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DISCUSSION 

In mammalian cells under normal physiological conditions more than 98% of 

glutathione exist in the reduced form (GSH) at intracellular concentration of 0.5 to IOmM 

(Arrick and Nathan, 1984). GSH plays an important role in cell defense mechanisms by 

acting as an antioxidant or by reacting with electrophiles (Deleve and Kaplowitz, 1991 ). 

GSH can react with many toxic agents to form conjugates which are eliminated from the 

cell (Meister, 1991). While this mechanism confers protection against many types of toxins, 

it can also counteract the effects of many chemotherapeutic agents including platinum 

drugs. Elevation of GSH in cellular resistance to platinum agents have been reported in 

several human and murine tumour cell lines (Hamilton et. al., 1985; Chen et. al., 1995; 

Pendyala et. al., .!997). In vitro and in vivo conjugation reactions of GSH with platinum 

agents and active elimination of GSH-Pt conjugates has been demonstrated in murine 

Ll210 cells and human leukemia HL60 cells (Ishikawa and Ali-Osman, 1993). Intracellular 

nonprotein thiols (NPSH) also protects cells against the cytotoxicity effects of endogenous - . 
or exogenous electrophiles, such as platinum complexes or alkylating agents (Meister and 

Anderson, 1983; Hamers et. al., 1991; 1993). Li et. al., (1998) reported that the level of 

NPSH in liver and jejunum of B6D2F1 mice plays an important role against oxaliplatin 

toxicity. 

Present studies showed that GSH and NPSH concentrations varies in different 

tissues of normal and tumour-bearing mice and also in normal and tumour cells at different 

stages of tumour growth. GSH and NPSH showed no significant changes in liver and 
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kidney, it increase in spleen and Dalton's lymphoma (DL) cells but decrease in testes and 

bone marrow cells with the tumour growth (Fig. 1). As compared to corresponding normal 

mice tissues, GSH content was found to increase in tissues of tumour-bearing mice (except 

in testes). Both GSH and NPSH contents increased in DL cells as·compared to splenocytes 

its normal counterparts (Fig. 2). It was observed that GSH level in DL cells increased 

gradually with the progression of tumour growth, reaching maximum on day 10 and 

thereafter, it decreases slightly over the next 4-5 days. During the growth of Ehrlich ascites 

tumour an increased in GSH level has also been reported being maximum approximately on 

day 7 (Estrela et. al., 1992). The observed increase in GSH level in the tumour cells may 

suggest its involvement to facilitate proliferation and metabolism of tumour cells in the 

host. It has been reported that elevation of intracellular GSH in tumour cells is associated 

with mitogenic stimulation (Shaw and Chou, 1986) and GSH controls the onset of tumour 

cell proliferation by regulating protein kinase C activity and intracellular pH (Terradez et. 

al., 1993). A decrease in the rate of cancer cell proliferation and a decrease of GSH level in 

the tumour cell has also been reported (Estrela et. al., 1992). Thus, it may be suggested that 

the changes in GSH level in DL cells with the tumour growth in mice may reflect the 

changes in the rate of tumour cell proliferation accompanied by changes in antioxidant 

machinery. 

In contrast to an increase GSH content in DL cells, a regular fall in blood GSH was 

also noted (Fig. 6A) with the progression of tumour growth. Some amino acid precursors 

for glutathione synthesis particularly glutamine serves as an important respiratory fuel of I 
tumour cells (Estrela, 1992). The increase in DL cells GSH may reflect an increase uptake 



68 

of essential amino acids by DL cells from the plasma and render the blood cells 

insufficient precursors for GSH synthesis. Glutathione efflux from tumour cells and 

interorgan flow of glutathione into plasma have also been reported (Estrela, 1992; Meister 

and Anderson, 1983). The increase in glutathione concentration observed in tissues of 

tumour -bearing mice may suggest the utilisation of plasma glutathione by these tissues. 

Tumour cells have been reporte<!_ to generate a large amounts of hydrogen peroxides, 

which may contribute to their ability to damage normal tissues and facilitate tumour growth 

and invasion (Szatrowski and Nathan, 1991). Resistance of many cells against oxidative 

. stress is also associated with high intracellular levels of GSH (Estrela et. al., 1995). 

Glutathione also plays a major role in detoxifying many reactive metabolites (Hinchman 

and Ballatori, 1994), the increase GSH content noted in tissues of tumour-bearing mice 

may also be involved in protective mechanisms in response towards various toxic radicals. If 

The present results showed large variations in the response of DL cells and other 

tissues to cisplatin treatment. A decrease in GSH and NPSH concentration was seen after II ( 
cisplatin treatment in tissues and DL cells (Table 1; Fig. 3). After cisplatin treatment total 

GSH concentration decreases significantly in kidney and bone marrow (24-48 h) and in 

spleen ( 48 h). NPSH concentration decreases at 24 h in liver, testes and DL cells and at 24-

48 h in kidney and bone marrow after cisplatin treatment. In spleen NPSH decreases from 

24-96 h of cisplatin treatment. Except in spleen glutathione concentration was found to 

recover during the latter periods of treatment (72-96 h). The role of glutathione in the 

metabolism of cisplatin have been reported (Suzuki and Cherain, 1990). Cisplatin has been 

shown to be sufficiently electrophilic to react with glutathione directly (Eastman, 1987; 
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Jones and Basinger, 1989) and the resulting glutathione-platinum complex of both 

endogenous and exogenous sources is actively eliminated from cells by the glutathione s-

conjugate export pump (Ishikawa, 1992; Ishikawa and Ali-Osman,l993). The observed 

decrease in glutathione concentration after cisplatin treatment suggest the possible~~~ 

involvement of cisplatin-glutathione complex formation which would lead to less cellular / ® 
protective mechanisms. Although glutathione recovery at 72-96 h of treatment was noticed 

(Table I; Fig.3), any damage initiated on cells during early stage of treatment (24-48 h) may 

be partially repaired or retained which may lead to develop drug's toxic/cytotoxic effects. 

The effects of glutathione on the cytotoxicity of cisplatin and enhancement of its 

cytotoxicity by glutathione depletion have been reported (Mistry, et. al., 1993; Pendyala, et. 

al., 1997). Myelosuppression resulting in leukopenia and thrombocytopenia is a frequent 

and major complication of cancer chemotherapy (Hoagland, 1982). Thus, various 

haematological parameters are usually monitored during antineoplastic therapy (Doll and 

Weiss, 1983). Evidence for· glutathione deficiency have been found in a variety of diseases 

including diabetes (Murakami et. al., 1989), HIV infection (Staal _et. al., 1992), cystic 

fibrosis (Roum et. al., 1993), acute respiratory distress syndrome (Morris and Bernard, 

1994) and chronic renal failure (Castagliola et. al., 1989; Durak et. al., 1994; Ross et. al., 

1997). ln the present studies, the differential effects of cisplatin on GSH in blood and ascites 

supernatant was also noted (Fig.6B). There is a slight recovery-of GSH concentration in 

ascites supernatant during the later period of cisplatin treatment (48-96 h) but a continuous 

fall in blood GSH levels after cisplatin and in the combination treatment of BSO plus /GJ 
cisplatin from 24-96 h (Table 3; Fig. 6B) was noted which strongly indicate the severe 
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effect of cisplatin on blood GSH suggesting anemic condition in these mice. The 

haemoglobin contents, erythrocytes and leucocytes counts, percentage of eosinophils, 

basophils, lymphocytes and packed cell volume also decreases with the decrease in blood 

GSH (Table 4 and 5). Pal et. al., (1993) reported that the growth of Ehrlich ascites 

carcinoma in Swiss albino mice was accompanied by a decrease in haemoglobin and RBC 

values. This observation assumes significance as anemia is a common finding in malignancy 

(Price and Greenfield, 1958), and chemotherapy often aggravates the condition due to 

suppressive effect of majority of anticancer agents on erythropoiesis (Doll and Weiss, ~ 
1983). The present observations indicate that cisplatin may also have similar effects in the 

hosts. Although haematotoxicity and myelosuppression of cisplatin have been reported 

(Esposito, et. al., 1992, Gandara, et. al., 1986) the exact mechanism underlying cisplatin 

haematotoxicity is still unknown. lt has been suggested that decreased blood antioxidant 

capacity indicates impairment of erythrocytes antioxidant defenses and may contribute to 

increase erythrocyte fragility, decrease erythrocyte life span and anemia (Durak et. al., 

1994). Since GSH plays a key role in cell defense mechanism (van Klaveren, et. al., 1997) 

and contained about 99% in erythrocytes (Michelet et. al., 1995), it may be suggested that a 

decrease in blood GSH may disturb the protective mechanism in blood. This suggestion is 

further supported by the observation of various types of cisplatin-induced morphological { ~ 
abnormalities in erythrocytes (Fig. 8; Table 6). Interestingly, ·with the decrease in blood 

GSH the number of normal erythrocytes also decreases where as abnormal erythrocytes 

increase significantly (Fig. 7 A and B) which suggests that blood glutathione levels and the I 
development of various cisplatin-induced abnormal erythrocytes are inversely related. 
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Besides DNA,the side chains and terminal amino and carboxylate groups of proteins, 

small peptides such as glutathione and amino acids are also potentially good ligands for 

cisplatin (Pendyala and Creaven, 1993; Brown et. al., 1994; Taylor et. al., 1995; Speelmans 

et. al., 1997). Erythrocytes are anucleated cells where DNA the molecular target of cisplatin 

action is lacking. Moreover, the observed increase in the number of abnormal erythrocytes 

with the decrease in percentage of blood GSH level may suggest that the changes in 

blood GSH levels should be one of the main determining factors in cisplatin-induced 

haematotoxicity in the host during cancer chemotherapy. This is supported by the observe 

decrease in the number of abnormal erythrocytes (Fig. 7B) and an improvement ofvarious 

haematological parameters (Table 3, 4 and 5) when cysteine a precursor for GSH synthesis 

is combined with cisplatin. 

Development of chromosomal aberrations, micronuclei and sperm head abnormality 

have been commonly used as sensitive biological indicator in the mutagenic bioassays of a 

drug. In the present study development of all these mutagenic parameters were seen after 

cisplatin treatment of tumour-bearing mice in vivo and supports earlier findings of its Cl) 

genotoxic properties (Overbeck et. al., 1996; Pillaire et. al., 1994). The chromosomal 

pattern in bone marrow cells revealed that chromatid breaks and gaps occured more 

frequently. The total number of aberrant metaphases as well as chromosomal aberrations 

were noticed to be highest at 24 h of cisplatin and in the combination treatment of BSO 

plus cisplatin and decrease appreciably during latter periods (Table 7; Fig. 9). It has been 

reported that chemicals in general produce the highest frequency of aberrations in rodents 

24 h after single exposure, which roughly coincides with the normal length (22-24 h) of the 
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cell cycle (Schmid, 1973). The decrease in aberrations during later periods could be due to 

various possible reasons such as death of damaged cells, clearance of drug from the body, 

post-replication repair process and other unknown processes. An involvement of post

repli cat ion repair process in cisplatin induced DNA damage has been established (Sorenson 

and Eastman, 1988). 

The number of aberrant metaphases developed in Dalton' s lymphoma cells for 24-

96 h (Table 8; Fig . I 0) were comparatively quite high than that observed in bone marrow 

cells of the same host (Table 7). It indicates that bone marrow cells had gradual and 

effective recovery after cisplatin treatment. lt has been suggested that cisplatin lesions on 

guanine o n DNA of normal cells could be repaired before repli cation but not in cancer cells 

due to its defi ciency in repair process and the burden of mutations increases beyond the 

limit of survival (Rosenberg, 1985). The mutagenic potentiaJity of cisplatin in bacteria 

(Overbeck et. al. , 1996; Cross et. al. , 1996) as well as in mammalian cells (Zwelling et. al. , 

1979; Tandon and Sodhi , 1985; Pi llaire et. al. , 1994) limit its therapeutic use in cancer 

chemotherapy. In an attempt to overcome these impediments, the use of cisp1atin in 

combination with other agents have been tried with different degrees of success (G iri et. al. , 

1998). In the present stud ies combination treatment of BSO plus subtherapeutical dose of 

cisplatin ( 4 mg/kg body wt.) shows a significant reduction in the mutagenic effects of 

cisp1atin on chromosomes as compared to that of BSO plus therapeutical dose of cisplatin 

(8 mg/kg body wt.). lt is therefore, suggested that BSO in combination with subtherapeutic 

dose of cisplatin would be effective as the anti cancer activity of cisplatin is maintained with 

less mutagenic effects. 
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Glutathione content in bone marrow and Dalton's lymphoma cells decreases 

significantly after cisplatin (8 mg/kg body wt.) treatment alone and in combination with 

BSO (Table 1; Fig. 3 and 5). Under decreased cellular glutathione levels, the amount of 

drug which may reach the critical DNA target in chromosomes would be more, thereby, 

developing higher chromosomal aberrations. However, when cysteine a precursor for 

glutathione synthesis was given with cisplatin treatment, a significant decrease in the 

abnormal metaphases was noticed (Table 7 and 8). These finding in tum suggest a definite 

protective role of glutathione on chromosomal aberrations induced by cisplatin. 

Micronuclei are cytoplasmic chromatin masses with the appearance of small nuclei 

that arise from chromosome fragments of intact whole chromosome lagging behind at the 

anaphase stage of cell division (Czyzewska and Mazur, 1995) and they can easily be 

recognised in the cytoplasm of immature polychromatic erythrocytes (Schmid, 1976). The 

incidence of micronuclei was found to be increased both after cisplatin ( 4 mg and 8 mg/kg 

body wt.) treatment and in combination with BSO (Table 10). Giavini et. al., (1990) 

reported a dose-related increase of micronuclei in the blastocytes treated with anticancer 

drugs. The comparative analysis of the frequency of micronuclei in mice showed that the 

incidence of micronuclei was comparatively less with subtherapeutic dose ( 4 mg/kg body 

wt.) than therapeutic dose of cisplatin (4 mg/kg body wt.). However, combination 

treatment with cysteine and cisplatin significantly reduces the incidence of micronuclei as 

compared to cisplatin (8 mg!kg body wt.) treatment alone (Table 10). Enhanced cisplatin 

toxicity by a decreased in tissue glutathione levels has been reported (Nakagawa et. al., 

1995). Therefore, it is suggested that the decrease in the frequency of micronuclei after 
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combination treatment with cysteine is due to elevated levels of glutathione which protect/ 

cells from the toxic effect of cisplatin. · 

Cisplatin has been reported to cause sertoli cells dysfunction (Pogach et. al., 1989; 

Aydiner et. al., 1997) and embryotoxicity (Giavini et. al., 1990) in rats. Sperm abnormality 

analysis in mice showed that treatment with cisplatin ( 4 mg and 8 mg/kg body wt.) alone 

and in combination treatment with BSO caused a significant increase in sperm abnormality. 

As compared to therapeutic dose (8 mglkg body wt. ), treatment with subtherapeutic dose 

of cisplatin ( 4 mg/kg body wt.) developed lesser number of abnormal sperms (Table 9; Fig. 

11 ). 1t was shown that testicular somatic cells and sertoli cells synthesized glutathione by a 

FSH-sensitive mechanism (Li et. al., 1989) and cisplatin treatment effects the 

hypothalamic-pituitary-gonadal axis causing a decreased in testosterone levels which is 

essential for sperm maturation (Malarvizhi and Mathur, 1996). Glutathione is essential to 

protect germ cells from mutagens and spermatozoa from oxidative injury (Ochsendorf et. 

al., 1998). Cisplatin treatment in tumour bearing mice decreases the glutathione 

concentration in testes (Table I; Fig. 3) and this could be the mechanism that lead to 

develop an increase in sperm abnormality during cisplatin therapy. This is further supported 

by the observed decrease in the number of abnormal sperms when cysteine a precursor of 

glutathione synthesis was given in combination with cisplatin (Table 9). 

The nephrotoxicity of the platinum containing chemotherapeutic drug cisplatin 

continues to limit the clinical application of high dose cisplatin regimens. The nephrotoxicity 

which can be observed in man as well as in animals is dose-dependent (Ward et. al., 1977; 

Loehrer and Einhorn, 1984). Cisplatin-induced acute renal failure follows a typical 
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sequence. For the first 48 h the renal haemodynamics are normal; thereafter, a decrease of 

both renal blood flow and glomerular filtration can be observed with a maximum change 

occurring between the 3nl and 61h day and a subsequent slow recovery (Safirstein et. al., 

1981; Chopra et. al., 1982; Winston and Safirstein, 1985). In the present study, 

histopathological evaluations for animals recieving cisplatin (8 mgfkg body wt.) alone after 

5 days of i.p. treatment showed marked tubular damage (Fig. 12D) which is severe in the 

combination of cisplatin with BSO (Fig. 12E). This findings support earlier report of 

cisplatin nephrotoxicity (Krakoff, 1979) and its enhancement by BSO (Ishikawa, 1990). 

Since nephrotoxicity of cisplatin is a dose dependent, the effect of subtherapeutic 

dose of cisplatin (4 mgfkg body wt.) alone or in combination with BSO was also studied. 

Interestingly, the damage with subtherapeutic dose is comparatively less as compared to 

those observed with therapeutic dose (8 mgfkg body wt.) of cisplatin treatment (Fig. 12C 

and F). Cisplatin is predominantly excreted by kidney, some 50% of injected cisplatin is 

excreted in the urine over the first 24 h in the free, unbound form (Litterst, 1984). Urinary~ 

excretion of platinum rapidly diminishes subsequently, owing to its binding by plasma? 

proteins and deposition in tissues. The observed decrease in the tubular damage with 

subtherapeutic dose of cisplatin could be due to lesser renal platinum accumulation. 

The biochemical and subcellular basis for renal toxicity from cisplatin is not fully 

understood. Enhancement of cisplatin toxicity by a decrease in tissue glutathione levels has 

been reported by some investigators (Nakagawa et. al., 1995). A decrease in renal 

glutathione has been reported after cisplatin treatment ill vitro (Nakano and Gemba, 1989) 

and ill vivo (Suzuki and Cherian, 1990). However, some reports have also shown that the 
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administration of cisplatin to rats resulted in an increase, not a decrease, in renal glutathione 

(Litters! et. al., 1982; Jones-Leyland et. al., 1983) or had no effect on renal glutathione 

(Maines, 1986). However, present studies showed a significant decrease in kidney 

glutathione after cisplatin treatment alone and in combination with BSO (Table 1; Fig. 5). 

Since glutathione is an important endogenous antioxidant which protect the renal cortex 

from cell injury by detoxifYing peroxides caused by cisplatin (Sugihara, et. al., 1987; 

Sadzuka, et. al., 1991; Kim, et. al., 1997; Baliga et. al., 1998), it is therefore, suggested that 

a decrease in kidney glutathione level may be involved in cisplatin-induced nephrotoxicity. 

Cisplatin is effective against testicular tumours, which have been proved to be one 

of its better targets (Rozencweig et. al., 1981). Earlier studies indicate that testis tumour 

cells are hypersensitive to cisplatin and have low capacity to remove cisplatin-induced DNA 

damage from the genome (Koberle et. al., 1997). Koberle et. al., (1999) investigated the 

nucleotide excision repair (NER) capacity of extracts from well-defined 833 K and GCT 27 

human testis tumour cell lines and found that . this cells had normal amounts of NER 

proteins, but low levels of the xeroderma pigmentosum group A protein (XPA). However, 

cisplatin does have negative effects on the normal functions of the testis. Sterility is one of 

the long-term adverse effects of cisplatin (Loehrer and Einhorn, 1984) and extension of 

survival is accompanied by problems of fertility (Trump, 1995). Cisplatin have been 

reported to cause germinal epithelium damaged, dilation of the endoplasmic reticulum in 

Ieydig and sertoli cells, structural changes in mitochondria and an increase in the number of 

inclusion bodies (Aydiner et. al., 1997). Cisplatin also mediated hormonal perturbations by 

its effects on the hypothalamic-pituitary-gonadal axis (Malarvizhi and Mathur, 1996). The 
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mechanisms of this effect are not understood. In the present study, acute damaged was 

observed on mouse testis following cisplatin (8 mg/kg body wt.) treatment alone for 5 days. 

Severe damage was seen when cisplatin was given in combination with BSO (Fig. 130 and 

E). The toxic effect of cisplatin on testis was found to be a dose-dependent as treatment 

with subtherapeutic dose of cisplatin (4 mg/kg body wt.) alone and in combination with 

BSO showed lesser degree of damage (Fig. 13C and F). Cisplatin treatment alone and in 

combination with BSO was found to decrease the cellular levels of glutathione in testes 

(Table 1; Fig .. 5). Since glutathione an antioxidant contribute in cellular protection, a 

decrease in its concentration after cisplatin treatment in testes may suggest the underlying ! 
I 

mechanisms of cisplatin-induced testicular damage. 

Glutathione and glutathione-related antioxidant enzymes have been known to be of 

central importance in the detoxification of peroxides, hydroperoxides, xenobiotics and drugs 

(Chasseaud, 1979; Meyer et. al., 1998; Bandyopadhyay et. al., 1999). Many forms of 

oxygen radicals such as hydrogen peroxide, lipid hydroperoxides, superoxides, hydroperoxy 

and hydroxyl radicals are implicated in several disorders including rheumatoid arthritis, 

reperfusion injury, cardiovascular ·disease, immune injury and cancer (Ross, 1988). 

Intracellular defense mechanisms to detoxify these reactive free radicals include the 

enzymatic systems glutathione peroxidase, glutathione reductase, glutathione s-transferase, 

superoxide dismutase and catalase (Tew, 1994; Ohkuwa et. al., 1997; Noctor and Foyer, 

1998; Teramato et. al., 1999). In the present study activity of glutathione-related enzymes 

was investigated in the cytosolic fractions prepared from tissues of tumour -bearing mice 

after cisplatin treatment. 
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Glutathione s-transferase (GST) are a large family of multifunctional detoxification 

enzymes that catalyze the conjugation of a wide variety of electrophilic toxins and 

carcinogens with glutathione ( Chasseaud, 1979). It has been reported that GST activities 

are increased in several human tumours including lung carcinoma (Saydam et. a!., 1997). In 

the present studies, GST activity in liver decreases initially but recover gradually during the 

latter periods of cisplatin and BSO+cisplatin treatment. In kidney GST activity increases at 

24 h after cisplatin treatment alone and at 96 h in combination with BSO. ln contrast, 

Dalton's lymphoma cells showed a significant decrease in GST activity from 24-96 h of 

cisplatin and BSO+cisplatin treatment (Table 11-13; Fig. 14A). An increase in GST activity 

after cisplatin treatment reflects the utilization of glutathione in detoxification reactions 

particularly in kidney which leads to low glutathione levels (Table 1; Fig. 3 and SB) and 

thereby causing nephrotoxicity. Decrease GST activity in Dalton's lymphoma suggest that 

GST is not involved in the detoxification process. Since under decrease GST activity the 

cellular glutathione is not utilize, the observed decrease in glutathione levels in Dalton's 

lymphoma cells after cisplatin treatment (Table 1; Fig. 3 and SD) may suggest the non

enzymatic involvement of glutathione in the detoxification process. 

Glutathione reductase (GR) catalyzes the reduction of oxidised glutathione to form 

reduced glutathione in the presence of NADPH (Sweet and Blanchard, 1991 ). This 

reaction serves to maintain a high GSHIGSSG ratio in the cell (Vanoni et. al., 1991 ). 

Elevated levels of GR have been reported in murine experimental tumours (Muller et. al., 

1993) as well as in human leukemia (Rzymowska, 1995) and lung cancers (Saydam et. al., 

1997). In the present studies, GR activities increase in liver and kidney but decreases in 
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Dalton's lymphoma cells after cisplatin alone and in combination treatment with BSO 

(Table 11-13; Fig. 14B) The observed increase in GR activity in tissues of tumour-bearing 

mice particularly in kidney could be in response to cytotoxic effects of cisplatin and to 

maintain the intracellular ratio of glutathione as cisplatin treatment causes a decreased in 

tissue glutathione concentrations. This is supported by the observed recovery of glutathione 

in tissues during later· periods of cisplatin treatment (Table 1; Fig. 3). The decrease inGR 

activity may suggest one of the possible mechanisms by which cisplatin exert its cytotoxic 

effects in Dalton's lymphoma cells. 

Glutathione peroxidase (GPx) catalyzes the oxidation of reduced glutathione to 

oxidized form and functions in the protection of cells against oxidative damaged (Maiorino 

et. al., 1990). High GPx activity have been shown in breast cancer patients (Gromadzinska 

et. al., 1997). In the present study, GPx showed a significant decrease in liver and Dalton's 

lymphoma cells after cisplatin treatment alone and in combination with BSO (Table 11-13; 

Fig. 14C) reflecting that the system of defense against free radicals is severely impaired in 

these tissues. Decrease GPx in Dalton's lymphoma cells may fuvour .accumulation of free 

radicals which may induce the neoplastic mutation. Cisplatin-induced nephrotoxicity via 

hydroxyl radical have been demonstrated (Sadzuka et. al., 1991; Baliga et. al., 1998). An 

observed increase in GPx activity noted in kidney after treatment may be involved in 

protecting against cisplatin-induced hydroxy radicals. Glutathione is also involved as a 

substrate for GPx, which reduce H20 2 and organic peroxides, thus protecting cell proteins 

and cell membranes against oxidation. The increase GPx activity could be the reason by 
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which cisplatin decreases kidney glutathione concentration and thereby leading to its 

nephrotoxic effects. 

Catalase (CAT) catalyses the decomposition of H20 2 to H20 and 0 2 and protect 

the cells from oxidative damaged (Ueda et. al., 1990). Reduction in CAT activity have been 

reported in experimental carcinogenesis (Corrocher et. al., 1986; Arruda et. a!., 1996). In 

the present studies, CAT activity was found to decrease in all the tissues after cisplatin and 

in the combination treatment with BSO (Table 11-13; Fig. 14D). Cisplatin treatment in rats 

have been reported to cause increase production of lipid peroxides (Sugihara et. al., 1987). 

The observed inhibition of CAT activity reflect the mechanism by which cisplatin increases 

the peroxide level and causes tissue injury particularly in kidney and cytotoxicity in DL 

cells. Decrease CAT activity may lead to intracellular accumulation of hydroperoxides 

which may result in the overloading of other peroxide destroying enzymes including GPx 

and consequently in a significant redox imbalance. 

Superoxide dismutase (SOD) accelerate the spontaneous dismutation of the 

superoxide radical (0'2) to H20 2 and 0 2 therefore controlling supero~ide levels in the cells. 

In the present study, SOD activity was found to decrease in liver but increase in kidney after 

treatment. In Dalton's lymphoma cells SOD activity increases in the combination of 

BSO+cisplatin and at 24-48 h of cisplatin treatment alone (Table 11-13; Fig.l4E). A 

decrease in SOD activity have been reported in cancer cells (Oberly et. al., 1982; Arruda et. 

al., 1996; Navarro et. a!., 1999). A number of chemotherapeutic agents including cisplatin 

have been shown to stimulate the production of reactive oxygen radicals (Sadzuka et. al., 

1991). However, cancer cells have also been reported to generate a large amount of H202 
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(Szatrowski and Nathan 1991). Since o-2 is a substrate for SOD reaction, it is suggested 

that an increase in SOD activity observed in kidney and Dalton's lymphoma cells is due to 

the generation of o-2 by cisplatin. Indeed an increase in SOD activity could be a protective 

mechanism due to cisplatin-induced hyperproduction of reactive oxygen intermediates. 

Accumulation of H202 the product of SOD if not converted would lead to imbalance 

antioxidant defense, resulting in enhanced oxidation due to accelerated generation of H20 2. 

Catalase the enzyme responsible for converting this product was also found to decrease in 

these tissues. This increase in SOD activity may at least in part explain the mechanism by 

which cisplatin-induced nephrotoxicity and cytotoxicity. 

Scanning electron microscopic observations revealed a senes of cytological 

changes during Dalton's lymphoma cells regression following cisplatin and combination 

treatment with BSO (Fig. 15A-K). In the present study, appearance of fine membrane 

projections was noted after 8 h of subtherapeutic dose of cisplatin which become thicker in 

the combination treatment with BSO (Fig. ISB and C). The tumour cells interact each other 

and with the phagocytic cells through these projections which incr~ases in length after 

therapeutic dose of cisplatin alone and in numbers after the combination treatment with 

BSO (Fig. 15D and E). Fusion of the two cell membranes and the emergence of blebs were 

seen after 24 h (Fig. ISG and H) and complete tumour cell lysis occur after 3-4 days of 

treatment (Fig. 15J and K). Formation of membrane vesicles/blebs in tumour cell have been 

reported after cisplatin treatment (Lemasters et. al., 1987; Giri, 1995) and during immune 

cell mediated killing (Liepins, I983) which results from altered micro filament net work 

(Liepins and de Harven, 1982). Increase binding of activated murine macrophages to 
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Dalton's lymphoma cells after cisplatin treatment and exchange of lysosomes through these 

cytoplasmic extensions have also been demonstrated (Singh and Sodhi, 1988; Gupta and 

Sodhi, 1988). A cytological study of ascites tumour cells treated with sub-therapeutic dose 

cisplatin plus oc-tocopherol showed mitotic inhibition with the appearance of binucleated 

cells, increased cellular volume and the formation of giant cells within 1-8 h of treatment. 

These changes were followed by heavy infiltration of cells of the reticuloendothelial system 

(Sarna et. al., 1998). 

Glutathione is known to compete for cisplatin complexation with other molecules in 

the cells such as DNA (Timmer-Bosscha et. al., 1992). Intracellular glutathione therefore 

plays an important role in the antitumour activity of cisplatin. Dalton's lymphoma cells 

showed a decrease in glutathione concentration after treatment (Table 1; Fig. 3 and SD), 

reflecting its weak protective function. Some workers reported that cisplatin form 

complexes specifically with phosphotidylserine which is located in the inner leaflet of 

biological membranes and may have important physiological implications (Speelmans et. 

al., 1997). Furthermore, cisplatin-glutathione complexes can be extru~ed by cancer cells by 

the ATP-dependent glutathione S-conjugate export pump (Ishikawa, 1992), thereby also 

decreasing the anticancer activity of the drug. In the present study it was found that 

intracellular accumulation of platinum in Dalton's lymphoma cells was high under depleted 

glutathione level (Fig. 18) which could be due to a decrease in the formation of platinum

glutathione conjugates. It is therefore suggested that the decrease in intracellular glutathione 

may enhance drug cytotoxicity and leads to various abnormal membrane development. This 

is further supported by the observation that combination treatment with cysteine a precursor 
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for glutathione synthesis reduces the formation of membrane blebs/projections (Fig. 1 SC, F 

and I). 

Cisplatin besides being a potent antineoplastic agent, also play a role in stimulating 

immune processes (Kleinerman and Zwelling, 1982). Murine macrophages treated with I 
cisplatin show enhanced capacity to lyse the tumour cells in vitro and also result in increase 

production of tumour cytolytic factors (Sodhi and Singh, 1986) and hydrogen peroxide and 

oxygen radicals by macrophages (Sodhi and Gupta, 1986). Activated macrophages can 

recognise and destroy neoplastic cells by a mechanism that requires cell to cell contact 

(Fidler, 1978). Electron microscopical studies have shown an intimate contact between the 

cell membrane of effector and target cells or of both (Sodhi, 1979). In the present in vitro 

study, light microscopic observation showed that activated macrophage and Dalton's 

lymphoma (DL) cells treated in vivo interact with each other through a long cytoplasmic 

bridge (Fig. 168-F) which is similar to those observed by Singh and Sodhi, (1988). Aller 60 

min of incubation the cytoplasmic bridge become shortened and cell to cell contact was 

noted with some target cells being lysed (Fig. 16G-J) as a result of tumoricidal effect of 

activated macro phages. As compared to subtherapeutic dose ( 4 mglkg body wt.) alone, 

combination treatment of Dalton's lymphoma cells in vivo with BSO plus subtherapeutic 

dose of cisplatin increases its interaction with macrophages (Fig. 17). The basic problem of 

cancer chemotherapy as currently employed in clinical oncology is to Jllaximize the 

therapeutic index. An obvious site for such an approach would be the enhancement of 

naturally occurring antineoplastic immune function. Interestingly, when the level of 

glutathione in DL cells was modulated in vivo with BSO (Table 2; Fig. 4A and B) a 
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significant improvement in the interactions with macrophages was noted (Fig. 17) reflecting 

the effectiveness of the combination treatment. 

In the present study, host survival data (Table 14; Fig. 19) showed an increase [ 

survival of the tumour -bearing mice treated with therapeutic dose of cisplatin alone. About 

80% of the animals survived more than 60 days and their increased in life span was more ;), 

than 216%. As compared to control the survival of the animals treated with subtherapeutic 

dose of cisplatin is not so effective and the animal survived only upto 29 days with only 

53% increase in life span. However, in the combination of subtherapeutic dose of cisplatin ) 

with BSO increase the survival rate of the animal significantly and their life span doubled as 

compared to that of subtherapeutic dose of cisplatin alone. Therapeutic dose of cisplatin 

against a variety of malignant tumour has been established about 8-9 mg/kg body wt. In the 

present study therapeutic dose of cisplatin was also found to be effective in the regression 

of ascites Dalton's lymphoma and support earlier findings (Giri, 1995), but its full 

exploitation would be limitted due to the development of severe side effects which is 1l 
enhanced by BSO as evident from the present toxicity evalua,tion and those reported 

earlier. Therapeutic dose of cisplatin alone and in combination with BSO decreases 

intracellular glutathione levels, thereby, render less protective mechanism in the cells. 

Subtherapeutic dose of cisplatin alone was found to be less toxic and less effective against 

the regression of Dalton's lymphoma. Since glutathione reduces the antitumour activity of 

J, 
cisplatin its intracellular concentration is therefore modulated with BSO and then combined r ---- .~ 

with subtherapeutic dose of cisplatin. Interestingly, this combination maintain the 

effectiveness of cisplatin against ascites Dalton's lymphoma with less to moderate side 



85 

effects and also capable of enhancing immune function as supported by in vitro studies. 

Further, application of this combination is encouraged by observing an increase in life span 

of the tumour-bearing hosts. 

Fro~ the various aspects of studies covered and discussed, following main 

conclusions may be derived: 

i. Changes in glutathione (GSH) levels was noticeable not only in tumour cells 

(Dalton's lymphoma, DL cells) but also in other tissues during the tumour growth 

in the host. It increased in DL cells, spleen, but decreased in testes and blood, and 

remained almost unchanged in liver and kidney during tumour growth. As 

compared to splenocytes (as the normal counterpart of DL cells) glutathione 

levels was found to be two times more in DL cells. This may indicate the 

significance of glutathione in the attainment of various suitable cancerous 

properties in Dalton's lymphoma cells/other cancers. 

ii. Cisplatin treatment of tumour-bearing mice decreased the total glutathione 

concentration in kidney, Dalton's lymphoma cells, bone marrow and blood. Non

protein thiol also decreased in liver, kidney, testes, bone marrow and spleen. These 

changes in glutathione levels should be involved in developing unfavourable 

conditions in the host leading to tumour cells regression. 

iii. Cisplatin treatment caused haematotoxicity with the development of various 

morphological abnormalities in RBC which are inversely related with the blood 

glutathione levels. Mutagenicity, nephrotoxicity and testicular dysfunction 
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potential of cisplatin is a dose dependent. Treatment with subtherapeutic dose 

and/or in combination with cysteine reduced these side effects. 

iv. Various glutathione-related enzymes are affected by cisplatin treatment. 

Glutathione s-transferase (GST), glutathione reductase (GR) and glutathione 

peroxidase (GPx) activity decreased more prominently in liver and Dalton's 

lymphoma cells. Catalase (CAT) activity was found to decrease in liver, kidney and 

Dalton's lymphoma cells. Superoxide dismutase (SOD) activity decreased in liver 

but increased in kidney (at 24, 72 and 96 h) and Dalton's lymphoma cells (at 24-48 

h) after cisplatin treatment. The decreased in enzyme activities particularly in 

Dalton's lymphoma cells may be involved to weaken the glutathione related 

protective mechanisms. 

v. Cisplatin treatment also led to the development of various membrane processes, 

ruffles/blebs which leads to tumour cell lysis. Increased phagocytic cells infiltration 

and their interaction with Dalton's , lymphoma cells was also noted. T.he 

significance of glutathione in these changes in Dalton's lymphoma cells after ,, 

I 
cisplatin treatment is also suggested. \ 

. vi. Platinum uptake by Dalton's lymphoma cells in vivo increases with the decreased 

in the glutathione levels. 

vii. Combination treatment of BSO and subtherapeutic dose of cisplatin should be 1/ 

very effective against various malignancies in general and murine ascites Dalton's 

lymphoma in particular since the therapeutic efficacy of this combination was 

noted to be significantly high without developing much side effects in the host. 


