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RESULTS 

1. GLUTATHIONE DETERMINATIONS 

TISSUE GLUTATHIONE (GSH) LEVELS AT DIFFERENT STAGES OF TUMOUR GROWTH 

Measurement of GSH contents in tissues of tumour-bearing mice at different stages 

of tumour growth showed no significant changes in total GSH and non-protein thiol 

(NPSH) content in liver and kidney with the progressive growth of tumour (Fig. lA and B). 

In testes a significant decrease in GSH was noted on day S, 10 and IS and in NPSH 

content on day S and 10 of tumour growth. Bone marrow GSH levels decreases 

significantly <in day IS and NPSH on day S and IS of tumour growth. In spleen a significant 

increase in GSH content was seen on day 10 and NPSH content on day 10 and IS of 

tumour growth. In Dalton's Lymphoma cells GSH content increases significantly on day I 0 

and IS and NPSH content on day 10 of tumour growth. Among the tissues studied liver 

was found to have the highest GSH (I 1.91 f.Lmoles/g) and NPSH (4.SO flmoles/g) content 

(Fig. lA and B). 

GLUTATHIONE CONTENT OF NORMAL AND TUMOUR-BEARING MICE 

Among the normal mice tissues, liver has the highest glutathione concentration 

(I 1.72 flmoles/g) followed by testes, kidney, spleen and bone marrow. In the tumour

bearing mice tissues, liver has the highest glutathione concentration (I 1.91 f.Lmoles/g) 

followed by spleen, testes, kidney and bone marrow. As compared to the corresponding 

normal tissues, the glutathione concentration in liver, kidney and bone marrow of tumour

bearing mice did not change significantly except an increase in spleen. A significant decrease 
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in glutathione level was seen in the testes of tumour-bearing mice (Fig. 2. A}. Total GSH 

and non-protein thiol (NPSH) concentration in splenocytes of tumour-bearing mice 

decreased significantly as compared to splenocytes (normal counterpart of DL cells) of 

normal mice. Dalton's Lymphoma GSH concentration increased significantly as compared 

to that of its normal counterpart (splenocytes from non-tumour bearing mice) but NPSH 

showed no significant increase (Fig. 2B). 

GLUTATHIONE CONCENTRATION AFTER CISPLATIN TREATMENT 

Total GSH concentration in liver and testes did not change significantly after 

cisplatin treatment for 24-96 h. Cisplatin treatment resulted in a significant decrease in 

Dalton's Lymphoma (-25%), kidney (-28%) and bone marrow (-34%) at 24 h and spleen 

(-19%) at 48 h. NPSH concentration decrease in liver (-15%) and testes (-19%) at 24 h, 

kidney (-24%) and bone marrow (-25%) at 24-48 hand spleen (-32%) after 24-96 h of 

cisplatin treatment. GSH and NPSH concentration in all tissues studied (except the NPSH 

in spleen) was found to recover slowly after 48 h of cisplatin treatment (Fig. 3; Table!). 

GLUTATHIONE DEPLETION BY L-BUTHIONINE-(S,R)-SULFOXIMINE (BSO) 

Following a single dose ofBSO (5mM/Kg body weight), total GSH and non-protein 

thiol (NPSH) contents of normal amd tumour-bearing tissues depleted in a time-dependent 

manner. GSH and NPSH concentration in liver and kidney of both normal and tumour

bearing mice showed maximum depletion at 5 h of BSO treatment. In normal mice, GSH 

concentration depleted to about 40% in liver and 38% in kidney while NPSH depleted to 

about 75% in liver and 70% in kidney. In tumour-bearing mice also GSH concentration 
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decreased in liver (42%) and in kidney (30%). NPSH concentration depleted ~90% in liver 

and 68% in kidney. The maximum depletion of GSH and NPSH concentration in Dalton's 

Lymphoma cells was observed at 8 h after BSO administration. GSH and NPSH 

concentration depleted to 55% and 78% of its initial level respectively (Fig. 4; Table 2). 

Therefore, in the combination treatment BSO was always given 8 h prior to cisplatin. 

However, the GSH as well as NPSH levels were noted to recover with varying degree in 

the tissues at later periods ofBSO treatment (Fig. 4A and B). 

GLUTATHIONE CONTENT AFTER BSO AND CISPLATIN TREATMENT 

Comparative analysis of total GSH concentration in the tissues of tumour- bearing 

mice after cisplatin treatment alone for 24 h showed no significant decrease in liver, testes, 

and spleen but a significant decrease was noted in kidney, tumour cells and bone marrow. 

NPSH concentration also decreased significantly in all tissues (except tumour cells). In the 

combination treatment ofBSO plus cisplatin for 24 h a further decrease in GSH and NPSH 

concentrations in all tissues was seen (except in liver GSH and t_umour ~SH) Fig. 5. 

2. TOXICITY STUDIES 

A. HAEMATOXICITY 

HAEMOGLOBIN (HB) CONTENT 

Measurement of Hb content in tumour-bearing mice showed a significant decrease 

in its level at .24-48 h of cisplatin (8 mg/kg body wt.) treatment and it recovered gradually at 

72-96 h. (Table 4). After the combination treatment of a single dose BSO plus cisplatin , Hb 

content further decreased as compared to control. However, an increase in Hb content was 
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noted when a single dose of cysteine (200mg/kg body wt.) was given 30 min prior to 

cisplatin for 24 h (Table 4). 

ERYTHROCYTES COUNT AND MORPHOLOGICAL ABNORMALITIES 

The number of erythrocytes (RBCs) in tumour-bearing mice decreases significantly 

after cisplatin treatment alone at 24-72 h and also after the combination treatment of a 

single dose BSO and cisplatin from 24-96 h. The number of RBCs did not decrease much 

when a single dose of cysteine (200mg/kg body wt.) was given 30 min prior to cisplatin 

treatment for 24 h. In tumour-bearing mice, the RBC counts was noted to be slightly lesser 

than that of normal mice (6.84±0.58). Table 4. 

Scanning electron microscopic observation revealed the development of various 

types of cisplatin-induccd morphological abnormalities in erythrocytes. These include the 

microcytes (cells having smaller diameter than the normal erythrocytes), macrocytes (having 

larger diameter), acanthocytes (cell showing fe:w hom-like projections), scalloping (cells 

with folded membrane), shistocytes (fragmented cell), stomatocytes (presence of slot-like 

structure at the centre), ovalocytes (oval-shaped), elliptocytes (elliptical-shaped), 

echinocytes (presence of uniformly serrated projections) spherocytes (cells lacking 

biconcavity) and burr cells (cells having spiny-like projections) Fig. 8A-J. Of the various 

types of morphologically abnormal erythrocytes observed, the frequency of elliptocytes 

(-30%), echinocytes (-20%) and acanthocytes (-10%) was found to be more prominent 

(Table 6). 
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LEUKOCYTES COUNT 

The number of leukocytes (WBCs) also decreased after the treatment with cisplatin 

or BSO plus cisplatin. In contrast to that of RBCs, the WBCs number (6.85±0.16) in 

tumour-bearing mice was slightly more than that of the normal mice (5.56±0.18). 

Combination treatment of cysteine plus cisplatin to tumour -bearing mice for 24 h slightly 

decreased (5.20±0.76) the number of WBCs but it was in the close proximity to that of 

normal mice (5.56±0.18) Table 4. 

DIFFERENTIAL LEUKOCYTES COUNT 

As compared to normal mice an increased in the number of eosinophils, neutrophils 

and decrease in basophils, lymphocytes and monocytes was observed in tumour-bearing 

mice (Table 5). 

Differentialleucocytes count showed almost no change in the number of eosinophils 

after cisplatin (8 mg/kg body wt.) treatment. A significant decrease in the number of 

eosinophils was noted at 24, 48 and 96 h of the combination treatme~t ofBSO plus cisplatin 

and also when cysteine was given 30 min prior to cisplatin (Table 5). 

The number of neutrophils increased significantly after cisplatin treatment alone 
·• 

from 24-96 h and after the combination treatment of BSO plus cisplatin at 48 h. Cysteine 

plus cisplatin treatment showed an increase in the number of neutrophils (Table 5). 

The number of basophils decreased significantly after cisplatin, BSO plus cisplatin 

and cystiene plus cisplatin treatment as compared to control. A similar pattern was also 

found for lymphocytes after cisplatin treatment (Table 5). 
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Number of monocytes increased after cisplatin treatment (24-96 h), BSO plus 

cisplatin treatment (24 and 72 h) and also after cysteine plus cisplatin treatment (24 h) 

(Table 5). 

PACKED CELL VOLUME 

A significant decreased in the packed cell volume (PCV) was noted both after 

cisplatin (8 mg/kg body wt.) treatment alone and also after the combination treatment of 

BSO and cisplatin. No significant changes in PCV was noted when cysteine was given 30 

min prior to cisplatin. (Table 4). 

TOTALBLOODGLUTATiflONELEVELS 

To understand the correlation of blood GSH changes with tumour growth and after 

cisplatin treatment GSH levels were measured in the blood along with other tissues at 

different stages of tumour growth. It was noted that blood GSH level in tumour-bearing 

mice, showed a significant decrease at various stages of tumour growth from 5-1 5th days as 

compared to day 0 (day before tumour transplantation). In Dalton's lymphoma cells an 

increased in. GSH concentrations was noted from 10-15th days of tumour growth as 

compared to day 5 (initial stage of tumour growth). Liver showed no significant changes in 

GSH level with the progression of tumour growth (Fig. 6A). 

After cisplatin treatment, a significant decrease in blood GSH level was noted at 48-

96 h. A decrease in GSH levels was also noted in Dalton's lymphoma cells and splenocytes 

(24-48 h) and in ascites supernatant (24 h) after cisplatin treatment as compared to 
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respective controls (0 h). The GSH levels was found to recover during the later period of 

treatment (72-96 h) both in tumour cells and ascites supernatant (Fig. 6B). 

After the combination treatment of a single dose BSO plus cisplatin a further 

decreased in blood GSH level was noted (Table 3). When cysteine, a precursor of 

glutathione synthesis was given at a single dose of 200mg!kg body wt. 30 min prior to 

cisplatin (24 h), a significant rise (0.83±0.03 mg/ml) in blood GSH was noted which is 

near to normal level (0.85±0.09 mg/ml). Blood GSH level (0.64±0.10 mg/ml) in tumour

bearing mice was found to be lesser than that of the normal mice level (0.85±0.09 mg/ml) 

Table3. 

BLOOD GSH LEVELS AND DEVELOPMENT OF ABNORMAL RBCs 

Comparative study of blood GSH levels with the number of normal and abnormal 

RBCs after cisplatin and BSO plus cisplatin treatment (Fig. 7 A and B) showed ·that as the 

level of blood GSH decreases the number of normal RBCs also decreases during the 24-48 

h and recover gradually after 72-96 h of treatment, but the number of abnormal RBCs 

increases significantly during the 24-48 h and gradually decreases after 72-96 h of 

treatment (Fig. 7 A). Combination treatment of cysteine plus cisplatin resulted in a 

significant increase in the level of blood GSH but a decrease in the number of abnormal 

RBCs as compared to cisplatin treatment alone (Fig. 7B). 
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CHROMOSOMAL ABERRATIONS 
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Chromosomal aberrations in bone marrow cells of mice increase after cisplatin, BSO 

plus cisplatin and cysteine plus cisplatin treatment as compared to control (Table 7). The 

frequency of various aberrations was seen to be maximum at 24 h of the combination 

treatment with BSO plus cisplatin (8 mg/kg body wt.). Various types of aberrations such as 

chromatid breaks, gaps, exchanges and chromosomal fragments were observed (Fig. 9). 

Chromatid breaks and gaps occurred more frequently. Cysteine treatment 30 min prior to 

cisplatin for 24 h reduced total aberrations significantly as compared to BSO plus cisplatin 

treatment for respective time i.e 24 h. 

Cisplatin treatment (24-96 h) drastically affects Dalton's lymphoma cells resulting 

in a very high frequency of aberrant meta phases (Table 8). Maximum number of aberrations 

occured when BSO was given in combination with cisplatin (8 mg/kg body wt.). 

Chromosomes aberration includes mainly chromatid breaks, isochromatid breaks, gaps and 

exchanges (Fig. 10). Chromatid and isochromatid breaks occurred more frequently. As 

compared to the treatment with cisplatin alone or BSO plus cisplatin (24 h) combination 

treatment of cysteine with cisplatin for 24 h decreases the frequency of aberrations 

significantly (Table 8). Treatment with subtherapeutic dose of cisplatin ( 4 mglkg body wt.) 

alone or with BSO showed a reduction in the number of aberations in bone marrow cell 

(Table 7) and tumour cells (Table 8) as compared to therapeutic dose (8 mg/kg body wt.) of 

cisplatin. 
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MICRONUCLEUS 

The frequency of micronucleus (MN) in bone marrow cells increased significantly 

after cisplatin, BSO plus cisplatin and also after cysteine plus cisplatin treatment as 

compared to controls (Table 9). The incidence of MN was found to be more 111 

normochromatic erythrocytes. The combination treatment of BSO with cisplatin (8 mg/kg 

body wt) showed maximum frequency of MN where as combination treatment of cysteine 

with cisplatin reduces the incidence of MN effectively in nucleated cells and also in poly

and -normochromatic erythrocytes. As compared to therapeutic dose, the incidence of MN 

in bone marrow also reduces with subtherapeutical dose of cisplatin ( 4 mg/kg body wt.) 

alone or in combination with BSO (Table 9). 

SPERM ABNORMALITY 

Various form of sperm abnormalities were induced after cisplatin ( 4 mg and 8 mg/kg 

body wt.) alone or in the combinati~n treatment of cisplatin with BSO and cysteine (Table 

10). The frequency of various morphologically abnormal sperms was noted to be maximum 

in BSO plus cisplatin (8 mg/kg body wt.) treated groups (Table 10). Out of the different 

types of abnormal sperms analysed (double head, round head, ballon-shaped head, hooked

head, dwarf head, amorphous head and double tailed) the frequency of amorphous, banana 

and hooked sperms were more than the others (Fig. 11A-K). However, subtherapeutic dose 

of cisplatin alone and in combination with BSO reduces the number of abnormal sperms as 

compared to that of therapeutic dose (8 mg/kg body wt.) cisplatin. 
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C. NEPHROTOXICITY 

Comparative histological changes in mouse kidney from normal or untreated 

tumour-bearing mice represented a clear zonal variations extending from the cortex to the 

medulla (Fig. l2A) with normal tubules having intact epithelial cells (Fig. l2B). Afler 

treatment with a single subtherapeutic dose of cisplatin (i. p. 4 mg/kg body wt.) it showed a 

moderate tubular dilation, the enlarged tubule with a disorganised epithelial cells (Fig. 

l2C). Treatment with therapeutic dose of cisplatin (8 mg/kg body wt.) showed the presence 

of few atrophied tubules and tubules with less intact epithelial cells (Fig. 120), while the 

combination treatment of a single dose BSO with subtherapeutic dose of cisplatin showed 

mild to moderate damage with the presence of degenerated tubule and tubule with damaged 

lining membrane (Fig. l2E). An extensive tubular damage was observed i.n kidney section 

a!ler the combination treatment of BSO with therapeutic dose of cisplatin. Tubules with 

severe lining membrane damaged and the presence of epithelial cells debris were seen (Fig. 

12F). 

D. TESTICULAR DYSFUNCTION . 

The histopathological examination of testis has been studied and represented in Fig. 

13A-F. Testis section from normal or untreated tumour-bearing mice showed an outer 

germinal epithelium covering the normal seminiferous tubules and interstitial cells in 

between the tubules (Fig. 13A and B). After treatment with a single subtherapeutic dose of 

cisplatin (i. p. 4 mglkg body wt. ), presence of tubules with slight deranged in the 

spermatogonial mass was observed (Fig. 13C). After treatment with therapeutic dose of 

cisplatin (8 mglkg body wt. ), the appearance of vacuolated seminiferous tubule was seen 
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(Fig. 130). The combination treatment of a single dose BSO with subtherapeutic dose of 

cisplatin showed the formation of vacuolated seminiferous tubules and damaged germinal 

epithelial wall (Fig. 13E). Extensive damaged with the presence of broken seminiferous 

tubules were seen after the combination treatment of BSO with therapeutic dose of cisplatin 

(Fig. 13F). 

3. GLUTTHIONE-RELATED ENZYME ACTIVITIES 

GLUTATHIONE S-TRANSFERASE (GST) ACTIVITY 

Cisplatin treatment resulted in a significant decrease in GST activity in liver (-38%) 

at 24-48 h which recovered slightly at 72-96 h. In kidney, enzyme activity increased to 

about 9% during the 24 h ofcisplatin treatment but decreased (-13%) at 48-96 h which is 

significant at 72 h (-24%). The GST activity in DL cells decreased significantly after 

cisplatin treatment from 24-96 h (Fig. 14A). In the combination treatment of BSO and 

cisplatin GST activity did not change significantly in liver but in kidney it decreased 

significantly at 24 and 72 h of treatment. A significant decreased in GST activity was also 

found in DL cells after the combination treatment. (Table 11, 12 and 13). 

GLUTATHIONE REDUCTASE (GR) ACTIVITY 

As compared to control, GR activity in liver decreases to about 22% at 24 h of 

cisplatin treatment but increases gradually from 48-96 h of treatment. GR activity increases 

significantly in kidney but decreases in Dalton's lymphoma cells after cisplatin treatment 

from 24-96 h (Fig.I4B). After the combination treatment of BSO with cisplatin also GR 
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activity showed a significant increase in kidney from 24-96 h but decreases in Dalton's 

lymphoma cells (Table 11, 12 and 13). 

GLUTATHIONE PEROXIDASE (GPx) ACTIVITY 

1n liver and Dalton's lymphoma cells GPx activity decreased after cisplatin 

treatment for 24-96 h. In kidney GPx activity increased initially at 24 h but decreased during 

the later periods ( 48-96 h) of cisplatin treatment (Fig. 14C). Combination treatment of BSO 

with cisplatin decreased the GPx activity significantly in liver (48 h), kidney and Dalton's 

lymphoma cells at 24, 48 and 96 h (Table 11,12 and 13). 

CATALASE (CAT) ACTIVITY 

CAT activity was noted to decrease in all the three tissues studied i.e. liver, kidney 

and Dalton's lymphoma cells after cisplatin treatment for 24-96 h. (Fig. 14D). After the 

combination treatment of BSO with cisplatin also CAT activity decreased in these tissues. 

(Table 11, 12 and 13). 

SUPEROXIDE DISMUTASE (SOD) ACTIVITY 

In liver SOD activity decreased significantly after cisplatin treatment for 24-96 h but 

in kidney it increased at 24, 72 and 96 h. In Dalton's lymphoma cells enzymatic activity 

increases at 24-48 h but decreases sharply at 72-96 h of cisplatin treatment (Fig. I 4E). After 

the combination treatment of BSO with cisplatin SOD activity decreases significantly at 48-

72 h in liver from 24-96 h in kidney and Dalton's lymphoma cells. (Table 11, 12 and 13). ' . 
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4. PLATINUM UPTAKE 

Uptake of cisplatin by Dalton's lymphoma cells with or without depleted 

GSH was studied. Treatment with therapeutic dose of cisplatin (8 mglkg body wt.), showed 

that uptake of platinum by DL cells was maximum (3.6 J.lg Ptlg DL cells) after 8 hand then 

decreases significantly at 24-48 h of treatment (Fig. 18). When cisplatin was given in 

combination with BSO the uptake of platinum by DL cells was found to be increased than 

that of cisplatin treatment alone. In the combined treatment platinum uptake was maximum 

(S.6 J.lg/g DL cells) at 24 h and then decreased significantly at 48 h (Fig. 18). The 

concentration of platinum beyond 48 h of treatment was found to be beyond the detection 

limit of the inductively coupled plasma (ICP) spectrometer. 

5. SCANNING ELECTRON MICROSCOPY 

SCANNING ELECTRON MICROSCOPY OF DL CELLS 

Control tumour cells are rounded in shape with the presence of fine membrane 

ruffies over the surface distributed evenly over the cell membrane (Fig. !SA). After 8 h of 

cisplatin ( 4 mglkg body wt.) treatment the appearance of few membrane projections over 

the surface were seen (Fig. lSB). After 8 h of the combination treatment of BSO and 

cisplatin (4 mglkg body wt.), thickening of membrane projections and close contact with 

DL cells and phagocytic cells were seen (Fig. ISC). After 8 h of cisplatin (8 mglkg body 

wt.) treatment a slight shift of the membrane ruffies towards the periphery and the presence 

of a thicker membrane projection connecting to the phagocytic cell were noted (Fig. lSD). 

Combination treatment of BSO and cisplatin (8 mglkg body wt.), resulted in an increased 
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number of membrane projections distributing haphazardly over the cell surface (Fig. I SE). 

Combination treatment of cysteine and cisplatin (8 mg/kg body wt. ), caused shortening and 

reduction of the membrane projections (Fig. 15F). After one day (24 h) of cisplatin (8 

mg/kg body wt.) treatment, fusion of the phagocytic-DL cell membrane were frequently 

seen (Fig. I 5G). Formation of blebs over the surface of the DL cells was noted one day 

after the combination treatment ofBSO and cisplatin (8 mg/kg body wt.) Fig. 15 H. When 

cysteine was given in combination with cisplatin (8 mg/kg body wt.) for one day a reduction 

in blebs formation was seen (Fig. 151). A complete lysis of tumour cells was noted after 3-

4 days of cisplatin (8 mglkg body wt.) treatment (Fig.15J-K). 

6. MACROPHAGE-DL CELLS INTERACTION IN VITRO 

In vitro macrophage-DL cells interaction studies revealed very little interactions in 

the controls (Fig. 17). As compared to subtherapeutic dost< alone, combination treatment of 

DL cells in vivo with BSO plus subtherapeutic dose of cisplatin increase its interaction 

with macrophages. Interaction was prominent after 30 min of coincubation of DL cells 

with macrophages, the two cells were seen to interact with each other through long 

cytoplasmic bridge (Fig. 16. B-F). After 60 min of coincubation, the two cells come closer 

by shortening of the cytoplasmic bridge. Presence oflysed target cells were also seen (Fig. 

16. G-J). 

7. HOST SURVIVAL STUDIES 

A regular increase in tumour growth was noted in vivo with time following tumour 

transplantation. An early sign of tumour development was noted from 4-51h day onwards 
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after transplantation. Tumour-transplanted animals developed the ascites tumour and 

survived for 19.00±2.5 days post tumour transplantation (Fig. 19). The in vivo treatment 

was always done at log phase of tumour growth i.e. on the gu• day post tumour 

transplantation. 

Treatment with the subtherapeutic dose of cisplatin ( 4 mglkg body wt.) resulted in 

an increase in their mean survival time and about 10% of the animals survived up to 29 

days. In the group of tumourous mice treated with the therapeutic dose of cisplatin (8 

mg/kg body wt.) about 80% of the animals survived for more than 60 days and remained 

tumour free. In the combination treatment of BSO with subtherapeutic dose of cisplatin, 

about 40% of the animals survived upto 42 days (Fig. 19). Thus, the increase in life span 

(l.L.S.) was found to be about 53% in mice receiving subtherapeutic dose of cisplatin, 

more than 216% in group recieving therapeutic dose of cisplatin and about 123% in group 

recieving BSO plus subtherapeutic dose of cisplatin as compared to control (Fig. 19; Table 

14). 
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Fig. 1. Changes in total GSH (A) and non-protein thiol NPSH (B) in liver, kidney, 

testes, Dalton's lymphoma cells, bone marrow cells and spleen of mice before 

tumour transplantation (day '0') and on the 5°', IO'h and 15°' day of tumour 

growth. Results are expressed as mean ± S.D., Student's t-test, n = 5-6, liver, 

kidney, testes, bone marrow and spleen as compared to day '0'; Dalton's 

lymphoma cells as compared to day '5'. *P~ 0.05. 





Fig. 2. A: Total GSH contents in liver, kidney, testes, bone marrow and spleen fr~m 

normal and tumour-bearing mice at log phase of tumour growth (i.e. lOth day). 

Note a significant decrease in GSH in testes and increase in spleen in tumour

bearing mice. B: ·Total GSH and non-protein thiol (NPSH) content in 

splenocytes from normal mice (SN) without tumour, splenocytes from tumour

bearing mice (ST) and Dalton's lymphoma cells (DL) collected at the log 

phase of tumour growth. As compared to splenocytes (taken as normal 

counterpart of DL cells) from normal mice GSH as well as NPSH was 

significantly decreased in the splenocytes of tumour-bearing mice, but it was 

increased in DL cells. Results are expressed a:s mean ± S.D., Student's t-test, n = 

5-6, as compared to respective normal tissues. *P::> 0.05. 
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Table 1. Changes in total GSH cmd NPSH content (J.lmoles/g wet wt) in the tissues of tumour-bearing mice 

-fter cisol · -........ --.. ···--- ... 
i Treatment Lh•er Kidney Testes Bone marrow Dalton's lymphoma Spleen 
' ' 
' GSH I NPSH GSH I NPSH I NPSH GSH I NPSH I NPSH I NPSH ' GSH GSH GSH ' 1; Control 

"4- ;..,~ ;., ~j,t/ll 
p ,J, J. jp.J ? 

11.91 
(1.06) 

4.50 
(0.16) 

8.50 3.02 9.28 3.46 
(1.22) (0.55) (0.15) (0.18) 

3.28 0.46 4.43 0.67 9.95 2.91 
(0.17) (0.01) (0.26) (0.11) (0.14) (0.83) 

' 

: 

CP (24 h) 11.64 3.85 6.04 2.20 9.03 2.81 2.17 0.34 3.51 0.61 9.80 2.10 
(1.88) (0.20)• (0.42)* (0.28)• (0.29) (0.20)• (0.14)• (0.04)• (0.32)* (0.03) (0.14) (0.19)• 

CP (48 h) 11.68 4.01 6.52 2.44 9.08 2.89 2.20 : 0.35 3.82 0.62 8.13 2.02 
(0.42) (0.22)* (0.37}• (0.34) (0.23) (0.42)• (0.15)•' (0.02)• (0.21)* (0.04) (0.12)* (0.07)• 

CP (72 h) 11.75 4.08 6.94 2.71 9.10 3.04 2.61 0.38 4.02 0.62 9.10 1.95 
(0.13) (0.18)• (0.22)• (0.32) (0.33) (0.36) (0.12)* (0.01)• (0.32) (0.03) (0.11) (0.11)* 

CP (96 h) 11.84 : 4.12 7.68 2.83 9.11 3.10 3.01 ' 0.41 4.21 0.63 8.88 1.89 
(0.15) : (0.31)• (0.33) (0.33) (0.39) (0.22)* (0.26) : (0.02)• (0.45) !0.03) (0.17)* (0.14)* 

CP = cisplatin, was administered i.p. (8 mg!Kg body \\1.) to tnmour-bearing mice; Control= tissues from untreated turnourous hosts; 
NPSH =Non-protein thiols. Number in the brackets shows the S.D. of the respective mean value. Statistical analysis : Studeut' s !

test, n = 3 -4, as compared to respective control; *P 5 0.05. 



~g. 3. Graph showing the percent change in total GSH and non-protein thiol (NPSH) 

content in tissues (Liver, Kidney, Testes, Dalton's lymphoma cells, Bone marrow 

cells and Spleen) of tumour-bearing mice after a single dose of cisplatin (8 

mg/kg body wt.) treatment for 24-96 h. Results are expressed as mean± 

S.D., Student's t-test, n = S-6, as compared to respective control (C; tumour-

bearing mice without cisplatin treatment). *P:s; 0.05. / . 

pf.v,._ .:_, t/.al J.l-t
~1/ll/Ffl.. 

( f.>r»-- T ~ 1 _?) 

sJ.a},j;,~ wcJ,JZnv:> ...,;_ '/?. 
T~ 7. 

~(l ~t:-~~~ ;~o~:; 



= 120 Liver = 120 Dalton's lymphoma g g 
8 100 I~ _1-1-1 8 100 -f-I 0 0 
~ 80 ~ 80 
0 
~ ~ .... .... c: 60 c: 60 Q) Q) .... -•-Total GSH .... -•-Total GSH c: c: 
8 -e-NPSH 8 -0-NPSH 

40 40 
0 0 
:E :E 
1- 20 1- 20 

c 24 48 72 96 c 24 48 72 96 

Cisplatin treatment (h) Cisplatin treatment (h) 

= 120 Kidney = 120 Bone marrow 
0 e 
.b .... 
c: 100 

c: 100 0 

·~~~I 
0 

0 <..l 

·:-V 0 0 
~ 80 ~ 80 
0 0 
~ 

~ .... .... 
c: 60 

c: 60 Q) Q) .... -•-Total GSH .... -•-Total GSH 
c: -e-NPSH 

c: -e-NPSH 
0 0 
0 40 0 40 
0 0 
:E :E 
1- 20 1- 20 

c 24 48 72 96 l c r 24 48 72 96 

Cisplatin treatment (h) Cisplatin treatment (h) 

= 120 Testes g 
§ 100 ~ •-I 0 

~I-I-• ._ 
0 

::!< 80 
0 

= 120 e .... c: 
0 100 0 

0 
~ 80 
0 
~ 

-•-Total GSH 
-e-NPSH Spleen 

~ .... c: 60 .2! -•-Total GSH 
c: -e-NPSH 0 
0 40 
0 
:E 
1- 20 

.... c: 60 .2! c: 
8 40 
0 
:E 
1- 20 

c 24 48 72 96 ] 
Cisplatin treatment (h) 

c r 24 48 12 96 1 
Cisplatin treatment (h) 

Figure 3. 



Table 2. Quantitative changes in total GSH (J.lmoles/g) in the tissues of mice after 
BSO treatment. 

BSO Liver from Liver from Kidney Kidney from ! Dalton's 
I 

treatment normal mice tumour- from tumour- ! lymphoma 
(h) 

I 
bearing mice normal mice bearin~ mice ! cells 

0 : 11.72 ± 1.50 : 11.91 ± 1.06 : 8 .03 ± 1.58 : 8 .50 ± 1.22 : 4.43 ± 0.26 

_ {~?!~t!_~~---- - ~ ------ -- ----------- - ~- ------- ----- -- ---- _;- -------- ---- -- -- --~- -- -- -------- ---- ---- ; -----------------
2 ; I 0 .34 ± 1.23 ; 9.40 ± 0.45* ! 6.40 ± 0.41 ! 7.60 ± 0.38 ; 3 .70 ± 0.30* 

I I I I I 

- - -- ---------- - -~--- - ----- ------- ---- ~------ - -- ----------- · -------------------~- - -- ------ ---------- · ------------------
4 : 8.20 ± 0.87* ' 7.90 ± 0.40* : 5.52 ± 0.78* : 6 .64 ± 0.41* : 2 .85 ± 0. 16* 

I I I I 

I I I 0 I ······ ·· ·· ---- --r· · ···· · ·•••••·• • •··· r ········-···· · · ·· - · - ,· · · • •• • •• • •••• •••••r•·••····-····· ····· ·r ·· · ··········-···-
5 : 7. 10 ± 0 .07* : 7 .00 ± 0. 14* : 5.00 ± 0.58* : 6 .02 ± 0.20* : 2 70 ± 0.2 1 * 

I I I I I 

••••• • ••••••••• •~ • • ••••••••••••• •• •••L••••·• • ••• • •••••• • •• &•• •·••• • •••••••• •••~ • -•• • •• • • •• ••••••···'·······•••••••••• 

6 : 9 .02 ± 1.07* ~ 7.12 ± 0.27* ~ 6 .20 ± 0.44* ~ 6.20 ± 0 .30* ~ 2.41 ± 0 .3 1 * 
I I f I 

---- - - ----------~--- - ------ - - -- ------~- - -------------- -- -- · -------- - -- -··-·- · -~ - - ---------- - - ------ · ---···--·-·------
8 : 9.41 ± 1.10* : 7.41 ± 0.37* : 6 .30 ± 0.58 : 6.80 ± 0.15* : 2.00 ± 0 13* 

I I I I t 

I t I I I --· - ·-- -·---·--·r·----------- --------r- ---- ---------------,-------------------,--------------- ----- -r--- --- --- - · -·- -- -
10 : 9.64 ± 0 .78* : 7 .90 ± 0.29* : 7 .00 ±0.26 : 7 .2 1 ±0.25 : 2.30 ± 0 .17* 

t I I I 

- ------ - - - ------~------------- - ------~-------- - -- ·- ------- ' --·------- - --- ---·-~-------------- - - -- - - ~ -- -- - - - --- ----- - -
12 : 10.11 ± 0.29* : 8.5 1 ± 0.44* : 7 .60±0.41 : 7.76±0.34 : 3. 10 ± 0 . 15* 

BSO = L-buthionine-IS.RI -sulfoximine. was adminjstered intrapcritoncally (i .p.) at the dose of 5mM!Kg 
bod~ \\eight. Statislicul anal) sis: Student 's H cst: n - 5..(): significant!) difTcrenl from rcspccli\ C control . 
+p ~ 0 .05. 



Fig. 4. Graphs showing the pattern of reduction in total GSH (A) and non-protein 

thiol NPSH (B) content in liver, kidney and Dalton's lymphoma cells of normal 

(without tumour) and tumour-bearing mice after a single dose of L

Buthionine-(S,R)-sulfoximine (BSO; 5mM/kg body weight) treatment. 
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5. Histograms showing the comparative changes in total GSH and non-protein thiol 

(NPSH) content in the tissues of tumour-bearing mice collected 24 h after a 

single dose of CP = Cisplatin (8 mg/kg body wt.) and after the combination 

treatment of a single dose L-Buthionine-(S,R)-sulfoximine (BSO; SmM/kg 

body weight) 8 h prior to cisplatin (CP). A: Liver; B: Kidney; C: Testes; D: 

Dalton's lymphoma cells; E: Bone marrow and F: Spleen. Results are expressed 

as mean ± S.D., Student's t-test, n = 5-6, as compared to respective control ( C; 

tumour-bearing mice without treatment). *P~ 0.05. 
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<ig.12. Histology of kidney from mtce under different experimental conditions. A: 

Untreated nom1al mouse kidney showing zonal variation extending from 

cortex to the medulla. B: Enlarged view of section (A) . C: Section of 

kidney 5 days afler cisplatin ( 4 mg/kg body wt.) treatment showing a slight 

tubular dilation (arrows) . 0 : Section of kidney 5 days after cisplatin (8 

mg/kg body wt.) treatment showing atrophied tubules (arrows). E : Section 

of kidney 5 days after the combination treatment of BSO plus cisplatin (8 

mg/kg body wt.) treatment showing degenerated and damaged lining membrane 

tubules (arrows). F: Section of kidney 5 days after the combination 

treatment of BSO plus cisplatin ( 4 mg/kg body wt.) showing lesser tubular 

damage than the therapeutic dose (arrows). Scale bar A- 40 ~; B-F-1 00 ~· 
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Fig. II. Photomicrographs representing some sperm abnormality induced by cisplatin. A: 

.P}""-'~ 
(~ 

Normal sperm; B: Sperm with double head; C: Sperm with round head; 0 : 

Sperm with baJion-shaped head; E: Sperm with hook-shaped head; F: 
l 

Sperm with d~ head; a:.J: Sperm with amorphous head; K: Sperm with 

doubled tail. Magnification A-1 x 400. 'l 
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Fig. tO. Photomicrographs ·of metaphase chromosome spreads of ascites Dalton's 

lymphoma cells after cisplatin treatment. A: Control, having one metacentric 

marker chromosome (arrow). B, C: Cisplatin treated tumour cells representing 

various types of chromosomal aberrations such a~ chromatid interchanges, 

chromatid gaps and chromatid breaks (arrows). 
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Fig. 9. Photomicrographs of bone marrow metaphase spreads representing various 

types of chromosomal aberrations induced by cisplatin. A: Control, showing 

normal complement (2n = 40) of chromosomes. B, C: Cisplatin treated bone 

marrow cells showing chromatid gaps, chromatid breaks, acentric fragments 

~ ~~-fj_~ and chro~atid exchanges (arrows). An artifact in the form of black dot due to 

;¥ flo- "" ~ camera error should be taken note of. wr 
~rJt· 
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Table 9. Development of micronuclei (Mean % ± S.D) in bone marrow cells after cisplatin treatment 
in vivo. 

Treatment Po]ychroffiatic- ---fNormochromatic ___ ! Nucleated cells 
En'lhrocytes i Er)throcytes 

Canro1 0.13 ±0.05 : 0.06±0.04 : 0.16±0.06 

CP(8mg'kg bodym.) 1.26 ± 0.12' 0.53 ±0.13• 0.50 ±0.10' 

BSO + CP(8mg'kg body"t.) 2.68 ± 0.09*
8 0.92±0.11' 0.66±0.14' 

Cyru:ine + CP(8mg'kg body"t.) 0.43 ± 0.04*8 0.19±0.05*
8 0.15±0.oJ' 

CP(4mg'kg bodym.) 0.56±0.14' 0.46±0.05• o.Jo ±o.os• 

BSO + CP(4mg<kg bodym) 1.60±0.10* 0.56 ±0.09' 0.41±0.03' 

CP = Cisplatin, \\as given as a single dose (Smg and 4 mg/Kg body wt. i.p.). BSO = L-Buthionine-[S,R]-sulfoxirnine 
was administered at a single dose of 5 mM!Kg body \\t., i.p. 8 h prior to cisplatin treatment. Cys =Cysteine, was 
given (200 mg/Kg body wt) i.p. 30 min prior to cisplatiu treatment. Results are ex-pressed as mean±S.D. Student's 
!-test, n = 3-4; as compared to control(') and to respective treatment with cisplatin alone [ ']. •·'p,;; 0.05. 

l_ 
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Table 8. Frequenc,v of chromosomal aberrations in Dalton's Ivmpboma cells of mice under different treatment conditions in vivo. 
Treatment ! No. of ! No. of ! Average chromosomal aberrations per 100 cells ! Aberrations 

metaphases : aberrant : : per cell ± S.D. 
scored ; metaphases : · : 

Otromatid Gaps lsochromatid Chromosomal Exchanges : 
breaks breaks fragments : 

Control 400 24 2.00 2.00 0.02± 0.00 

CP(8mgikgbodym.)24h 300 256 321.00 32.00 51.00 106.00 29.00 5.07± 0.34' 

CP(8mgikgbodywt.)48h 300 268 306.00 26.00 45.00 96.00 26.00 4.73± 0.20' 

CP(8mgikg bodywt.) 72 h 300 264 281.00 10.00 37.00 86.00 17 .00 4.21 ± 0.30' 

CP(8mgikgbodym.)96h 300 241 262.00 6.00 29.00 72.00 9.00 3.72± 0.13' 

BSO+CP(8mgikgbodywt.)24b 300 263 356.00 42.00 72.00 140.00 35.00 6.03± 0.43'' 

BSO+CP(8mgikgbody"t.)48h 300 277 318.00 47.00 56.00 112.00 31.00 5.17± 0.59' 

BSO+CP(8mgikgbody"t.)72b 300 270 291.00 26.00 47.00 94.00 25.00 4.57± 0.38' 

BSO+CP(8mgikgbodym.)96h 300 261 275.00 12.00 31!.00 85.00 19.00 4.17± 0.17'' 

C)o + CP(8mgikg body"t.) 24 h 300 198 230.00 3.00 22.00 40.00 10.00 3.01 ± 0.07'' 

CP(4mgikg bodywt.) 24 h 400 218 194.00 21.00 32.00 82.00 19.00 3.27 ± 0.32' 

BSO + CP(4ms1<g body\\t.) 24 h 400 145 201.00 31.00 39.00 124.00 19.00 3.83± o.29,• 

CP = Cisplatin, was given as a single dose (8 mg and 4mg/Kg body wt, i.p.). BSO = L-Buthionine-[S,R]·sulfoximine was administered at a single dose 
of 5 mM/Kg body wt., i.p. 8 h prior to cisplatin treatment. Cys = Cysteine, was given (200 mg/Kg body wt) i.p. 30 min prior to cisplatin treatment. 
Gaps have not been included. Results are expressed as mean±S.D. Student's t-test, n = 3-4; as compared to control (')and to respective treatment 

"ith cisplatin alone [ ']. •·'p S 0.05. 
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Table 7. Frequency of chromosomal aberrations in bone marrow cells of mice under different cisplatin treatment conditions 
in vivo. 
Treatment : No. of No. of Average chromosomal aberrations per I 00 cells Aberrations 

meta phases aberrant per cell ± S.D. 
scored metaphases 

Chromatid Gaps Isochromatid i Chromosomal Exchanges 
breaks breaks i fral)!!!ents 

Cootro1 600 3 0.26 0.32 ' 0.16 0.004 ± 0.001 
' ' ' ' 

CP(8mg/kgbodywt.)24 b 300 181 128.00 21.00 31.00 ' ' 
22.00 8.00 1.890± 0.140' 

' CP(8mg/kg bodywt.) 48 h 400 104 23.00 6.00 5.00 2.00 
' 

2.00 0.320 ± 0.036' 

CP(8mg/kg bodywt.) 72h 500 86 22.00 4.00 4.00 2.00 2.00 0.300 ± O.D18' 

CP(8mg!kg body "t.) 96 b 400 43 14.00 3.00 1.00 1.00 2.00 0.180± 0.012' 

BSO + CP(8mg!kg body "t.) 24 b 300 219 202.00 32.00 44.00 36.00 11.00 2.93 ± 0.22 *8 

BSO + CP(8mg!kg bodywt.) 48 h 300 192 70.00 21.00 25.00 5.00 7.00 1.07 ± 0.07*8 

BSO + CP(8mg!kg bodywt.) 72 b 300 88 36.00 17.00 11.00 6.00 5.00 0.58 ± 0.02*
8 

BSO + CP(8mg/kg body wt.) 96 b 300 so 21.00 8.00 9.00 5.00 3.00 0.38± 0.01*8 

C}' + CP(8mg/kg body wt.) 24 h 400 128 6.00 2.00 2.00 3.00 1.00 0.12± 0.01*8 

CP(4mg~kg body"t.) 24 h 400 98 118.00 13.00 18.00 15.00 ' 11.00 1.62±0.11' 
' 

BSO+ CP(4mg/kgbody"t.) 24 h 400 185 143.00 20.00 31.00 24.00 ' : 8.00 :2.06±0.16*
8 

CP = Cisplatin, was given as a single dose (8 mg and 4mg/Kg body wt, i.p.). BSO = L-Buthionine-[S,R]-sulfoximine was administered at a single dose 
of 5 rnMIKg body wt, i.p. 8 h prior to cisplatin treatment Cys =Cysteine, was given (200 mg/Kg body wt) i.p. 30 min prior to cisplatin treatment. 
Gaps have not been included. Results are expressed as meas±S.D. Student's t-test, n = 3-4; as compared to control(') and to respective treatment with 
cisplatin alone [ ']. •·'p $ 0.05. 
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Table 11. Changes in some GSH related enzyme activities (specific activity) in the liver 
of tumour -bearin mice after cis latin treatment. 
Treatment GST GR GPx Catalase SOD 

Control 2.10 ±0.41 0.41 ± 0.08 1.93 ± 0.34 11.01 ± 0.04 2.61 ±0.01 

Cisplatin (24 h) 1.20 ±0.16* 0.32 ±0.07 0.76 ±0.12° 6.15±0.21° 0.65 ±0.01° 

Cisplutin (48 h) 1.41 ±0.11* 0.44 ±0.06 0.78 ±o.o5• 6.83 ±0.01° 0.49 ± 0.03* 

Ci,plutin (72 h) 1.67 ± 0.31 0.56 ± 0.13 0.71 ±0.11* 5.52 ± 0.06* 0.65 ± 0.02° 

Cisplatin (96 h) 1.83 ± 0.40 0.61 ±0.10* 0.64 ±0.08* 9.60±0.21° 0.66 ± 0.06* 

BSO + Cisplatin (24 h) 1.96 ± 0.34 0.67 ±0.12* 1.90 ±0.27 8.34 ±0.19* 1.89 ± 0.02 

BSO + Cisplalin (48 h) 1.47 ± 0.39 0.67 ±0.10* 0.67 ± 0.11* 8.01 ± 0.47* 1.06 ± 0.01* 

BSO + Cisplatin (72 h) 1.63 ±0.18 0.46 ±0.09 1.34 ± 0.08 7.16 ±0.50* 0.98±0.01* 

llSO + Cisplatin (96 h) 2.14 ± 0.45 0.57 ± 0.11 1.87 ± 0.35 11.75 ±0.15 1.86 ± 0.02 

GST = Glutathione ·S-trnnsfcrosc~ OR = Ultathione reductase~ Ol'x = Glutathione peroxidase~ SOD = Supcroxi 
dismutasc. Unit of enzyme activity is defined as the amount of enzyme cntulyzing tl1e conjugution of I ~11111 

CDNB/min (GST), the reduction of I J.lillOle NADPH/min (GR), oxidation of I J.lillolc NADI'lllmin (GP 
decomposition of I nunole H,O,hnin (catalase), inhibiting 50% rate ofNADPH oxidation (SOD). Enzyme spcci 
acitivity = Units/mg protein. Results are expressed as mean ± S.D. Student's t-test, n= 5-6, as compared 
respective control. •p s; 0.05. 
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Fig.l3. Histological observation of testis of mice under different experimental conditions. 

A: Untreated, control mouse testis showing germinal epithelium (GE), 

seminiferous tubules (ST), and interstitial cells (IC) (arrows). B: Enlarged 

v1ew of section (A). C: Testis 5 days after cisplatin (4 mg/kg body wt.) 

treatment showing a slight deranged spermatogonial mass (arrows). D: Testis 

after 5 days of cisplatin ( 8 mg/kg body wt.) treatment showing vacuolated 

seminiferous tubules (arrows). E: Section of testis 5 days after the combination 

treatment of BSO plus cisplatin ( 8 mg/kg body wt. ) showing broken 

seminiferous tubules (arrows). F: Section of testis 5 days after the 

combination treatment of BSO plus cisplatin (4 mg/kg body wt.) showing a 

slight broken and vacuolated seminiferous tubules (arrows) . Scale bar A- 40 ll; B

F- 100 J..l. . 
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:. 6. A: Graph showing the total GSH content in liver (!1 moles /g wet wt.), 

Dalton's lymphoma cells (!1 moles /g wet wt.) and blood (mg/ml) collected from 

mice on day 0, 5, 10 and IS of tumour growth. Results are expressed as mean± 

S.D., Student's t-test, n = S-6, liver and blood as compared to day '0' and 

Dalton's lymphoma cells as compared to day '5'. *P::s; 0.05. 

B: Graph showing the comparative changes in total GSH content m 

Dalton's lymphoma cells (!1 moles /g wet wt.), splenocytes (!1 moles /g· wet 

wt.}, blood (mg/ml) and ascites supernatant (!1 moles /ml) after cisplatin (8 

mg/kg body wt.) treatment. Results are expressed as mean± S.D., Student's t

test, n = S-6, as compared to control (0 =time before treatment). *P::s; 0.05. 
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Fig. 7. A: Graph showing the interelationship of changes in normal RBCs, abnormal 

RBCs and total blood GSH content in tumour-bearing mice after the treatment 

with cisplatin alone or after the combination treatment of a single dose BSO and 

cisplatin. 

B: Histogram showing the improvement with morphological abnormalities in 

RBCs in tumour-bearing mice after the combination treatment of cysteine plus 

cisplatin. Cysteine administration caused an increase in blood GSH level and 

decrease in abnormalities in RBCs. Results are expressed as mean ± S.D., 

Student's t-test, n =5-6, as compared to control. *P~ 0.05. 
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Table 3. Changes in blood glutathione level in the tumour-bearing mice 
after cis latin treatment. 

Treatment GSH (mg/ml) 

Normal 0.85 ± 0.09 

Control 0.64 ± 0.10 

Cisplatin (24 h) 0.57 ± 0.02 

Cisplatin (48 h) 0.47 ± 0.06* 

Cisplatin (72 h) 0.40 ± 0.01* 

Cisplatin (96 h) 0.42 ± 0.08* 

BSO + Cisplatin (24 h) 0.45 ± 0.12 

BSO + Cisplatin (48 h) o.42 ± o.os• 

BSO + Cisplatin (72 h) 0.37 ± 0.06* 

BSO + Cisplatin (96 h) 0.39 ± o.o5• 

Cysteine + Cisplatin (24 h) 0.83 ± 0.03* 

Nonnul - Ulood from tl1e mice wiU10ut twn ur or treaunent; Control- Blood from UJC tw Jour
bearing mice without treutrocnt. DSO = L-Duthionine-{S,R)-Sulfoximine (SmM/kg body wt.) 
was given 8 h prior to cisplntin (8 mglkg body wt.) treatment. Cysteine (200 mglkg body wt.) 
was given 30 min prior to cisplatin treatment. Results are expressed as Mean± S.D. 
Student's !-test, n = 5-6, as compared to control. •p,; 0.05. 



Table 4. Haematological changes (Mean ± S.D.) in the tumour-bearing mice following 
cisplatin, BSO + cisplatin and cysteine + cisplatin treatment. 

Treatment Hb (gldl) RBC (xl012/l) WBC (x109/l) PCV(%) 

Normal 14.74 ± 1.32 7.84 ±0.59 5.56 ±0.18 0.54 ± 0.()2 

Control 13.45 ±0.84 6.84 ±0.58 6.85 ±0.16 0.52 ±0.02 

Cisplatin (24 h) 11.11 ±0.12* 4.01 ±0.20* 6.20 ± 0.19* 0.35 ±0.03* 

Cisplatin (48 h) 11.94 ± 0.44* 3.71 ±0.59* 5.07 ±0.20* 0.33 ± 0.01* 

Cisplalin (72 h) 12.10 ± 0.76 4.15 ±0.37* 3.21 ±0.17* 0.38 ±0.03* 

Cisplalin (96 h) 12.75 ±0.60 5.88 ±0.96 2.86± 0.19* 0.42 ±0.02* 

BSO + Cisplatin (24 h) 9.84 ±0.56* 3.08 ±0.18* 5.21 ± 0.20* 0.40 ±0.02* 

BSO + Cisplalin (48 h) 9.39 ±0.90* 3.06 ±0.35* 4.60 ±0.21* 0.31 ±0.01* 

BSO + Cisplatin (72 h) 9.33 ± 0.52* 3.34 ±0.23* 2.06 ± 0.19* 0.33 ±0.01* 

BSO + Cisplatin (96 h) 9.44 ± 0.36* 3.60 ± 0.42* 1.01 ± 0.04* 0.37±0.03* 

Cysteine + Cisplatin 12.80 ±0.21 7.65 ±0.74 5.20 ±0.76* 0.48 ± 0.04 

(24 h) 

Hb - Haemoglobin; RDC Red blood cells; WBC White blood cells; PCV -= Packed cell volume. BSO == L-buthionine{S,R)-
sulfoximinc, (5 mM!Kg body wt) was given 8 h prior to cisplatin (8 mg!Kg body wt) treatma1L Cysteine (200 mglkg body v.t.) was 
given 30 min before the cisplatin treatnunl Studoot's t-tesl, n = 4. ns compared to control (untreated tumour-bearing mice). "P S 0.05. 



Table 5. Differentialleucocytes counts (Mean% ± S.D.)in the blood of tumour-bearing 
mice following cisplatin, BSO + cisplatin and cysteine+ cisplatin treatments. 

Treatment Eosinophils N eutrophils Basophils Lymphocytes Monocytes 

Normal 1.56 ±0.16 16.53 ± 1.40 2.25 ± 0.41 75.54 ± 2.53 4.12 ±0.61 

Control 6.57 ± 1.54 65.80 ±6.93 0.78 ±0.13 26.24 ± 3.46 1.44 ±0.17 

Cisplatin (24 h) 5.04 ± 1.25 82.61 ± 2.89• 0.43 ± 0.03• 10.06 ± 0.56• 1.86 ± 0.14• 

Cisplatin ( 48 h) 4.89 ±0.98 78.14 ± 1.11• 0.34 ±0.03• 14.67 ± 0.84• 1.96±0.19* 

Cisplatin (72 h) 6.32±0.19 77.86 ± 5.96• 0.21 ± o.o8• 13.72 ± 1.47• 1.83 ± 0.28 

Cisplatin (96 h) 6.77±0.36 79.09 ±2.JO• 0.61 ± 0.03• 11.65 ± 0.78• 1.88 ± 0.36 

BSO + Cisplatin 4.25 ±0.55• 76.01 ±6.86 0.58 ± 0.03• 17.13 ±7.18• 2.03 ± 0.45• 
(24 h) 
BSO + Cisplntin 3.91 ±0.46• 75.84 ± 1.20• 0.50 ±0.02* 18.06 ± 1.99• 1.69 ± 0.12 
(48 h) 
BSO + Cisplatin 4.63 ±0.84 71.13 ± 0.44 0.40 ± 0.01• 21.82 ±2.21 2.02 ± 0.19• 
(72 h) 
BSO + Cisplatin 4.16 ±0.91• 73.14 ±0.75 0.45 ± 0.09• 20.85 ± 0. 95· 1.40 ± 0.10 
(96 h) 

. 1.86±0.31• 81.42 ±2.10 0.58 ± 0.08* 13.61 ± 2.42* 2.53 ± 0.97* 

Nonual - Bloo.d from the mice without tmnour or treatment, Control = IJlood from the tumour-beanng mice without 
treatment. BSO = L-Bulhionine..(S,R)-Sulfoximine (5mM/kg body wt.) was given 8 h prior to cisplatin (8 mglkg 
body wt.) treatment. Cysteine (200 mglkg body wt) was given 30 min prior to cisplntin treatment. Rcstilts 
are expressed as Mean± S.D. Student's t-test, n =5-6, as compared to control. •p s 0.05. 



~ig.S. Scanning electron microscopic images representating various types of 

abnormal erythrocytes morphology induced by cisplatin. A: Normocytes (having 

smooth surface and biconcave in nature; arrow). B: Microcytes (having lesser 

f";.V"'diameter than the normocytes; arrow) and macrocytes (having larger diameter; 

arrow). C: Acanthocytes (showing few hom-like projections over the surface; 

arrow). D: Scalloping (with folded membrane; arrow). E: Shistocytes 

(fragmented membrane; arrow). F: Stomatocytes (presence of a slot-like 

structure at the centre of the cell; arrow). G: Ovalocytes, (cells with oval shaped; 

~ v arrows) and elliptocytes, (cells having an eliptical shaped; arrow). H: Echinocytes, 

(showing serrated-projections distributed over the surface; arrow). I: 

Spherocytes, (cells having spherical shaped and lost its biconcave nature; 

arrow). J: Burr cells, (showing spiny projections over the surface, arrows). 

Magnification: A-F x 2000; G-J xi! 00. 
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development of vanous morphological abnormalities 

Uurr 
cells 

Nom1al 92.6 0.10 0.10 1.0 1.0 10 0. 1 010 400 
(H4) (0.01) (0.01) (0.21) (0.16) (0.01) (0.01) (0 01) (020) 

Control 128 0.10 0 20 0.10 0.20 0.30 2.70 310 O.JO 820 010 120 
(6. 16) (0.0 1) (0.01) (0.01) (0.01) (0.0 1) (0.24) (016) (0.0 1) (0.2~) (0.02) (0.20) 

CP (24 h) H .6 3.~0 6.20 0.32 3.~0 0.32 7.10 20 60 098 0 91 1.30 1.90 
(2.13)• (0.40)• (0.02)+ (0.02)• (OAO)• (002) (0.20)" (0.49)" (0 0~)· (004)" (0.4~)· (0.32) 

cr (48 h) 440 040 1.24 0.43 0 .. 33 0.10 9.72 32.0 043 4 ,,. 1.70 4.27 
(3.43)• (0.02)" (0. 16) 0 (0.04)• (0.02)• (0.02)• (0.33)0 (2.0l)" (0.04)• (0 12)0 (0 24)" (0.71)" 

C l' (72 h) ,8.6 1.01 0.19 0.17 0. 18 0. 16 1.44 306 1.26 11.30 I 08 1.48 
(1.47)• (0.01)" (0.02) (0.01)" (0.01) (0.01)" (0.36) 0 (0 25)" (0.28)0 (0.90)• (0.06)• (0.24) 

CP (96 h) 72.0 0.22 0.8& 0.22 0.22 o.n 3.74 13.92 0.22 I l-l 044 !1.72 
(6 .. B) (0.01)" (0.01)" (0.02)0 (0.02) (0.04)• (0.33)• (0 . .13)• (0.02)• (0.21)" (0.02)" (041)" 

11SO + CP 3.1.6 2.49 149 0. 16 069 1.66 4.48 9 16 1.66 39 10 0.16 3.3~ 

(24 h) (3.92)• (0.20)• (0.09)• (0.02)0 (0.04)" (032)0 (0.40)• (0 -16)• (0.32)• (1.63)• (0 02)" (0.28)• 

BSO ~ Cl' 49.00 360 3.00 061 0.34 0.61 7.10 1000 1.70 17 10 0.34 6-16 

(48 h) (2.6t)• (0.32)• (0.40)• (0.04)0 (0.04)• (0.01)" (0.21)• (0 Sl)• (04 t )• (0. ~1). (002)• (0.40)• 

liS() I CP ~2 . ~2 2 69 0 ~0 0. 16 0.~0 1.30 6.00 12.00 1 10 10.00 OB uo 
(72 h) (6.32)• (0.32)• (0.04)" (0.01)" (0.01)" (0.2·1)" (0.32)• (0 II) • (0.16)• ( 1.21)• (001)• (O.J7)• 

11SO +- CP .19.6.1 0.2 1 1.00 0.63 1.47 0.84 4.80 10.00 1.47 n .oo 0 63 6.30 

(96 h) ( 1.7.5)" (0.02)• (0.16)• (0.03)• (0.39)" (0.04)0 (0.20)• (0.40)• (0.20)• (0 '2)• (004)• (0.37)• 

CP - Cisplatin: 11SO J, buthionine-{S,R}-sulfoximine, (5 mM/ Kg body wt) wu given 8 h prior lo cisplnlm (8 mg~Kg body \\1) 

treatmcnL Number in the brnckct.s shows the S .D of the respective mean value. Students's l-t~ n - 3-4, as compared to respective 

control •p s 0.05. 



Table 12. Changes in some GSH related enzyme actlvttles (specif;ic activity) m the 
Kidne of tumour -bearin mice after cis latin treatment. 

Control 

Cisplatin (24 h) 

Cisplatin (48 h) 

Cisplatin (72 h) 

Cisplatin (96 h) 

BSO + Cisplatin (24 h) 

BSO + Cisplatin (48 h) 

BSO + Cisplatin (72 h) 

BSO + Cisplatin (96 h) 

1.!0 ± 0.19 0.27 ± 0.08 0.53 ± 0.08 

1.20±0.18 0.46±0.04• 0.78±0.04• 

0.95 ± 0.11 0.68 ± 0.10• 0.65 ± 0.11 

0.84±0.11• 0.61 ±0.13· 0.47±0.04 

0.98 ± 0.23 0.64 ± 0.14• 0.56 ± 0.08 

o.3s ± o.o3• 0.46 ± o.o6• o.ss ± o.o9• 

0.92±0.22 0.83±0.11• 0.86±0.15• 

0.76 ± o.1s• o.s1 ± 0.12• o.s9 ± o.o9 

1.23 ± 0.38 0.52 ± 0.09• 0.93 ± 0.17• 

4.51 ±0.02 

1.46± o.o8• 

1.63 ± 0.03• 

0.80 ±0.01• 

2.37±0.04• 

3.39±0.16 

1.92 ± o.o2• 

1.44 ± 0.03• 

o.63 ±O.o2• 

1.32 ±0.03 

2.17 ±0.02• 

1.32 ±O.QJ 

1.51 ±0.04• 

1.62 ± o.oz• 

2.00 ±0.03• 

2.02±0.02• 

2.04 ±0.01• 

2.43 ± 0.03• 

GST- Glutathione -s-lrrulSfcrnsc; GR- G tathione reductase; GPx - Glutathione peroxidase~ OD - Supcroxitlc 
dismutase. Unit of enzyme activity is defmed as the amount of enzyme catalyzing the conjugation of I I'IIlole 
CDNB/min (GST), the reduction of I I'IIlOle NADPII/min (GR), oxidation of I I'IIlole NADI'Himin (Gl'x), 
decomposition of I mmole 1120 2/min (catalase), inhibiting SO% rate ofNADPII oxidation (SOD). Enzyme specific 
acitivity = Units/mg protein. Results are expressed as mean ± S.~ Student's !-test, n= S-6, as compared to 
respective control. •p,; 0.05. 



Table 13. Changes in some GSH related enzyme activities (specific activity) in Dalton's 
lm homa cells after cis latin treatment. 
Treatment GST GR GPx Catalase SOD 

Control 1.28 ±0.19 0.37±0.08 5.06 ± 1.08 5.87 ±0.31 2.82 ±0.12 

Cisplatin (24 h) 0.43 ±0.05* 0.29 ±0.03 1.80 ± 0.24* 1.13 ± 0.06* 3.10 ±0.05* 

Cisp1ntin (48 h) o.ss ± o.o4• 0.37 ± 0.05 2.06 ± 0.23* 0.85 ± 0.06* 4.49 ± OJJ5* 

Cisp1ntin (72 h) 0.25 ±0.03* 0.25 ±0.03° 0.91 ± 0.13* 0.73 ± 0.04° 1.04 ± 0.03* 

Cisplatin (96 h) 0.26±0.04* 0.27 ±0.02 0.94 ±0.14* 0.52 ±0.04• 1.03 ± 0.07° 

BSO + Cisplatin (24 h) 0.11 ±0.02* 0.28 ±0.02 1.56 ± 0.29* 0.21 ± 0.01* 4.03 ±0.04* . 

BSO + Cisplatin (48 h) 0.10 ±0.02* o.2s ± o.o2• 1.52 ± o.2s• 0.19 ±0.01* 4.34 ±o.ts• 

BSO + Cisplatin (72 h) 0.26 ±0.05* 0.36 ±0.03 1.96 ± 0.22* 0.27±0.02* 6.05 ± 0.12* 

BSO + Cisplatin (96 h) 0.40±0.11* 0.27±0.02 1.86 ±0.17* 0.58 ± 0.0!• 6.08±0.17* 

GST - Glutathione -s-transfcrusc; GR- G!tuthionc reductase; GPx - Glututl1ione pcroxidusc; SOD - Supcroxidc 
dismutase. Unit of enzyme uctivity is defined as the nmount of enzyme catalyzing tl1e conjugation of 1 IJlUO!c 
CDNB/min (GST), the reduction of I ~tmole NADPH/min (GR), oxidation of I IJlllOle NADPH/min (GPx), 
dccmuposilion of 1 mmolc ll20,imin (cutuluse), inhibiting 50% rntc of NADPll oxidulion (SOD). Enzyme specific 
ncitivily = Unitslmg protein. Results are expressed ns mean ± S.D. Student's t-tcst, n= 5-6, ns l:omparcd to 
respective control. •p ,; 0.05. 



;.14. Histogram showing the comparative changes in glutathione-related enzyme 

activities in liver, kidney and Dalton's lymphoma cells (DL) of tumour-bearing 

mice after cisplatin treatment (24-96 h). A Glutathione-s-transferase (GST); B: 

Glutathione reductase (GR); <;: Glutathione peroxidase (GPx); D: Catalase; E: 

Superoxide dismutase (SOD). Enzyme specific activity = Units/mg protein. 

Results are expressed as mean ± S.D; Student's t-test, n = 5-6, as 

compared to respective control (tumour-bearing mice without treatment). *P~ 

0.05. 
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:.15. Scanning electron microscopic •mages of ascites Dalton' s lymphoma cells 

morphology afler cisplatin treatment in vivo. A: Control, showing rounded 

shaped, presence of fine membrane projections and ruffles distributing evenly 

over the cell surface (arrows). B: 8 h of cisplatin (4 mg/kg body wt.) treatment 

showing few membrane projections over the cell surface. Some phagocytic cell ').. 

are seen attaching to the tumour cells (arrows) . C: 8 h after the combination 

treatment of BSO plus cisplatin (4 mg/kg body wt.), showing thicker 

membrane projections connecting each other and to the phagocytic cells 

(arrows). 
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D: 8 h of cisplatin (8 mg/kg body wt.) treatment showing a slight shift of 

the membrane ruffles .towards the periphery and the presence of a thicker 

membrane projection connecting to the phagocytic cell. A small membrane 

bleb are seen (arrows). E: 8 h after the combination treatment of 

BSO plus cisplatin (8 mg/kg body wt.), showing an increased in the 

number of membrane projections distributed hapazardly over the cell surface 

(arrows). F: 8 h after the combination treatment of cysteine (200mg!kg body 

wt.) 30 min prior to cisplatin (8 mg/kg body wt.), showing a reduction in the 

length and number of membrane projections (arrows). 
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G: 24 h after cisplatin (8 mg!kg body wt.) treatment showing the fusion of the 

two cell membranes with one side showing the continuity of the tumour 

cell membrane with the phagocytic cell (arrows). H: 24 h after the 

combination treatment of BSO plus cisplatin (8 mg/kg body wt.), showing 

blebs formation (arrows). I: 24 h after the combination treatment of 

cysteine plus cisplatin (8 mg/kg body wt.), showing a reduction in blebs formation 

(arrows). 
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J-K: 3-4 days after cisplatin (8 mg/kg body wt.) treatment showing complete 

tumour cell lysis (arrows) . 
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Fig. l 6. Light micrographs of Dalton 's lymphoma-macrophage cells interactions 111 

vitro. A: Control, showing the mixed population of tumour cells and 

macrophages without any interaction. B-F: culture showing the various 

interactions of Dalton's lymphoma cells wi th macrophages through long 

processes (arrows). G-J: showing short cytoplasmic bridges (arrows). 
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ig. J 7. Histogram showing the variations in the macrophage-Dalton 's lymphoma (DL) 

cell s interaction in vitro. Control = without cisplatin treatment. DL cells were 

treated for 24 h in vivo with cisplatin or BSO plus cisplatin and then co-cultured 

with macrophage for 24 h. BSO (SmM/kg body wt .) was given 8 h prior to 

cisplatin . Results are expressed as mean ± S .D~ Student's t-test, n = S-6, as 

compared to control (*) and 4mg cisplatin (a). a,. P~ 0.05 . 
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<ig.l8. Histogram showing platinum (cisplatin) uptake by Dalton's lymphoma (DL) cells 

after cisplatin (8 mglkg body wt.) treatment in vivo. BSO was given 8 h 

prior to cisplatin. Results are expressed as mean ± S.D; Student's t- test, n = 

5-6, as compared to 8 h treatment. *P:<> 0.05. 
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Fig.19. Graph showing the survival pattern of tumour-bearing mice after different 

treatments. Control = tumour-bearing mice without treatment. Subtherapeutic 

( 4 mglkg body wt.) and therapeutic (8 mglkg body wt.) dose of cisplatin was 

given on the 10th day post tumour transplantation. BSO (SmM/kg body wt.) was 

given 8 h prior to cisplatin treatment. Results are expressed as mean of 3 

independent experiments. 
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Table 14. Antitumour activity of cisplatin and BSO + cisplatin against murine ascites 
Dalton's lymphoma 

Treatment Day of No. of mice in Survival days I.L.S. 
Treatment the group (Mean ± S.D.) (%) 

Control 8 10 19.00 ± 2.5 

Cisplatin ( 4 mg) 8 10 29.25 ±3.0* 53.95 

Cisplatin (8 mg) 8 10 )> 60* >216 

BSO + cisplatin ( 4 mg) 8 10 42.5 ± 1.0* 123.68 

BSO- L-buthionine-(S,R}- su foximine, was admimstered i.p. 8 h prior to c1splatin treatment on the 8th day post 
tumour transplantation. l.L.S. =Increase in life spmt. In the experimental groups,I.L.S. (%) = i(T-C)/C]x 200, 
where T and C are mean survival days of treated mice and untreated; control mice respectively. Student's t-test~ 
n = 3, as compared to control, •p ~ 0.05. 


