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Abstract 
Visceral leishmaniasis  (VL), also known as kala-azar, is a vector-borne disease caused by a protozoan of the Leishmania donovani. Most 
available drugs against visceral leishmaniasis are toxic, and relapse after cure remains a chronic problem. First in vivo report from our 
laboratory revealed the leishmanicidal potential of cisplatin, an antineoplastic drug at low dose (0.5 and 1 mg/kg body weight). High dose 
is used in present study so as to eliminate the parasite completely. But since it is reported to be nephrotoxic at high dose, antioxidants 
were administered. Antileishmanial effect of drug was revealed by reduction in the parasite burden and increased DTH responses. 
Antibody response was predominantly of IgG type with increased IgG2a production and lesser production of IgG1. The drug treatment 
stimulated the production of IFN-γ and IL-2 in splenocytes suggesting a Th1 type of response with a concomitant down-regulation of IL-
10. Reduced enzymatic activity (SGOT and SGPT) was observed in infected mice treated with cisplatin and vitamin C/ vitamin E. 
Cisplatin at this dose efficiently eliminated the parasite to large extent and vitamin C and E significantly reduced the hepatotoxic 
and nephrotoxic effects of cisplatin.  
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Introduction 
Visceral leishmaniasis also known as kala azar, is a protozoan disease caused by different species of Leishmania donovani complex. 
The disease is endemic in the tropics of the America, parts of Asia and tropical Africa north of equator (Berman, 1997). The first-
line drug against all form of Leishmania infection consists of pentavalent antimony (SbV) that contains drugs such as 
sodium stibogluconate (SSG) and glucantime despite its requirement for long courses and cardiac toxicity. 
Unfortunately, the clinical value of antimony therapy is now challenged because an increasing rate of treatment failure 
is observed in several field sites (Rijal et al., 2003; Guerin et al., 2002). Amphotericin B and ambisome are used as an 
alternative, but has significant disadvantage of severe toxicity and high cost respectively. The demonstration of 
efficacy of miltefosine is a breakthrough (Sundar et al., 2002), but single point mutation can lead to resistance (Perez-
Victoria et al., 2001), which suggests that resistance to this drug may occur rapidly. 
 
Cis-diamminedichloroplatinum (II), commonly known as cisplatin (CP), is a highly effective antineoplastic drug used for the 
treatment of a diverse spectrum of malignancies (Cohen and Lippard, 2001). The in vitro and in vivo studies have shown the 
antileishmanial activity of cisplatin where protective nature of drug was revealed by significant reduction in parasite load, 
enhancement of cell mediated immune responses and apoptosis like cell death of both promastigotes and amastigotes (Tavares et 
al., 2007; Kaur et al., 2010). However, the use of high dose of CP is difficult as it causes nephrotoxicity (Gandara et al., 1991; 
Hamers et al., 1993; Wolfgang et al., 1994; Rybak et al. 1995). The pathogenesis of cisplatin toxicity is attributed to the formation 
of ROS, caspase activation (Kaushal et al., 2001), DNA damage (Leibbrandt et al., 1995; Megyesi et al., 1998) and mitochondrial 
damage (Sugiyama et al., 1989). Much attention in this regard has been paid to the protective effects of natural antioxidants (AO) 
against drug-induced toxicities especially where free radical generation is involved (Naziroglu et al., 2004; Cetin et al., 2006; Ajith 
et al., 2007) because of their effectiveness and relative safety in humans. Selenium, vitamins C and E, and cysteine has been found 
to protect against the nephrotoxicity induced by cisplatin (Appenroth et al., 1997). Vitamin C and E are essential nutrients that 
function as non enzymatic antioxidants in cytosol and cell membrane, respectively. Through various experimental studies  it is 
indicated that these vitamins are effective in preventing the oxidative renal damage (Kadkhodaee et al., 2005; Abdel-Naim et al., 
1999) in animals. Since the higher doses of cisplatin are known to cause nephrotoxicity, vitamin C and vitamin E were 
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used in the present study along with cisplatin so as to ameliorate the cisplatin induced nephrotoxicity. The present 
study also aims  to evaluate the antileishmanial effect of cisplatin, an antineoplastic drug in murine model. 
 
 
Materials and Methods 
PARASITE: The Indian strain of Leishmania donovani, viz; MHOM/IN/80/Dd8, originally obtained from the London School of 
Hygiene and Tropical Medicine, U.K., was used for the present study. The promastigotes of this strain were maintained in 
modified Novy, McNeal and Nicolle’s (NNN) medium by serial subcultures. 
 
ANIMALS: 5–6 weeks old inbred BALB/c mice of either sex; weighing 20– 25 g were obtained from the Institute of Microbial 
Technology, Chandigarh, India. They were fed with water and mouse feed ad libitum. The ethical clearance for conducting the 
experiments was obtained from the Institutional Animal Ethics Committee, Panjab University, Chandigarh, India. 
 
GROUPS OF ANIMALS 
 The present study comprised of five groups. Group I consisted of normal BALB/c mice (Normal controls), group II  BALB/c 
mice infected with promastigotes of L. donovani (Infected controls), group III BALB/c mice infected with promastigotes of L. 
donovani and treated with cisplatin (CP), group IV BALB/c mice infected with promastiogotes of L. donovani and treated with 
cisplatin along with vitamin C and group V BALB/c mice infected with promastiogotes of L. donovani and treated with cisplatin 
along with vitamin E. 
 
In vivo INFECTION AND TREATMENT OF ANIMALS: 107 promastigotes of L. donovani were injected intracardially into 
BALB/c mice (Kaur et al., 2008). 
 
TREATMENT OF MICE 
Vitamin C and E: Vitamin C (Ascorbic acid) and vitamin E [(±)-α-Tocopherol] was purchased from Sigma Aldrich Co., USA. 
They were dissolved in distilled water and corn oil to get the required concentration of 200 mg/kg b.wt and 100 mg/100 g b.wt. of 
mice. Both were given orally 30 minutes before cisplatin treatment for five days ( Ezzat and Daly, 1996; Appenroth et al., 1997). 
 
Drug: Cis-diamminedichloroplatinum (II) dichloride (CP) was purchased from Sigma Aldrich Co., USA and was dissolved in 
distilled water to get the required concentration of 5 mg/kg body weight (b.wt.). It was given intraperitoneally after 30 days post 
infection for five days. 
 
ASSESSMENT OF INFECTION: 6 mice from each group were sacrificed on 1 and 30 post treatment days and the parasite load 
was assessed in the impression smears of liver in terms of Leishman-Donovan Units (LDU) (Bradley and Kirkley, 1977)  
 
HUMORAL IMMUNE RESPONSES 
Enzyme linked immunosorbent assay (ELISA): Serum samples from treated, infected and normal control mice were analyzed 
for the detection of IgG1 and IgG2a antibodies by ELISA at 450 nm (Ho et al., 1983). 
 
CELL-MEDIATED IMMUNE RESPONSE 
Delayed type hypersensitivity test (DTH): The percentage increase in the thickness of the right foot pad (subcutaneous injection 
of leishmanin was given) as compared to the left foot pad (PBS was given) of mice was calculated after 48 hours of injection 
(Nagill et al., 2009). 
 
Drug induced cytokine responses: For this purpose, spleen cells of different groups of animals were stimulated with crude 
promastigote antigen and supernatants were collected and analysed for cytokine responses (IFN-γ, IL-2, IL-10) using ELISA kits 
(Bender Med Systems, Diaclone).  
 
HAEMOTOLOGICAL INVESTIGATIONS: Estimation of haemoglobin (Hb) was done by Sahli’s hemometer (Marienfeld 
Lab. Glassware, Germany) and Total Leukocyte count (TLC) estimation was done by the method of by Khyriam and Prasad 
(2001). 
 
BIOCHEMICAL INVESTIGATIONS:  
Liver function tests: Serum Glutamate Oxaloacetate Transaminase (SGOT) and Serum Glutamate Pyruvate Transaminase 
(SGPT) activity was estimated in serum samples by using commercially available kits (Reckon Diagnostics Pvt. Ltd Baroda, India 
and Span Diagnostic Ltd.).  
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Kidney function tests: Urea, creatinine, uric acid and the electrolytes like sodium (Na), potassium (K), magnesium (Mg), chloride 
(Cl) and calcium (Ca) levels were estimated in serum samples using commercially available kits (Reckon Diagnostics Pvt. Ltd Baroda, 
India; Transasia Bio-medical Ltd. India; Coral Clinical Systems, Goa, India and M/S Excel Diagnostics Pvt. Ltd. India). 
 
STATISTICAL ANALYSIS: All the results were statistically analyzed by using one-way ANOVA test. 
 
Results 
ANTILEISHMANIAL POTENTIAL OF CISPLATIN IN COMBINATION WITH ANTIOXIDANTS 
Hepatic parasite load: Treatment of infected animals with cisplatin brought about a significant (p˂0.001) reduction in the 
parasite load. The parasite load was found to be 876.03±31.26 on 1 post treatment day (p.t.d.) and decreased significantly 
(p˂0.001) to 91.66±7.77 on 30 p.t.d. in cisplatin treated animals. After the supplementation of vitamin C and vitamin E, a 
significant (p˂0.001) reduction in the parasite load was observed as compared to infected controls. The results were found to be 
insignificant when compared to cisplatin treated animals. (Fig 1A). 

 

Figure1: Parasite load in terms of LDU -A and B- Percentage increase in footpad thickness (DTH response) in infected and drug 
treated mice on different days post treatment. The data is presented as mean±S.D. of six mice per group. # p value: Normal control vs. 
Infected control; * p value: Infected control vs. Infected+5mg CP; µ p value: Infected+5mg CP vs. Infected+5mg CP+VitC/ 
Infected+5mg CP+VitE 
 #,*,µ-p<0.001. 
 
HUMORAL IMMUNE RESPONSES 
Detection of parasite-specific IgG1 and IgG2a isotypes: The IgG1 levels decreased significantly (p˂0.001) in animals treated 
with cisplatin while increased levels were found in infected controls. Similar trend of decreased IgG1 levels were also found after 
supplementation of vitamin C and vitamin E.  
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IgG2a levels indicating generation of Th 1 type of immune responses were found to be the highest in cisplatin treated animals as 
compared to infected controls. When antioxidants were supplemented along with the drug, the levels were found to be 
0.153±0.003 (vitamin C) and 0.159±0.001 (vitamin E) on 30 p.t.d. The IgG2a levels were found to be increased on 1 p.t.d. but 
decreased on 30 p.t.d. but were found to be still higher than infected controls. (Fig 2A and 2B). 
 

 
Figure 2: Levels of Leishmania-specific on A —IgG1 and B —IgG2a in serum samples of BALB/c mice. The data are presented as 
mean±S.D. of six mice per group. #,$ p value: Normal control vs. Infected control; * p value: Infected control vs. Infected+5mg CP; 
µ, € p value: Infected+5mg CP vs. Infected+5mg CP+VitC/ Infected+5mg CP+VitE 
 #,*,µ-p<0.001; $, €-p<0.05 
 
CELL-MEDIATED IMMUNE RESPONSES 
Delayed type hypersensitivity (DTH) responses: DTH responses were determined as an index of cell mediated immune 
responses. In the animals treated with cisplatin, the increased DTH responses was observed on 30 p.t.d. which was significantly 
(p˂0.001) higher than that of infected controls. The DTH response increased significantly (p˂0.001) from 1 p.t.d. to 30 p.t.d. The 
heightened DTH response was also found when vitamin C and vitamin E were supplemented along with cisplatin. Insignificant 
increase was observed in cisplatin treated and animals treated with cisplatin in combination with vitamin C and vitamin E. (Fig 
1B). 
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Drug induced cytokine responses: The cytokine responses (IFN-γ, IL-2 and IL-10) in supernatants of spleen cells stimulated 
with crude promastigote antigen were analysed. IFN-γ and IL-2 indicate the generation of protective Th1 type of immune response 
whereas IL-10 points towards the generation of the non-protective Th2 type of response.increase in IFN-γ and IL-2 levels was 
observed as compared to infected controls.  
The levels of Th2-regulated cytokine IL-10 levels were found to be minimum in the cisplatin treated animals as compared to 
infected controls and vitamin C and vitamin E treated animals. Spleen cells from infected animals, however, produced much more 
IL-10 than the cisplatin treated animals. (Fig 3A, 3B and 3C).  
 
 
 

 
Figure 3: Effect of cisplatin treatment on A —IFN-γ, B —IL-2, C —IL-10 cytokine levels in BALB/c mice. The data are presented as 
mean±S.D. of six mice per group. # p value: Normal control vs. Infected control; * p value: Infected control vs. Infected+5mg CP; µ, 
€ p value: Infected+5mg CP vs. Infected+5mg CP+VitC/ Infected+5mg CP+VitE 
 #,*,µ-p<0.001; €-p<0.05 
 
ASSESSMENT OF THE DRUG INDUCED TOXICITY  
Haematological investigations: The decrease in hemoglobin levels were found in cisplatin treated animals as compared to normal 
controls. After the antioxidant supplementation normal Hb levels in the range of 8-10 g/dl were observed. (Table 1). 
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Table 1-Effect of cisplatin treatment on haemoglobin (Hb) level of BALB/c mice -The data is presented as mean±S.D. of six mice per 
group. γ p value: Normal control vs. Infected control;  # p value: Infected control vs. Infected+5mg CP; §, ¶ p value: Infected+5mg CP 
vs. Infected+5mg CP+VitC/ Infected+5mg CP+VitE 
 γ ,§-p<0.001; #,¶-p<0.05, NS- Non Significant.  
Leucopenia was observed in infected cisplatin treated animals while leucocytosis was observed when infected animals were 
treated with cisplatin along with antioxidants. TLC increased with the increase in post treatment days in antioxidant supplemented 
groups as compared to controls. (Table 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2- Effect of cisplatin treatment on total leucocyte count (TLC) of BALB/c mice-The data is presented as mean±S.D. of six mice 
per group. γ pvalue: Normal control vs. Infected control; * p value: Infected control vs. Infected+5mg CP; § p value: Infected+5mg CP 
vs. Infected+5mg CP+VitC/ Infected+5mg CP+VitE 
 γ , *,§-p<0.001. 
 
BIOCHEMICAL INVESTIGATIONS 
Liver function tests: SGOT and SGPT levels were found to be highest in cisplatin treated animals followed by infected controls 
and antioxidant treated animals. The increase was more pronounced on 1 p.t.d. as compared to 30 p.t.d. in treated animals. When 
vitamin C and vitamin E were supplemented along with cisplatin, the sharp fall in enzymatic levels was observed from 1 p.t.d. to 
30 p.t.d. and normal levels in the range of 5-40 U/L and 5-35 U/L were attained. (Fig 4A and 4B) 

 
Animal Groups 

Haemoglobin concentration (in 
gms/dl) 
1 p.t.d 30 p.t.d 

Normal Controls 10.596 ± 0.55 11.11 ± 0.315 
Infected Controls 8.333 ± 0.31γ 8.933 ± 0.152γ 
Infected mice treated with cisplatin 7.433 ± 0.305NS 8.14 ± 0.52# 
Infected mice treated with cisplatin+vitamin C 9.84 ± 0.052§ 9.553 ± 0.244§ 
Infected mice treated with cisplatin+vitamin E 9.366 ± 0.152¶ 9.7 ± 0.264§ 

 
Animal Groups 

Total leucocyte count (per cubic mm) 
1 p.t.d 30 p.t.d 

Normal Controls 8089.967 ± 36.77 9066.667 ± 66.5 
Infected Controls 11434 ± 485.193γ 10313 ± 239.89γ 
Infected mice treated with cisplatin 3187.333 ± 247.601* 4839.333 ± 421.37* 

Infected mice treated with cisplatin+vitamin C 12758.33 ± 551.271§ 14073 ± 535.85§ 

Infected mice treated with cisplatin+vitamin E 12932 ± 420.942§ 13799.33 ± 308.598§ 
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Figure 4: Effect of cisplatin treatment on A — Serum Glutamate Oxaloacetate Transaminase (SGOT) activity and B — Serum 
Glutamate Pyruvate Transaminase (SGPT) activity in serum samples of BALB/c mice. The data are presented as mean±S.D. of six 
mice per group. # p value: Normal control vs. Infected control; * p value: Infected control vs. Infected+5mg CP; µ, € p value: 
Infected+5mg CP vs. Infected+5mg CP+VitC/ Infected+5mg CP+VitE 
 #,*,µ-p<0.001; €-p<0.05 
 
Kidney function tests: Cisplatin treament significantly (p<0.001) increased the levels of urea, uric acid and creatinine. In order to 
reduce the nephrotoxicity induced by cisplatin, vitamin C and vitamin E were supplemented along with cisplatin. The levels of 
urea, uric acid and creatinine were found to be in the normal range of 10-45 mg/dl, 3-6.7 mg/dl and 0.85-1.35 mg/dl respectively 
in animals treated with cisplatin along with antioxidants. (Fig 5A, 5B and 5C). 
 
Figure 5: Effect of cisplatin treatment on A — Blood Urea; B — Blood Uric acid and C —Serum Creatinine in serum samples of 
BALB/c mice. The data are presented as mean±S.D. of six mice per group. # p value: Normal control vs. Infected control ; * p value: 
Infected control vs. Infected+5mg CP; µ p value: Infected+5mg CP vs. Infected+5mg CP+VitC/ Infected+5mg CP+VitE 
 #,*,µ-p<0.001. 



Global Journal of Current Research                          Kaur  et. al.,                     Vol. 1 No 2                               ISSN:2320-2920 

                                                                                                                  43                           Online version available at: www.crdeep.com 

 

 
In contrast to enzymatic levels, significantly (p<0.001) decreased electrolyte levels were observed in infected cisplatin treated 
animals. The decrease was more pronounced on 1 p.t.d. as compared to 30 p.t.d. After the supplementation of antioxidants along 
with cisplatin, normal levels were observed on different post treatment days. The decrease in sodium levels on 1 p.t.d was 
observed in vitamin C supplemented animals but with increase in post treatment days the normal levels in the range of 135-155 
mmol/l was observed. (Table 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3- Effect of cisplatin treatment on serum sodium of BALB/c mice-The data is presented as mean±S.D. of six mice per group. γ 
,β p value: Normal control vs. Infected control; * p value: Infected control vs. Infected+5mg CP; §, ¶ p value: Infected+5mg CP vs. 
Infected+5mg CP+VitC/ Infected+5mg CP+VitE 
γ, *,§-p<0.001; ¶,β-p<0.05. 

 
Animal Groups 

Sodium concentration (in mMoLs/L) 
1 p.t.d 30 p.t.d 

Normal Controls 136.563 ± 0.135 141.93 ± 0.597 
Infected Controls 139.83 ± 1.068γ 144.533 ± 1.093β 
Infected mice treated with cisplatin 124.256 ± 4.257* 127.943 ± 0.54* 

Infected mice treated with cisplatin+vitamin C 132.363 ± 0.572¶ 144.58 ± 1.193§ 

Infected mice treated with cisplatin+vitamin E 151.5 ± 1.122§ 145.723 ± 300.951§ 
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The levels of potassium and chloride were found to be in the normal range of 3.6-5.5 mMols/L and 98-109 mMols/L respectively in 
animals treated with cisplatin along with antioxidants. (Table 4 and 5)  
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4- Effect of cisplatin treatment on serum potassium concentration of BALB/c mice-The data is presented as mean±S.D. of six mice 
per group. γ p value: Normal control vs. Infected control;* p value: Infected control vs. Infected+5mg CP; § p value: Infected+5mg CP 
vs. Infected+5mg CP+VitC/ Infected+5mg CP+VitE 
 γ,*,§-p<0.001. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5- Effect of cisplatin treatment on serum chloride concentration of BALB/c mice-The data is presented as mean±S.D. of six 
mice per group. γ p value: Normal control vs. Infected control; * p value: Infected control vs. Infected+5mg CP; § p value: 
Infected+5mg CP vs. Infected+5mg CP+VitC/ Infected+5mg CP+VitE 
γ, *,§-p<0.001. 
 
But the decrease in calcium and magnesium levels were observed in vitamin E supplemented animals on 1 p.t.d. and further 
normal levels were attained on 30 p.t.d. (Table 6 and 7). 
 
                                                                                                                                                                                           
 
 
 
 
 
 
 
 
Table 6- Effect of cisplatin treatment on serum calcium concentration of BALB/c mice-The data is presented as mean±S.D. of six 
mice per group. γ p value: Normal control vs. Infected control *p value: Infected control vs. Infected+5mg CP; § p value: 
Infected+5mg CP vs. Infected+5mg CP+VitC/ Infected+5mg CP+VitE. γ , *,§-p<0.001. 
 
 
 

 
Animal Groups 

 
Potassium  concentration (in mMoLs/L)
1 p.t.d 30 p.t.d 

Normal Controls 4.536 ± 0.047 4.273 ± 0.04 
Infected Controls 5.04 ± 0.121γ 3.886± 0.066γ 
Infected mice treated with cisplatin 1.786 ± 0.172 2.6 ± 0.095* 

Infected mice treated with cisplatin+vitamin C 5.196 ± 0.095 4.12 ± 0.065§ 

Infected mice treated with cisplatin+vitamin E 5.176 ± 0.041 4.963 ± 0.041§ 

 
Animal Groups 

Chloride  concentration (in mMoLs/L) 

1 p.t.d 30 p.t.d 

Normal Controls 105.083 ± 0.136 99.523 ± 0.061 
Infected Controls 100.576 ± 0.864γ 102.953± 0.734γ 
Infected mice treated with cisplatin 71.336 ± 0.518* 80.233 ± 0.102* 
Infected mice treated with cisplatin+vitamin C 104.703 ± 0.421§ 101.176 ± 1.066§ 
Infected mice treated with cisplatin+vitamin E 109.000 ± 0.74§ 103.336 ± 0.335§ 

 
Animal Groups 

Calcium  concentration (in mMoLs/L) 
1 p.t.d 30 p.t.d 

Normal Controls 8.723 ± 0.07 9.16 ± 0.02 
Infected Controls 9.366 ± 0.045γ 10.44± 0.043γ 
Infected mice treated with cisplatin 5.73 ± 0.409* 6.566 ± 0.058* 
Infected mice treated with cisplatin+vitamin C 9.386 ± 0.025§ 9.363 ± 0.055§ 
Infected mice treated with cisplatin+vitamin E 7.47 ± 0.062§ 8.88 ± 0.045§ 
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Table 7- Effect of cisplatin treatment on serum magnesium concentration of BALB/c mice-The data is presented as mean±S.D. of six 
mice per group. γ p value: Normal control vs. Infected control ; * p value: Infected control vs. Infected+5mg CP; § p value: Infected+5mg 
CP vs. Infected+5mg CP+VitC/ Infected+5mg CP+VitE 
γ, *,§-p<0.001. 
 
Discussion 
It is interesting to point out that the effectiveness of certain molecules as both anticancer drugs and antiprotozoal agents 
suggested that this class of compounds and their derivatives might be useful as antileishmanial agents (Fuertes et al., 2008). One 
of such compounds is cisplatin, used for the treatment of various tumors. Cisplatin had been shown to possess antileishmanial 
activity when used in vitro against promastigotes and amastigotes (Tavares et al., 2007). Effect of drug in the in vitro system 
shows direct lethal action on the parasites. The previous in vivo studies have also revealed that the drug acts directly on the 
macrophages and amastigotes by killing them. It also induces a positive DTH response suggesting the generation of cell 
mediated immune responses (Kaur et al., 2010). 
 
The major side effect of cisplatin is nephrotoxicity which is dose dependent and cumulative (Hanigan and Devarajan, 2003). In 
animals, supplementation with antioxidants provided protection against cisplatin induced, hematologic renal and ototoxicity 
(Sugihara and Gemba 1986; Appenroth 1997; Rybak et al., 2000). Therefore, in the current study, the leishmanicidal potential of 
high dose (5 mg/kg b.wt.) of cisplatin was tested in L. donovani infected BALB/c mice and further to check the protective 
efficacy of antioxidants vitamin C and vitamin E were given in combination with cisplatin to reduce its side effects. 
 
Our results showed that cisplatin is effective in reducing the parasite burden in L. donovani infected animals. The parasite load 
declined significantly from 1 to 30 p.t.d. Earlier also, the antileishmanial effect of cisplatin was studied in vivo in BALB/c mice 
where the treatment brought about a significant decrease in the parasite load (Kaur et al., 2010). 
 
There is a generalised immunosuppression to specific as well as non-specific antigen during L. donovani infection in animals as 
well as humans. And for the drug to be effective the cooperation of the immune system of the host is necessary in leishmaniasis 
and the drug itself should not cause immunosuppression. So, we assessed the drug induced immune responses by analyzing the 
generation of humoral and cell-mediated immune responses. In our study, our results showed that cisplatin treated animals and 
animals treated with cisplatin in combination with vitamin E and vitamin C revealed higher levels of IgG2a and lower levels of 
IgG1 in comparison to the infected controls which indicate the generation of protective Th1 responses. The decline in all the 
antibodies was observed with the increase in post treatment days which is in accordance with the studies of Manson-Bahr (1971) 
where the decrease in antibody levels has been observed after cure, thus showing the success of therapy. The decreased antibody titres 
were also reported by Chappuis et al (2007) following drug treatment. It has been shown by Tripathi et al (2007) that antibodies 
appear to play no role in protection of leishmanial infection, thus cell mediated immune response is still believed to be important 
against leishmanial infection and treatment. 
 
One of the most important mechanism for the clearance of pathogen from infected host is the cell-mediated responses that potentiate 
the infiltration of lymphocytes and macrophages into the infected tissue (Khabiri et al., 2007). DTH is the typical in vivo manifestation 
of the cell-mediated immunity and the response can be measured easily and semi-quantitatively (Dannenberg, 1991). Our results 
revealed a positive DTH response, which is an indicator of development of cell mediated immune response, also developed after 
treatment with the drug. The DTH responses were also in agreement with the quantum of parasite load and were maximum in the 
animals with the least parasite burden. The increased DTH responses in treated animals points towards the reduction in parasite load 
thus proving the protective efficacy of drug. The increased DTH responses in cisplatin treated animals were also reported in our 
previous study (Kaur et al., 2010).  
 

 
Animal Groups 

Magnesium  concentration (in 
mMoLs/L) 
1 p.t.d 30 p.t.d 

Normal Controls 1.59 ± 0.026 1.733 ± 0.015 
Infected Controls 1.966 ± 0.015γ 2.186± 0.025γ 
Infected mice treated with cisplatin 0.625 ± 0.027* 1.636 ± 0.008* 
Infected mice treated with cisplatin+vitamin C 1.41 ± 0.026§ 1.42 ± 0.0.036§ 
Infected mice treated with cisplatin+vitamin E 1.516 ± 0.023§ 1.423 ± 0.045§ 
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The concentration of cytokines (IFN-γ, IL-2 and IL-10) was assessed in splenic lymphocytes stimulated by crude antigen. Effective 
defense towards visceralizing strains, including Leishmania donovani, depends strictly upon T (Th1) cells, and acquired resistance is 
governed by T cell and macrophage activating cytokines (Murray, 2000,2001). IFN-γ is the signature cytokine for Th1 response 
(Pirmez et al., 1993). The highest levels of IFN-γ were found in the animals treated cisplatin. This response persists at high levels after 
successful treatment and is accompanied by high levels of IL-10 (Trinchieri, 2001). IL-10 has been the main cytokine associated with 
the down-regulation of the Th1 response and pathogenesis of the disease in human VL. The increase in IFN-γ and IL-2 has also been 
reported in the previous studies carried on cisplatin and HemoHim, where cisplatin was administered at the concentration of 4 mg/kg 
intraperitoneally, and HemoHim at 100 mg/kg b.wt. (Hae et al., 2009). Similarly, increased IFN-γ has also been shown in the studies 
carried out by Kim et al. (2010), when 10 mg/kg of rosiglitazone was administered with cisplatin at the dose of 20 mg/kg 
intraperitoneally whereas these results are in contrast to our results regarding the concentration of IL-10 where decreased 
concentration of IL-10 was reported. Our results are in accordance with a study conducted by Solgi et al. (2006) which showed that  
thalidomide and glucantime combined therapy significantly reduced the course of the disease compared to single therapy with each 
one of the drugs and this effect was dependent on IL-10 and IFN-γ production. 
 
To assess the drug induced side effects, various haematological and biochemical studies were carried out. Cisplatin at the dosage of 5 
mg/kg b.wt. induced anaemia and leucopenia. Cisplatin was found to induce not only leucocytopenia and thrombocytopenia, but also 
severe anemia when given repeatedly, a phenomenon which is unusual in patient treated with combinations containing cytotoxic 
agents other than cisplatin (Rossof et al., 1972; von Hoff et al., 1979; Kuzur and Greco 1980). Normal levels of haemoglobin have 
been obtained when low doses of 0.5 and 1 mg/kg body weight were used by us in a previous (Kaur et al., 2010). Though the results 
were in accordance with the studies carried out by Khynriam and Prasad (2001), where decline in TLC with the cisplatin treatment 
was reported. Similarly, a decline in TLC was reported when cisplatin was used in combination with irinotecan (Ohe et al., 2006). 
However, an increase was observed in the total leucocyte count when vitamin C and vitamin E were supplemented along with 
cisplatin, which is in accordance with the increment in TLC which was demonstrated when amphotericin B was administered in the 
patients at the dosage of 1 mg/kg body weight, for the total of 15 infusions. The total leucocyte count was reported to increase from 
3.52±0.62×103/mm3 of blood to 7.04±0.69×103 (Prakash et al., 2007). The results are also in agreement with the previous study 
carried out in rats in which administration of cisplatin along with vitamin E and cysteine brought about an increase in the total 
leucocyte count (El Daly, 1998). Similarly, Vitamin E when administered along with cadmium in rats also increased the total 
leucocyte count (Damir et al., 2006). Davison and Gleeson (2006) also reported that two weeks of supplementation with 1,000 mg 
day_1 (2x500 mg) of vitamin C was effective at increasing antioxidant defence, modulating the leucocytosis and neutrophilia 
responses. 
 
To assess the damage caused to the liver, activities of enzymes like SGOT and SGPT were measured. The increase in SGOT and 
SGPT levels in infected plus cisplatin treated animals may be due to the infection of L. donovani as the increase in these enzymes has 
also been reported in the VL patients (Mathur et al., 2008). Also, killing of the parasite by the drug might lead to an increase in the 
concentration of hepatic enzymes (Sundar et al., 2001). An increase in SGOT and SGPT was also observed in BALB/c mice treated 
with cisplatin at lower doses also (Kaur et al., 2010). The drugs which are currently used for the treatment of visceral leishmaniasis i.e. 
pentavalent antimonial compounds, pentamidine, amphotericin B, cause severe toxicity and side effects, which may be associated with 
a significant increase in levels of serum enzymes during treatment. This increase may be due to killing of the parasite in the liver, 
rather than the direct result of medication induced hepatotoxic effect (Sundar et al., 2007). The SGOT and SGPT activity decreased on 
30 p.t.d. and was found to be within normal range suggesting the hepatoprotective role of vitamin C and vitamin E. 
 
Kidney function tests include estimation of urea, uric acid and creatinine. Measurement of electrolytes in the blood level regulated in 
part by the kidneys can also be useful in evaluating kidney function. These include sodium, potassium, chloride, calcium and 
magnesium (Waikar et al., 2006). A single dose of cisplatin (7.5 mg/kg) caused acute nephrotoxicity, biochemically manifested as 
increase in serum urea nitrogen (528%) and serum creatinine (1307%) (Ramadan et al., 2001). When cisplatin was administered at the 
dosage of 6 mg/kg body weight, intraperitoneally, at the interval of 120 hours, there was a significant increase in the concentration of 
blood urea nitrogen and creatinine. However, when vitamin E and vitamin C and cysteine were administered along with the cisplatin, 
the results were partially reversed (Bogin et al., 1994, Ajith et al., 2007), which is in accordance with our results, where we obtained 
the normal range of urea and creatinine levels. All the enzymatic levels which were reported to be higher in the infected controls and 
the infected plus cisplatin treated animals, ended up being normal in the animals treated with cisplatin and vitamin E/vitamin C 
combinations. In the study carried out by Ajith et al., (2009), a single dose of cisplatin 12 mg/kg when given intraperitoneally was 
highly effective in inducing renal damage. Serum biochemical parameters such as blood urea and creatinine were found to be elevated 
significantly 72 hours after cisplatin administration, clearly indicating renal impairment. Though a minimum dose of cisplatin 5 mg/ 
kg, i.p. was sufficient to induce the renal damage (Boogard et al., 1991; Ravi et al., 1995), a higher dose of cisplatin was selected in 
the study to explore the maximum protective effect of the vitamins. A high dose of 500 mg/kg of the vitamin C was used along with 
cisplatin, and it revealed the protective role of the vitamin (Ajith et al., 2009). This again is in relevance with our results, where the 
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concentration of blood urea and creatinine are under control in the infected animals treated with cisplatin+vitamin E and 
cisplatin+vitamin C as compared to that of mice treated with cisplatin alone.  
 
Acute nephrotoxicity is presented with increased creatinine and persistent protein and electrolyte losses. Chronic nephrotoxicity is 
characterised by a decreased glomerular filtration rate and a slightly elevated but persistent magnesium, potassium and calcium 
excretion (Hoffman et al., 2006). As far as ions are concerned a normal concentration of all the ions is observed, in the infected mice 
treated with vitamin C and vitamin E, except hyponatremia which was observed on 1 p.t.d. in animals treated with cisplatin in 
combination with vitamin C. Also hypocalcemia and hypomagnesemia was observed on 1 p.t.d. in animals treated with cisplatin in 
combination with vitamin E but normal levels were observed on 30 p.t.d. The study carried out by Cetin et al. (2006) revealed a 
significant increase in the enzymes of the kidney, when cisplatin alone was administered at the dose of 10 mg/kg b.wt., and a 
significant reduction in the levels of enzymes occured in the animals that were given antioxidants three days prior to the cisplatin 
treatment. In the study carried out by Ajith et al., (2009), a single dose of cisplatin 12 mg/kg when given intraperitoneally was highly 
effective in inducing renal damage. 
 
Conclusion 
From the present study it is therefore concluded that cisplatin at higher dose was effective in reducing the parasite load showing its 
antileishmanial potential. Vitamin C and E significantly reduced the hepatotoxic and nephrotoxic effects caused by 
cisplatin. Since vitamin C causes regeneration of vitamin E, combination of antioxidants must be tried in order to cure cisplatin 
induced nephrotoxicity. Further investigations on other animal models and with various doses of cisplatin, along with 
various combinations of antioxidants must be tried before it could be used as an antileishmanial in humans.           
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