoptotic induction 

after 24h of OTC treatment with respect to their respective control. Since 

BSO alone showed slight increase in percentage of apoptotic cell death with 

respect to control, an additive effect of both BSO and OTC when both were 

combined were also considered. Data presented in Table 4.2 indicate that 

expected increase in combined samples is 4.69% but the observed increase 

was 7.72%, which indicates a 64% increment. 
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Discussion 

Apoptosis is well-recognized pathological mechanism in tumors 

responding to anticancer therapies (Eastman 1990; Dive and Hickman 

1991). Present observed increase in survivality of mice described in the 

previous chapter could be due to both inhibiting cell proliferation and 

subsequently killing the cells by the OTC. The OTC induces delay in cell 

kinetics in mouse bone marrow cells and such inhibition in cell proliferation 

has been reported for dibutyltin chloride (DBT) and trimethyltin chloride 

(TMT) in normal isolated B cells (De Santiago et al 1999) and in DNA 

synthesis in mouse spleen cells (Al-lmara e/a/1993). Evidences are also 

there for several organotin compounds, which exhibited antiproliferative 

activity against tumor cell lines and retard both the onset and growth of 

cancer in mice (Carrara e/a/1989; Gielen e/a/1996). Therefore, it could be 

inferred that the OTC increased the life span of tumor bearing mouse by 

inhibiting cell proliferation. However, it has been reported that organotin 

compounds increase cytosolic Câ "̂ , alter functionality and induce apoptosis 

in rat thymocytes (Peiters et al 1994; Gennari et al 1997) and in vitro 

exposure diminish the viability of mouse spleen cells and 8 cell hybridoma 

(Al-lmara e/a/1993; Thompson e/a/1996). Therefore, we have pursued 

further study in order to see whether the OTC also induces cell death or not. 

Trypan-blue dye exclusion assay indicate that there was an increase in cell 

death after 17 to 24h of OTC-treatment and this was increased further when 

BSO was treated 24h before OTC-treatment. Diphenyltin (IV) has been 

tested in vitro and in vivo against Ehrlich ascites tumor and exhibited 

inhibitory effects on cell proliferation, viability and protein synthesis (Bara et 

a/1991). It has been shown that both DBT and TMT induced apoptosis, cell 

death and decreased proliferation in stimulated 72h cultured B-cells (De 

Santiago 1999). Stridh et al (1999) demonstrated that tributyltin and 

triphenyltin could kill target cells by triggering apoptosis in human Hut-78 and 

Jurkat T-lymphocyte cell-lines by increasing the caspase activity. Therefore, 
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in order to know whether, the present observed cell death could be partly 

due to apoptotic cell death or not we have analyzed apoptotic cells under 

light microscope. The results indicate that 24h after OTC-treatment there 

was significant increase in apoptotic cell death and interestingly such 

increase was more when BSO was treated 24h before OTC-treatment. It 

was demonstrated earlier that GSH might have a role in modulating the 

mode of cell death following toxic injury (Fernandes e^ a/1994). The role of 

GSH in modulating the cytotoxicity of platinum complexes (Pendyala et al 

1997) and Gamma radiation (Chattopadhyay 1999) by affecting DNA-repair, 

apoptosis and free radical scavenging has also been demonstrated. 

Markovie e/a/(1997) also showed that depletion of cellular thiol levels by 

exogenous thiol-modifying agents susceptibility to radiation-induced 

apoptosis was restored in the LY-ar cell line. Therefore, present data 

indicate that the OTC could induce apoptosis, and such induction was more 

in GSH-depleted condition. This could also explain why OTC treatment in 

BSO-treated mice showed less delay in cell proliferation since the number of 

first cycle cells could probably decrease due to apoptotic death (Data shown 

in chapter 2). 

It is very important to know how apoptosis is triggered because this 

maybe necessary for successful treatment. Do genes such as E1A, p53, myc 

etc that induce apoptosis do so through the same biochemical pathways by 

which they regulate the cell cycle? It is attractive to think so, but few 

mechanistic details are known. In order for cell growth and development to 

occur, the cell cycle arrest and apoptotic functions of p53 and other family 

members need to be tightly regulated and activated only when necessary 

and appropriate. It has now become clear the activity of p53 is regulated 

primarily through control of protein stability (Kubbutat and Vousden 1998). 

It may not be incorrect to feign that cell cycle delay and apoptosis 

observed in this study may occur in a p53-dependent manner. p53-induced 

apoptosis is induced by DNA-damage, hypoxia or chemotherapy (Levine 

1997). In most cases, p53 induced apoptosis appears to be independent of 
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its transcriptional function because it occurs in the presence of protein 

synthesis inhibitors. Protein-protein interaction bet\Aeen p53 and factors 

involved in the DNA repair mechanism can account for additional ways by 

which p53 induces apoptosis without transcriptional activation (Wang 1995). 

The extents of DNA-damage and p53 protein levels are factors that 

contribute to making the choice between life and death. It may be that during 

p53-induced cell cycle arrest, the cell attempts to repair damage, but if the 

damage is too extensive to be repaired, the cell is then committed to die 

(Levine 1997). 

The tremendous increase in our understanding of apoptosis and its 

relevance to cancer has produced both good news and bad. The good news 

is that striking connections have been made among p53, apoptosis, 

oncogenesis and treatment outcome. The bad ne\NS is that p53 disruption is 

extremely common in human cancers. (Fisher 1994) A major mode of 

resistance to anti-tumor treatments may be insensitivity to apoptosis 

induction. These conclusions stem from studies of select cell types, 

oncogenes and apoptosis triggers. Their application to most human cancers, 

if verified, stands to revolutionize our approach to cancer therapy. 

88 



Table 4.1. Number of dead cells caused by OTC (15mg kg'̂ ) alone or with BSO (50 mg kg'̂ ) 
in Dalton's Lymphoma cells. 

Exp. No. of Cells Mean Range Dead cells Increment 
condition animals collected Dead cells Dead cells Observed Expected Increment % 

(dead) after(h) % % 

Untreated 10(0) 
05(0) 2 
05(1) 4 
10(3) 17 
10(3) 24 

05.5 ± 0.33 
09.8 ± 0.70 
11.4 ± 1.30 
17.4'± 3.18 
22.4'± 2.64 

04.1 - 06.9 -
09.0-10.7 04.3 
09.2-15.2 05.9 
07.1-28.3 11.9 
10.2-31.8 16.9 

BSO-

BSO + 
OTC 

10(0) 

05(1) 
05(1) 
10(4) 
10(4) 

24 

2 
4 
17 
24 

10.4 + 0.62 

11.1 ± 1.06 
11.5 ± 1.19 
27.2'+ 1.98 
30.6^^+ 1.73 

07.7-13.5 04.9 

09.1 
09.1 
20.8 
24.2 

14.1 
14.9 
34.0 
36.0 

05.6 
06.1 
21.7 
25.1 

09.1 
10.8 
16.8 
31.8 

Not increased 
Not increased 
29% 
15% 

' p<0.001 2x2 contingency x 
^ p<0.05 2x2 contingency -^ 

Test; compared with control value. 
• Test; compared with OTC (24h) only. 
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Table 4.2. Percentage of Apoptotic cells observed after treatment with OTC 
(15mg kg ) alone or in combination with BSO (50mg kg'̂ ) in Daiton's 
Lymphoma Cells. 

Expt. Fixation time Apoptotic Mean±SEM Observed Expected Increment 
condition (h) cells % increase Increase (%) 

Untreated 

BSO 

OTC 

BSO + 
OTC 

24 

24 

24 

02.90 
02.50 
02.02 
02.80 
02.70 
03.43 
03.27 
03.37 
03.75 
06.10 
07.50 
05.80 
06.50 
06.19 
11.50 
11.60 
08.90 
09.10 

02.58 ±0.34 

03.45 ±0.27 

06.40* ± 0.65 

10.30* ±1.47 

0.87 

3.82 

7.72 4.69 64 

In each sample at least 1000 cells were considered. 

*p<0.001 2x2 contingency ^ - Test; compared with their control value. 
*p<0.01 2x2 contingency x - Test; compared with their control value. 
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Fig.4.1: Microphotographs showing cell death in OTC-treated Dalton's 
lymphoma cells. 

A. Trypan Blue Dye Exclusion Test (->) showing non-viable cell. 

B. Apoptotic cell (-^) showing pyknotic nuclei after fixation with 
methanol/acetic acid. 
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Organotin compounds are organometallic compounds having varying 

degrees of toxicological properties They are known to interact with cell 

membranes and with proteins. The toxic action of many organotin 

compounds has been ascribed to their tendency to combine with coenzymes 

and enzymes possessing dithioi group. Our current knowledge on cellular 

effects of organotins is mainly restricted to studies with cells of the immune 

system because of the predominant immunotoxic effects of various organotin 

homologues. Organotins have also been known to increase cytosolic Ca^*, 

alter functionality and induce apoptosis in rat thymocytes. Several of these 

compounds shov\/ed positive antineoplastic effect against the P388 leukemia 

in mice. But, organotins have not received much attention as the platinum 

compounds had, probably because those tested have neither shown 

effectiveness against multiple types of cancers nor produced test results 

wtiich are as good or better than those produced by the platinum 

compounds. There are also loopholes in available literatures that make it 

difficult to assess the relative mutagenic potential of these compounds. A 

structural correlation with biological activity for diorganotin complexes has 

shown that active species are associated with complexes having Sn-N bond 

length longer than 2.39 A° which in turn would determine the formation of tin-

DNA complex. The present new compound Et2SnCl2 L {L=N-[p-(2-

pyridylmethylene) methylbenzenamine ]} (OTC) has an Sn-N bond length of 

2.46A° which is larger than 2.39 A° and is expected to facilitate the 

formation of tin-DNA complex. 

Depending on their structure, most DNA adducts either slow or block 

DNA replication. This event may itself lead to arrested cell division and / or 

DNA damage (Weinberg 1989). Given the fact that, the present tin 

compound is believed to lose its ligand, facilitating the formation of tin-DNA 

adduct, it seems logical to conclude that the drug directly attacks the DNA 

and producing its genotoxic potentialities 

In this study, OTC has been subjected to investigations such as the 

antiproliferative and genotoxic activity against mammalian cells both in vivo 
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and in vitro in relation to the cellular GSH-level since it play an important role 

in cellular defense mechanisms. 

The levels of GSH were estimated in both the normal as well as the 

tumor systems used in the present investigation. This was carried out with 

and without BSO treatment and also after OTC treatment following the 

method of Akerboom and Sies (1981). The activity of GSTs was also 

determined post OTC treatment by the method of Habig e/a/(1974). 

Genotoxic studies were carried out in vivo and in vitro and the 

endpoints determined were cell cycle kinetics, chromosomal aberrations and 

sister chromatid exchanges. In in vivo system, OTC 15mgkg'̂  was injected 

intraperitonially into male Swiss albino mice aged 2-3 months weighing 25-

30g, 30 mins after subcutaneous implantation of BrdU tablets. BSO 200 mg 

kg'̂  injected ip 10 hrs prior to OTC treatment. When GSH was used, it was 

added 30 mins after the implantation of the BrdU tablets and OTC was 

treated 30 mins after GSH treatment. For the in vitro system, heparinized 

peripheral blood from healthy male donors was used immediately after 

venipuncture. OTC (land 3 ngml"̂ ) was added to the blood for 2 hrs. BSO (5 

mM) was added into 1 ml aliquot of whole blood for 3hrs and then OTC was 

added. In the sample where GSH was used, it was added 30 mins before 

OTC treatment. The samples were incubated at 37°C with medium 

RPMI1640 supplemented with 10% heat inactivated serum following PHA 

stimulation. For the differential staining, Sugml'̂  BrdU was added to the 

cells at the initiation of the cultures. Cells were harvested at 72 hrs adding 

colcemid 3 hrs prior to the harvesting time. 

The antitumor activity was measured in Dalton's lymphoma cells, 

v^ich were maintained by serial intraperitonial transplantation in 3 months 

old Swiss albino mice using an inoculums size of 10^ cells per mouse. This 

was carried out in accordance with the US National Cancer Institute standard 

protocol for primary screening. Some preliminary work was also done to 

determine the mechanism of action of OTC on DL cells. For this, the DL cell 

cycle kinetics study was carried out in vitro, and cell death was determined 
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by the Trypan Blue dye exclusion test. Apoptotic studies were also carried 

out using light microscopy. 

From the present study, the following conclusions can be drawn: 

1. OTC-treatment alone increases the endogenous GSH level in both the 

normal and tumor systems. The activity of glutathione-S-transferases 

was also enhanced post OTC-treatment. 

2. OTC induces genotoxic effects in normal as well as tumor system. 

• Induces delay in cell-cycle kinetics in mouse BMCs, HPBLs 
and DL cells 

• Significant level of CAs in HPBLs, but not in mouse BMCs 

• Significant level of SCEs induction in both in vivo and in vitro 

systems. 

• Trypan Blue dye exclusion assay indicates that OTC induces 

cell death. 

• Triggers apoptotic cell death in DL cells. 

• The genotoxic effect is more pronounced in presence of a 

GSH-depleting agent in all systems. 

3. OTC increases the survivality of DL-bearing mice and this improved 

further when BSO is treated before OTC-treatment. 

4. From the preliminary studies, it appears that cell-cycle delay and 

apoptosis induced by OTC is dependent on the p53 protein. 

There are two strategies in the development of a new anticancer drug, 

first is to screen the potential agents for cytotoxic properties and then to test 

these agents for their effectiveness against tumor cells. Again, it is 

mandatory to screen new drugs for their mutagenic effect before they are 

released. Keeping these facts in mind, the present investigation was 

undertaken and the objectives achieved 
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Diorganotin(IV) dichloride complexes of the 
type RjSnCli L (R = methyl, ethyl, vinyl, t-butyl, 
n-butyl or phenyl; L = A'̂ -CZ-pyridylmethyl-
ene)arylamine) have been synthesized and char­
acterized on the basis of IR, NMR and ^̂ 'Sn 
Mossbauer studies. Investigation of the com­
plexes indicated that A'̂ -Cl-pyridylmethyl-
ene)arylamines form distorted /rans-octahedral 
complexes with R2SnCl2 similar to the well-
known R2SnCl2L. Cytogenetic toxicology test­
ing has been performed for Et2SnCl2L^ [L** = N-
(2-pyridylmethyIene)-4-toluidine] in mouse 
bone-marrow cells in vivo since such testing is 
a regulatory requirement before new drugs are 
released. This tin compound induced delay in 
cell-cycle kinetics and sister chromatid ex­
changes (SCEs) significantly. The effect of 
Et2SnCl2-L^ was greater when endogenous 
glutathione (GSH) was depleted by buthionine 
sulphoximine (BSO). It seems that Et2SnCl2 L̂  
induces SCEs due to formation of adduct by 
binding on DNA which could interfere in DNA 
synthesis and cause delay in cell proliferation. 
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Depletion of GSH could reduce the shielding 
effect of GSH on chromatin and allows more 
EtzSnCIj L"* to bind on DNA. © 1998 John 
Wiley & Sons, Ltd. 
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INTRODUCTION 

Diorganotin(IV) compounds, R2SnCl2 (X = anion) 
are often tetrahedral, and when appropriate nitro-
gen-chelating ligands are co-ordinated to the 
central metal, octahedral complexes R2SnCl2L 
(L = bidentate ligand) are obtained. ̂ '̂  These com­
plexes structurally resemble the active platinum 
compounds, i.e. d5-diamminedichloroplatinum(II) 
(cisplatin) and d5-diammine(cyclobutane-l,l-di-
carboxylato)platinum(II) (carboplatin), and conse­
quently a large number of such complexes have 
been tested for antitumour and anticancer activity. 
A structural correlation with biological activity for 
diorganotin complexes has shown that active 
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