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ABSTRACT 

Males are more prone to Visceral Leishmaniasis (VL) as compared to females. The role of androgens in 
host defence against Leishmania and other pathogens is of considerable interest. This study was aimed to 
understand a baseline mechanistic understanding of the pathogenesis of visceral leishmaniasis with respect 
to testosterone. We examined the relationship between serum testosterone and cholesterol levels, antigen 
induced Interleukin-10 (IL-10) and Interferon-gamma (IFN-γ) and production by Peripheral Blood Mono 
Nuclear Cells (PBMCs) and parasite burden as determined by microscopic examination on male patients (n 
= 18) with VL and gender-and age-matched controls (n = 10). Testosterone plasma levels were found to be 
up regulated in VL patients as compared to healthy controls. In severely infected patients, the mean 
testosterone concentration was observed to be increased compared with other VL patients (p<0.001). 
Further, serum cholesterol level was found much down regulated during severe infection of VL (p<0.005) 
as compared to healthy control. Further an in-vitro stimulation of PBMCs of VL patients with exogenous 
testosterone resulted in an increase IL-10 production with a subsequent decline in host protective IFN-γ 
response. This study suggests that testosterone level might be linked to immuno-pathogenicity of VL 
infection. Whether testosterone level is probably a marker of severe VL infection with an immuno-
suppressive effect needs to be validated further. 
 
Keywords: Visceral Leishmaniasis, Testosterone, Interleukin-10, Hypocholestrolemia  

1. INTRODUCTION 

Visceral Leishmaniasis (VL), also known as kala-
azar, is a protozoan disease typically caused by 
Leishmania donovani complex, which includes three 
species L. donovani (Indian subcontinent and East 
Africa), L. infantum (Mediterranean basin) and L. 
chagasi (Latin America). It is transmitted to humans by 
bites of female infected sand flies (vector) Phlebotomus 
(old world) and Lutzomia (New world). This disease is 
endemic in 62 countries; 90% of the estimated 200,000-

400,000 new cases and more than 20,000-40,000 deaths 
occur in rural areas of India, Nepal, Bangladesh, Sudan 
and Brazil; as many as one half of the cases of VL occur 
in India (Desjeux, 1992; 1996; 2004; Alvar et al., 2012). 
The disease affects mainly the poor rural and causes 
fever, hepatosplenomegaly, pancytopenia and wasting. 
Barriers impeding the effective control of VL, in India 
and elsewhere are the limited availability of proper 
medical facilities, incomplete course of treatment and 
limited treatment options. For many years, Sodium 
Antimony Gluconate (SAG) has been used as the first 
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line treatment in many countries including India. 
Recently, increasing rates of resistance of L. donovani to 
SAG in India have led to the consideration of alternative 
drugs such as oral miltefosine and parenteral 
amphotericin-B as first line treatment (Sundar et al., 
1997; Das et al., 2005; Abdo et al., 2003; Sundar et al., 
2006; Thakur and Narayan, 2004). As known, VL 
patients require an interferon-γ (IFN-γ) T-helper cell type 
1 (Th1) response to initiate lytic mechanism within 
macrophages which leads to immune containment of 
the parasite load (Thakur et al., 2003; Bimal et al., 
2008). However, the Th1 kind of response remains 
suppressed in patients and it has been shown that this 
suppression was regulated by IL-10 (Carvalho et al., 
1994). In active VL patients of Sudan and India, 
production of high levels of IL-10 mRNA was 
reported suggesting conclusive role of IL-10 for 
progressive immunopathology in patients (Karp et al., 
1993; Ghalib et al., 1993; Kenney et al., 1998). 

Notably, several epidemiological analyses reflect that 
most often, males are at greater risk of developing 
clinical leishmaniasis such as Cutaneous Leishmaniasis 
(CL), Mucocutaneous Leishmaniasis (ML) and VL 
(Snider et al., 2009). Studies of VL in humans have also 
exhibited a similar trend for L.chagasi infections in Brazil 
and L.donovani infections in Somalia (Jeronimo et al., 
2004; Shiddo et al., 1995). The underlying mechanism of 
such gender biased occurrence of clinical leishmaniasis 
remains by and large unclear. One murine study however 
has demonstrated that female DBA/2 mice secreted more 
IFN-γ compared to male against L.mexicana infection. 
On the other hand, male mice exhibited high level of Th2 
associated IgG antibodies, which was not detectable in 
female mice (Satoskar et al., 1998). Some contradictory 
reports are also available which either indicate that 
gender may not be a factor in acquiring L. panamensis 
or even that in certain regions, females could be more 
susceptible to L. tropica (Munoz and Davies, 2006; 
Reithinger et al., 2003). Studies regarding role of 
testosterone in mucocutaneous leishmaniasis is also 
reported but there is paucity of literature regarding 
role of testosterone and cholesterol in VL in India and 
this study will contribute to scientific literature. 

In human body, one of the major sites of Leishmania 
infection is liver, where the cholesterol is synthesized. In 
human disease severity was also found to be associated 
with a decreased cholesterol profile in paediatric VL 
patients. Total serum cholesterol determination can 
provide understanding of parasite burden in patients with 
visceral leishmaniasis infection (Lal et al., 2010). Since, 
cholesterol is playing its important role in the disease 

severity and cholesterol is the precursor molecule for the 
production of testosterone. Hence, the study of 
testosterone and cholesterol is required to be explored. 

 To what extent immune intervention might 
influence the occurrence of clinical situation 
preferably in male population is less understood. In 
one study, the resistance of female subjects of 
acquiring cutaneous leishmaniasis correlated with 
higher level of GM-CSF, a growth factor known to 
facilitate differentiation of macrophage and dendritic 
cells. Successful treatment of refractory CL with GM-
CSF and antimonials has also been reported in a study 
(Lezama-Davila et al., 2007; Almeida et al., 2005). 

While these factors probably play a role in the gender 
differences seen in clinical cases of leishmaniasis. 
Several studies signify that modulation of infection by 
sex hormones can be also outcome of the disease. 
Evidence has indicated that both testosterone, the major 
circulating androgen in male and progesterone, a 
hormone linked to maintenance of pregnancy are 
immuno-suppressive. These hormones impair 
macrophage production of TNF-α and NO, suppress NF-
kB signal transduction which is a pre-requisite for pro-
inflammatory cytokine production and promotes IL-10 
production and STAT-6 transduction known to up-
regulate IL-4 (Piccinni et al., 1995; Miller and Hunt, 
1998; D’Agostino et al., 1999). Although, one study 
confirmed that treatment with exogenous testosterone 
enhanced disease exacerbation of VL in hamsters, our 
understanding on sex-hormones in human VL patients 
in relation to disease exacerbation is poor and needs to 
be investigated (Yin et al., 1998). 

 In human disease severity was also found to be 
associated with a decreased cholesterol profile in 
paediatric VL patients. Cholesterol is largely reported 
about its role in the parasitic infection. It nicely exerts its 
effect through its membrane domain termed lipid raft 
through which it facilitates signal transduction to allow 
pathogen gain entry into the host cells (Simons and 
Toomre, 2000; Lal et al., 2007; Ghosh et al., 2011). 
Whether or not an association exists between sex-
hormones and cholesterol in relation to disease 
exacerbation is also not properly understood. 

In this study, we examined the influence of 
severity of VL infection on the testosterone and 
cholesterol level as well as the possible effect of 
hormonal imbalances on pathogenicity of VL on the 
basis of IL-10 production by these patients. IL-10 
suppresses the activity of IFN-γ which is the host 
protection based cytokine. 
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2. MATERIALS AND METHODS 

2.1. Study Population 

The present study was approved by the Institutional 
Ethical Committee (IEC) and a written informed consent 
was obtained from all human subjects. The clinically 
suspected VL subjects hailing from various endemic 
districts of Bihar, without history of treatment for VL 
and aged between 15 to 50 years, were recruited at the 
out-patient-clinic of Rajendra Memorial Research 
Institute of Medical Sciences between March 2010 and 
February 2011. The clinical VL suspects were subjected 
to serological test (rK39 strip test), splenic aspirate 
examination for L.D. (Leishmania donovani) body and 
blood PCR. As the sensitivity of bone marrow smear is 
low, splenic smear examination were considered for 
confirmation of parasitological diagnosis. After baseline 
diagnostic workup patient with suspected VL underwent 
splenic aspiration and smear examination. Ten age-sex 
matched endemic individuals without any clinical signs 
and symptoms of VL were included as healthy controls. 
Blood was collected for estimation of testosterone, 
immunological test and biochemical analysis. For 
testosterone estimation, serum (1.5 mL−1) was collected 
from patients and controls in 1.8 mL cryogenic vial 
(Corning®). For immunological and biochemical 
investigations, heparinised samples of venous blood 
were also collected from patients and controls. Based 
on Parasitic Load (PL), patients were divided into 
three groups; group A with PL of grade 1+ (n = 6), 
group B with PL of grade 2-3+ (n = 6) and group C 
with PL>3+ (n = 6). The endemic healthy controls 
were negative by rK-39 serological test (blood, serum, 
urine and sputum) and blood PCR.  

2.2. Inclusion and Exclusion Criteria 

The patients who gave informed consent were 
consecutively enrolled in the study until completion of 
prior determined sample size. All the patients belonged 
to male sex and were between the age group of 15 to 50 
years. All clinical suspects presenting to the out-patient-
clinic of RMRIMS with a history of fever of 2 weeks 
duration or more and with splenomegaly were 
considered as eligible for the study. Parasitological 
examinations were performed on these clinically 
suspected male VL patients. After confirming the 
presence of LD bodies in the splenic aspirate, the 
patients were included, admitted in the ward and were 
given treatment as per the standard drug regimen 
(Amphotericin B, 1 mg/kg/body weight in 5% dextrose 
on alternate days for 15 injections). Patients below the 

age of 15 years, with past kala-azar history, positive 
HIV, HbsAg and HCV serology test, abnormal renal 
function tests (Serum creatinine and blood urea 
nitrogen), abnormal liver function tests (Serum 
bilirubin, Alanine transaminase and Aspartate 
transaminase) and those who refused to give consent 
for the study were excluded. 

2.3. Investigations 

All the study subjects were examined clinically 
and admitted in the indoor ward of RMRIMS, Patna. 
Body weight, temperature, liver and spleen size were 
measured. Blood, sputum and urine samples were collected 
from all the study subjects including control. On-the-spot 
serological test was performed using rK-39 strip (In Bios 
International, Seattle, WA) and the remaining blood 
samples were transported for further laboratory 
investigations including minicircle of kinetoplast-DNA (k-
DNA) blood PCR for VL (Sundar et al., 1998; Singh et al., 
2009; 2013; Salotra et al., 2001). Routine Clinical 
biochemical assays, such as serum bilirubin, serum 
aspartate and alanine transminase, serum cholesterol, 
blood urea nitrogen and creatinine levels were performed 
on serum samples, obtained from the patients and 
controls. Estimation of total serum cholesterol was 
done using overnight fasting samples of patients and 
controls. None of the patients were using statins 
(HMG-CoA reductase inhibitors). Pathological 
investigations included total and differential white 
blood cell counts, total protein and haemoglobulin 
(Hb levels). In addition, serological tests for the 
human immunodeficiency virus, hepatitis B and C 
were performed in each case. The clinically and 
serologically suspected individuals were subjected to 
microscopic examination of Giemsa stained smear of 
splenic aspirates for parasitological confirmation of 
the disease. The following standard grading system 
for parasite load was used: 1-10 amastigotes/1000 oil 
immersion fields (1+), 1-10 amastigotes/100 oil 
immersion fields (2+), 1-10 amastigotes/10 oil 
immersion fields (3+), 1-10 amastigotes/1 oil 
immersion fields (4+) and 10-100 amastigotes/1 oil 
immersion fields (5+) (Chulay and Bryceson, 1983). 

2.4. Testosterone Assays 

Direct Immunoenzymatic Assay (DIA) was applied 
for the quantitative determination of testosterone in 
serum. Briefly, 25 µL serum samples from patients and 
controls were added to anti-testosterone IgG antibody 
coated wells in a 96 well micro titre plate 12×8-wells 
(Equipar, Italy). Standard calibration samples of 0, 0.2, 
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1.0, 4.0 and 16 ng mL−1 were also added in separate 
wells. This followed subsequent incubation of samples 
with 100 µL−1 proteic buffer solution containing 
testosterone conjugated with Horseradish Peroxidise 
(HRP), provided with the kit, for 60 min at 37°C that 
allowed binding of testosterone present in sample to 
the immobilized antibodies. After washing, 100 µL−1 
of enzyme substrate containing Tetramethylbenzedine 
(TMB) diluted in phosphate/citrate buffer was added 
and incubated for 15 min at room temperature in the 
dark. The reaction was terminated by adding stopping 
solution of 0.3M sulphuric acid. Absorbance of each 
well against blanking well was measured at 450 nm in 
a plate reader within 30 min. The colour intensity was 
inversely proportional to the testosterone 
concentration in the sample. 

2.5. Effect of Testosterone on Release of 
Cytokine IL-10 Level 

 Heparinized venous blood from VL patients and 
control was diluted in 1 in 5 with endotoxin free RPMI-
1640 (Gibco) supplemented with penicillin, streptomycin 
and glutamine (2 mm) and cultured in 24 well plates 
(NUNC). The cells were stimulated with 0.4 µm of water 
soluble testosterone which was dissolved in ethanol. 
Simultaneous stimulations were performed with 10 µg 
mL−1 of Soluble Leishmania Antigen (SLA) and PMA-
ionomycin in independent wells and the supernatants 
were harvested after 24 h and stored at -80°C. Earlier, 
the Soluble Leishmania Antigen (SLA) was prepared 
from 1×107/mL−1 stationary phase Leishmania donovani 
promastigotes suspended in phosphate buffered saline 
(pH 7.4). The suspension was vortex five times for 2 min 
each with a 10 min interval and stored in liquid nitrogen. 
The pellets thus obtained were re-suspended in 10 mL of 
the PBS and sonicate at 4°C five times for 1 min in an 
ultrasonicator (80% amplitude, 0.5 min pulse). The 
suspension was finally centrifuged at 6000×g for 20 min 
at 4°C. The supernatant containing the soluble 
leishmania antigen was collected and stored at -70°C. 
The amount of SLA was adjusted at 10µg 5µL−1. 
Cytokine were measured with specific immuno assay 
according to manufacturer’s instructions. The detection 
limits were 7.8 pg mL−1 for IFN-γ (BD, USA), 2 pg mL−1 
for IL-10 (BD, USA) and 4 pg mL−1. 

2.6. Treatment 

The patients who were confirmed clinically, 
serologically and parasitologically for VL were admitted 
in the indoor ward of the institute and were treated with 
intravenous Amphotericin B 1mg/kg/body weight in 5% 
dextrose for 15 injections alternate day. They were 

clinically and parasitologically cured after treatment. 
These were followed-up to one year. None of them had 
relapse of VL or progression to Post Kala-azar Dermal 
Leishmanisis (PKDL). 

2.7. Statistical Analysis 

The testosterone and IL-10 levels of patients were 
compared with controls using Mann Whitney test and 
comparison between different levels of infectivity in 
VL patients with control was done using the Kruskal-
Wallis nonparametric test using SPSS software (SPSS, 
Version 16). 

3. RESULTS 

The results are presented as a correlation of routine 
laboratory and anthropometric measurements with 
parasite burden, testosterone and cholesterol levels 
(Table 1). The clinical variables for total count and 
differential count in the different groups of VL patients 
were comparable. Based on severity of VL as determined 
by parasite burden, in group C (Severe VL patients) had 
low Body Mass Index (BMI) compared to group A (low 
infection group, p<0.001) and group B (moderate 
infection group, p<0.05). In comparison, the patients 
with moderate to low infection showed a better BMI 
(p>0.05). On the other hand, it appeared that severity of 
VL had little impact on creatinine and transmission level 
compared to control (p>0.005). Significantly lower 
cholesterol levels were observed in all categories of VL 
patients than the healthy control (p<0.005). Group C 
(severe VL patients) had low cholesterol compared to 
group A (low infection group, p<0.001) and group B 
(moderate infection group, p<0.05). Subsequent data 
revealed that testosterone level was increased in VL 
cases compared to healthy controls (p<0.05). In severe 
VL patients (group C) higher testosterone levels were 
observed compared to group A (low VL infection, 
p<0.001) and group B (moderate VL infection, p<0.05). 

The serum transaminase, blood urea, creatinine were 
observed to be within normal reference range while the 
serum cholesterol was found much down regulated in 
group C (Range 38.0-50.9 mg dL−1). The serum 
cholesterol was between 58.2 to 71.0 mg dL−1 and 84.5 
to 101.6 mg dL−1 in group B and A respectively. In 
severe VL infection (group C), serum testosterone level 
was also observed to be up regulated. It appears that high 
serum testosterone in higher parasitic load group may be 
due to down regulated serum cholesterol, since 
cholesterol is a prerequisite precursor of testosterone in 
the human body.  
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Table 1. Biochemical investigations, duration of illness and testosterone levels in VL patients compared to control 
 Groups 
 --------------------------------------------------------------------------------------------------------- 
 Low Moderate Severe Healthy  
Parameters (group A) (group B) (group-C) controls 
Mean age (years) 18±11.4 19.4±5.7 28±8.55 24.75±8.7 
Parasitic load 1+ L.D. bodies  2-3+ L.D. bodies >3 L.D. bodies NA 
Duration of illness (days) 22.85 ± 7.2 25.60± 15.00 30.10±15.00 NA 
Total white blood cells (cmm) 3639±216 4864±245 3457±130 4194±415 
Neutrophils (%) 44.80±13.30 43.09±13.25 40.16±13.7 3.3±1.7 
Lymphocyte (%) 49.82±1.39 44.53±1.43 52.51±1.41 23.4±2.6 
Eosinophil (%) 2.52±6.66 6.21±2.36 2.42±2.95 2.0±0.3 
Body mass index (Kg/m2) 20.5±5.6 15.5±2.3 10.33±5.1 24.00+2.10 
 *BMI, p<0.005 
ALAT (u/L) 17.0±3.5 18.5±5.5 21.0±3.25 23.10±5.60 
Creatinine (mg/dL) 0.50±0.12 0.72±0.12 0.69±0.15 0.45±0.15 
 *PC, p>0.005 
Cholesterol (mg/dL) 94.33±7.79 66.86±4.76 43.68±4.69 145.0±22.5 
   *C (p<0.005) 
Testosterone (ng/mL) 0.687±0.05 1.82±0.36 2.32±2.23 0.476±0.05 
   *T=(p<0.001) 
Mean ± SD (n = 6), ALAT: Alanine amino transferase; IL-10: Interleukin-10.,*T= p<0.001: Patients with severe VL 
demonstrated higher testosterone level compared with patients with low infection (group A,*C = p<0.005 compared other VL 
patients (group A and B) and control,*BMI, p<0.005: VL patients with low parasite load observed with significantly high 
BMI index compared to VL patients with severe infection,*PC, p>0.005, No significant difference was observed between 
creatinine level of VL patients based on parasite load 
 
Table 2. Effect of testosterone on levels of IL-10 and IFN-γ in human VL patients and healthy control 
  Cytokines (pg/mL) 
 ------------------------------------------------------------------------------------------------------------------ 
 IL-10  IFN-γ 
 --------------------------------------------------- --------------------------------------------- 
Stimulation VL Healthy VL Healthy 
None 2.23±0.5 0.82± 0.01 50±1.25 134.5±1.56 
Along with testosterone 38.17±1.21 8.52±1.51 84.8±1.28 124.43±6.78 
 *p<0.001 
Along with SLA 26.17±1.19 9.65±2.74 155±2.55 121.33±2.3 
Along with Ionomycin 24.2±1.51 12.2±1.51 280.3±3.5 178.5±1.2 

 
To understand testosterone related impact of cytokine 

immune response during VL, we investigated the 
secreted levels of IL-10 and IFN-γ that were produced in 
response to stimulation with SLA, testosterone and 
PMA-Ionomycin by quantikine-ELISA (Table 2). The 
levels of IFN-γ in response to testosterone in VL patients 
were lower than those of healthy controls (p<0.001). In 
healthy controls, the effect of testosterone on IFN-γ 
production was not much different than that of SLA 
(p>0.05). However, in VL patients the effect of 
testosterone was significantly lower than that of SLA 
(p<0.001). The levels of IL-10 produced in response to 
testosterone during VL were higher compared with the 
SLA and PMA-Ionomycin stimulated group. The VL 
cases released ~38.17 pg mL−1 IL-10 against testosterone 

stimulation and ~26.17pg mL−1 IL-10 against the SLA 
stimulation (p<0.01). In healthy controls, the effect of 
testosterone on IL-10 production was not much different 
than that of SLA and PMA-Ionomycin (p>0.05). 

4. DISCUSSION 

Even though, males tend to be more susceptible to 
VL than females, no previous study has focussed to 
analyse the basis of this preferentially biased gender 
difference exhibited in the immune response of human 
cases to VL. Testosterone modulation of increased 
infection in macrophages was reported in animal model 
of VL (Zhang et al., 2001). Very little is known about 
whether testosterone has direct influence on Leishmania 
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donovani infection in humans (Cutolo et al., 2005). 
Immunological findings reported in this study showed a 
direct correlation between the clinical features and level 
of testosterone of the Kala-azar cases. Thus, a severe 
case with higher parasite load showed more testosterone 
in their plasma while minimum testosterone in plasma 
was evident at lower level of infection in a Kala-azar 
patient having lesser parasite load. It precisely suggests 
that testosterone might be involved in the disease 
progression. Whether testosterone could be found to be 
expressed predominantly in the lymphoid organs during 
severe parasite multiplication in a chronic kala-azar case 
needs to be further investigated. Evidence is 
accumulating which also suggests that testosterone levels 
might decrease in multiple pro-inflammatory states, 
including critical illnesses and metabolic syndrome. The 
presence of androgen receptor was reported in primary 
culture of human synovial macrophages (Benten et al., 
1999). Previous studies has also documented that male 
sex hormone, testosterone plays an important role for 
infections with parasitic protozoans inducing an 
immuno-suppressive effect (Greenblatt, 1980; 
Alexander, 1988). Macrophages and lymphocytes, the 
two major cell types involved in the disease outcome 
of leishmaniasis, possesses receptors for sex hormones 
such as androgen, estrogens and progesterone 
(Wunderlich et al., 2002; Danel et al., 1983; Jones et al., 
2008). Based on these data it is not surprising that 
testosterone could affect the outcomes of VL.  

Even, the cholesterol levels were lower in more 
severe stage of VL. In a recent study, 
hypocholesterolemia and increased triglyceride in 
paediatric visceral leishmaniasis has been observed and 
it has also been found that total serum cholesterol 
determination can provide an understanding of parasite 
burden in patients with VL infection (Simons and 
Toomre, 2000; Lal et al., 2007). Cholesterol is the key 
molecule in the synthesis of both male and female sex 
hormones. Thus, we hypothesized that it is probably the 
common occurrence of inflammation reducing total 
cholesterol which is likely to increase levels of sex 
hormones such as testosterone. Levels of other sex 
hormones were not measured in this study. In general, 
about 50% of serum cholesterol is derived from dietary 
cholesterol and 50% is generated biosynthetically. The 
VL may lead to anorexia, hence the origin of the lower 
cholesterol may reduce dietary intake, not the down 
regulation of biosynthetic pathway (Ghosh et al., 2011). 

Even though, severely infected VL cases had high 
testosterone level, this study indicated that testosterone 

which remains a major circulating androgen in male 
individuals was mainly immuno-suppressive in VL 
patients. Results of the cytokine analysis of this study 
clearly demonstrated that expression of IFN-γ in 
testosterone treated samples of VL patients was reduced 
than those of healthy control, that there was slight 
augmentation of this expression in controls in response 
to testosterone. Overall, IFN-γ production in VL patients 
was markedly reduced compared with control. 
Testosterone increased IFN-γ production from 
unstimulated control, however this increase in IFN-γ was 
greatly reduced as compared to test control. The levels of 
IFN-γ in response to testosterone in healthy control were 
decreased marginally from unstimulated control but the 
difference was not of any statistical significance 
(p>0.05). As healthy controls were not exposed to 
Leishmania infection, there was no question of antigen 
processing and presentation and subsequent immune 
activation. As such there was marginal change in level of 
IFN-γ in response to testosterone in unstimulated control 
than healthy controls. Further the SLA stimulation 
increased the IFN-γ production in VL patients than 
healthy controls. It is well established that antigen driven 
CMI response (Th1 response) is poor. However, both 
Th1 and Th2 cell response is likely to be triggered in 
Kala-azar (Ghalib et al., 1993). SLA stimulation 
decreased IFN-γ production in healthy control, as in 
healthy control there was no recall response previously 
unaffected with parasites. The present study also 
revealed that the difference in IFN-γ production between 
VL patients and healthy controls were significant in 
unstimulated conditions for which we observed 
difference in stimulated condition as well. It is usually 
believed that IFN-γ is the pre-dominant cytokine in anti-
leishmanial defence (Carrera et al., 1996; Taylor and 
Murray, 1998). It functions through its receptor, 
IGNGR1 and IFNGR2 which are expressed nearly on all 
cell surfaces. As macrophage and T-cells both possess 
testosterone receptor, it is not surprising that increased 
level of testosterone in VL cases affected IFN-γ 
production and that these events collectively influenced 
the clinical severity of VL. Although not discussed 
widely in VL, evidence has indicated that sex hormones 
can have a major impact in the development of immune 
response. For instance, as known, the Nuclear Factor-
Kappa B (NF-kB)/REL family of transcription factors 
has a central role in coordinating the expression of a 
wide variety of genes that control immune responses and 
in relation to it reports are available which suggest 
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involvement of testosterone in suppression of NF-kB 
signal transduction (Li and Verma, 2002). The reports 
on testosterone signalling in T-cells and macrophages 
are already available and it was also shown earlier that 
this hormone also suppress NF-kB signal transduction 
(Li and Verma, 2002). Of relevance to infection, NF-kB 
has been shown to be required for the production of IL-
12 and IFN-γ as well as Inducible Nitrite Oxide 
Synthase (iNOS) (Zhang et al., 2001; Grigoriadis et al., 
1996; Sica et al., 1996; Sanjabi et al., 2000). 

 After incorporating the results obtained in the 
present study, it seems possible that observed increase in 
testosterone with concomitant decrease in IFN-γ in 
presence of exogeneous testosterone may reflect strong 
control of sex hormones during initiation of activation 
events in T-cells also during VL. 

However, relationship of release of testosterone with 
IFN-γ down regulation may only represent initial steps 
and cannot explain the profuse defects in the cellular 
immune response to parasite. Interestingly, IL-10 
production levels were directly correlated with 
testosterone stimulation. If IL-10 secretion acts by 
promoting immune suppression and exacerbating the 
disease, based on the data obtained, testosterone 
stimulation was happening to increase the IL-10 
secretion in the VL cases that were at greater risk for 
severe disease. Sex hormones modulating inflammatory 
mediators produced by macrophages cannot be ruled out 
and increased production of Th2-associated anti-
inflammatory cytokines such as IL-10 was previously 
observed (D’Agostino et al., 1999). Although IL-10 
levels in VL patients have in general, been found to 
correlate with immune pathology, the effect of 
testosterone to trigger IL-10 and the abilities of the VL 
cases to produce IL-10 in general are perhaps related. 
Together with our results, this information only indicates 
that testosterone may have implications for 
immunoregulation of cellular responses. Through IL-10 
production, antigen presentation could be inhibited, 
while a decrease of IFN-γ could have further inhibitory 
effect on TNF-α. As previously shown in VL patients, 
IL-10, IL-4, IL-13 and TGF-β are recognized as key 
cytokines, the up regulation in the production of which 
lower the IFN-γdominant protective Th1 cell associated 
mechanism, thereby deactivating L. donovani infected 
macrophages and fostering progressive intracellular 
infection (Gomes-Pereira et al., 2004; Jones et al., 2000; 
Murray and Delph-Etienne, 2000). 

Earlier studies have also revealed that the male sex 
hormone, testosterone, plays an important role in sex 

dependant resistance in Trypanosoma rhodesiense 
infection in mice inducing an immuno-suppressive effect 
in many diseases (Greenblatt and Rosenstreich, 1984). 
Similarly, such relevance has been shown in infection 
with Strongyloides ratti in C57BL/6 mice (Kiyota et al., 
1984). The over expression in the level of these 
cytokines considerably affects macrophage activating 
effecter response particularly of interferon-γ which is 
known to switch on various activation cascades within 
macrophages and facilitates immune containment of the 
parasite load (Thakur et al., 2003; Bimal et al., 2008).  

5. CONCLUSION 

It is apparent from this study that sex hormone 
such as testosterone can directly interact with cells of 
immune system and influences the development of 
immune response during VL. The mechanism how this 
testosterone modulation of immune response during L. 
donovani infection is linked to hypocholesterolemia 
which remains a conspicuous feature of disease might 
suggest towards a combined network influencing the 
regulation of disease in human clinical situation 
particularly VL. 

6. LIMITATIONS 

It was a preliminary study conducted on a small 
sample size of Indian kala-azar/VL male patients. This 
was the first study of this kind directly done on the role 
of androgens in influencing immune response in Indian 
VL patients. A similar kind of study on a large sample 
size incorporating both sexes can contribute significantly 
in confirming the role of sex hormones in immuno-
pathogenesis of VL. A further study is warranted 
including determination of sex hormones pre and post 
treatment as well as in patients having co-infections of 
VL-HIV, VL-Tuberculosis etc.  
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