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ABSTRACT

Males are more prone to Visceral Leishmaniasis (¥&)compared to females. The role of androgens in
host defence againkeishmania and other pathogens is of considerable intefidgs study was aimed to
understand a baseline mechanistic understanditigegbathogenesis of visceral leishmaniasis withbeels

to testosterone. We examined the relationship betveerum testosterone and cholesterol levels, eantig
induced Interleukin-10 (IL-10) and Interferon-gamifi&N-y) and production by Peripheral Blood Mono
Nuclear Cells (PBMCs) and parasite burden as détedrby microscopic examination on male patients (n
= 18) with VL and gender-and age-matched contmols (0). Testosterone plasma levels were founceto b
up regulated in VL patients as compared to heattbgtrols. In severely infected patients, the mean
testosterone concentration was observed to beasede compared with other VL patients (p<0.001).
Further, serum cholesterol level was found muchrdosgulated during severe infection of VL (p<0.005)
as compared to healthy control. Furtheriawitro stimulation of PBMCs of VL patients with exogenous
testosterone resulted in an increase IL-10 prodootiith a subsequent decline in host protective-JFN
response. This study suggests that testosterorm ieight be linked to immuno-pathogenicity of VL
infection. Whether testosterone level is probablynarker of severe VL infection with an immuno-
suppressive effect needs to be validated further.
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1. INTRODUCTION 400,000 new cases and more than 20,000-40,000death
occur in rural areas of India, Nepal, Bangladesija®
Visceral Leishmaniasis (VL), also known as kala- and Brazil; as many as one half of the cases obdttur
azar, is a protozoan disease typically caused byin India (Desjeux, 1992; 1996; 2004; Alvetral., 2012).
Leishmania donovani complex, which includes three The disease affects mainly the poor rural and cause
species L. donovani (Indian subcontinent and East fever, hepatosplenomegaly, pancytopenia and wasting
Africa), L. infantum (Mediterranean basin) and. Barriers impeding the effective control of VL, india
chagas (Latin America). It is transmitted to humans by and elsewhere are the limited availability of prope
bites of female infected sand flies (vect&i)lebotomus medical facilities, incomplete course of treatmemd
(old world) and Lutzomia (New world)his disease is limited treatment options. For many years, Sodium
endemic in 62 countries; 90% of the estimated 2WB,0 Antimony Gluconate (SAG) has been used as the first
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line treatment in many countries including India.
Recently, increasing rates of resistancé.afonovani to
SAG in India have led to the consideration of alédive
drugs such as oral
amphotericin-B as first line treatment (Sunddral.,
1997; Daset al., 2005; Abdoet al., 2003; Sundaet al.,
2006; Thakur and Narayan, 2004). As known, VL
patients require an interfergndFN-y) T-helper cell type
1 (Thl) response to initiate lytic mechanism within

miltefosine and parenteral

severity and cholesterol is the precursor moletarighe
production of testosterone. Hence, the study of

testosterone and cholesterol is required to beoesg!

To what extent immune intervention might
influence the occurrence of clinical situation
preferably in male population is less understoad. |
one study, the resistance of female subjects of
acquiring cutaneous leishmaniasis correlated with
higher level of GM-CSF, a growth factor known to

macrophages which leads to immune containment offacilitate differentiation of macrophage and detidri

the parasite load (Thakwt al., 2003; Bimalet al.,

cells. Successful treatment of refractory CL witMG

2008). However, the Thl kind of response remainsCSF and antimonials has also been reported indystu

suppressed in patients and it has been shown lisat t
suppression was regulated by IL-10 (Carvathal.,
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 (Katgal.,
1993; Ghalibet al., 1993; Kennet al., 1998).

Notably, several epidemiological analyses reflaat t

most often, males are at greater risk of developingimmuno-suppressive.

clinical leishmaniasis such as Cutaneous Leishmsania
(CL), Mucocutaneous Leishmaniasis (ML) and VL

(Lezama-Davileet al., 2007; Almeidaet al., 2005).

While these factors probably play a role in thedgen
differences seen in clinical cases of leishmaniasis
Several studies signify that modulation of infentiby
sex hormones can be also outcome of the disease.
Evidence has indicated that both testosteronentdier
circulating androgen in male and progesterone, a
hormone linked to maintenance of pregnancy are
These hormones impair
macrophage production of TNFand NO, suppress NF-
kB signal transduction which is a pre-requisite fiwo-

(Snideret al., 2009). Studies of VL in humans have also inflammatory cytokine production and promotes IL-10

exhibited a similar trend fdr.chagas infections in Brazil
and L.donovani infections in Somalia (Jeronimet al.,
2004; Shiddcet al., 1995). The underlying mechanism of
such gender biased occurrence of clinical leishasii
remains by and large unclear. One murine study hemwe
has demonstrated that female DBA/2 mice secreta@ mo
IFN-y compared to male againktmexicana infection.
On the other hand, male mice exhibited high le¥dlh®
associated IgG antibodies, which was not detectable
female mice (Satoskat al., 1998). Some contradictory
reports are also available which either indicatat th
gender may not be a factor in acquiribgpanamensis

or even that in certain regions, females could logem
susceptible toL. tropica (Munoz and Davies, 2006;
Reithinger et al., 2003). Studies regarding role of

testosterone in mucocutaneous leishmaniasis is als<‘1)_

reported but there is paucity of literature regagdi
role of testosterone and cholesterol in VL in Indiad
this study will contribute to scientific literature

In human body, one of the major sites.efshmania
infection is liver, where the cholesterol is syrsized. In
human disease severity was also found to be assdcia
with a decreased cholesterol profile in paedia¥fic

production and STAT-6 transduction known to up-
regulate IL-4 (Piccinniet al., 1995; Miller and Hunt,
1998; D’'Agostinoet al., 1999). Although, one study
confirmed that treatment with exogenous testostron
enhanced disease exacerbation of VL in hamsters, ou
understanding on sex-hormones in human VL patients
in relation to disease exacerbation is poor andis¢e

be investigated (Yimt al., 1998).

In human disease severity was also found to be
associated with a decreased cholesterol profile in
paediatric VL patients. Cholesterol is largely repd
about its role in the parasitic infection. It nicelxerts its
effect through its membrane domain termed lipid raf
through which it facilitates signal transduction abbow
athogen gain entry into the host cells (Simons and
oomre, 2000; Lakt al., 2007; Ghosket 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

patients. Total serum cholesterol determination canhormonal imbalances on pathogenicity of VL on the

provide understanding of parasite burden in patigith
visceral leishmaniasis infection (Ll al., 2010). Since,
cholesterol is playing its important role in thesehse
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basis of IL-10 production by these patients. IL-10
suppresses the activity of IFN-which is the host
protection based cytokine.
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2. MATERIALSAND METHODS age of 15 years, with past kala-azar history, poesit
HIV, HbsAg and HCV serology test, abnormal renal
2.1. Study Population function tests (Serum creatinine and blood urea

nitrogen), abnormal liver function tests (Serum

The present study was approved by the Institutionalpilirubin, Alanine transaminase and Aspartate
Ethical Committee (IEC) and a written informed c@ms  transaminase) and those who refused to give consent
was obtained from all human subjects. The clinjcall for the study were excluded.
suspected VL subjects hailing from various endemic N
districts of Bihar, without history of treatmentrfy/L 2.3. Investigations
and aged between 15 to 50 years, were recruit¢deat All the study subjects were examined clinically
out-patient-clinic of Rajendra Memorial Research ang admitted in the indoor ward of RMRIMS, Patna.
Institute of Medical Sciences between March 2018 an gogy weight, temperature, liver and spleen size ewer
February 2011. The clinical VL suspects were subfeC  measuredBlood, sputum and urine samples were collected
to serological test (fK39 strip test), splenic @@  fom all the study subjects including control. Me-spot

examination for L.D. [eishmania donovani) body and  gergjogical test was performed using rk-39 strip Bios
blood PCR. As the sensitivity of bone marrow smiear International, Seatte, WA) and the remaining blood

low, splenic smear examination were considered forsamples were transported for further laboratory
confirmation of parasitological diagnosis. Aftersbne i, estigations including minicircle of kinetopld3NA (k-
diagnostic workup patient with suspected VL underwe DNA) blood PCR for VL (Sundaet al., 1998; Singlet al
splenic aspiration and smear examination. Ten age-s 5909- 2013 Salotraet al. 2001')’_ Routine _Clinical
matched endemic individuals without any clinicar& i, hemjcal assays, such as serum bilirubin, serum
and symptoms of VL were included as healthy cosirol o5 tate and alanine transminase, serum cholestero
Blood was collected for estimation of testosterone, p\ 04 irea nitrogen and creatinine levels werequaréd
immunological test and biochemical analysis. For on serum samples, obtained from the patients and
]Eestoster;?net estm:jatlon,t sTrum (11.85 h)]ll_was colle<_:ted. | controls. Estimation of total serum cholesterol was
r(?gr]n?na gn SF%r; ii?rglzﬁjlomicél gndcrgic:)%iglr%i::/:} done using overnight fasting samples of patientd an
.( ng .)' L 9 controls. None of the patients were using statins
investigations, heparinised samples of venous blOOd(HMG-CoA reductase _ inhibitors).  Pathological
gﬁrggzgitfé)”fg;%d (flg?_T p?;g;[fs avcgrgogfc?éifﬁsto investigations included total and differential vehit
three arouns: aroun A v,vitFr)w PL of grade 1+ (n = 6) blood cell counts, total protein and haemoglobulin
groupr wﬁh,PgL ofpgrade 23+ (n 9 6) and group C (Hb levels). In addition, serological tests for the
: . human immunodeficiency virus, hepatitis B and C
ag?ei:;g;vénb:rﬁ).ég2(;rc?g%?gzcteﬁ?gmdcﬁggrols were performed in eac)rq case. Thpe clinically and
y serologically suspected individuals were subjedted

urine and sputum) and blood PCR. . . o . X

microscopic examination of Giemsa stained smear of
2.2. Inclusion and Exclusion Criteria splenic aspirates for parasitological confirmatioh
the disease. The following standard grading system
for parasite load was used: 1-10 amastigotes/1600 o
immersion fields (1+), 1-10 amastigotes/100 oil

to male sex and were between the age group of 58 to ?mmers?on fi_elds (2+), 1-10 amastig_otes/lo 0.”
years. All clinical suspects presenting to the patient- ~ Immersion  fields (3+), 1-10 amastigotes/1 oil
clinic of RMRIMS with a history of fever of 2 weeks immersion fields (4+) and 10-100 amastigotes/1 oil

duraton or more and with splenomegaly were immersion fields (5+) (Chulay and Bryceson, 1983).
considergd as eligible for the study. Parasit(_)hylgic 2.4. Testoster one Assays

examinations were performed on these clinically
suspected male VL patients. After confirming the Direct Immunoenzymatic Assay (DIA) was applied
presence of LD bodies in the splenic aspirate, thefor the quantitative determination of testosterone
patients were included, admitted in the ward andewe serum. Briefly, 25 pL serum samples from patiemd a
given treatment as per the standard drug regimercontrols were added to anti-testosterone 1gG adyibo
(Amphotericin B, 1 mg/kg/body weight in 5% dextrose coated wells in a 96 well micro titre platexB2wells
on alternate days for 15 injections). Patients Wwelbe (Equipar, Italy). Standard calibration samples pD(2,

The patients who gave informed consent were
consecutively enrolled in the study until complatiof
prior determined sample size. All the patients begéxl
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1.0, 4.0 and 16 ng mt were also added in separate clinically and parasitologically cured after tream
wells. This followed subsequent incubation of saeapl These were followed-up to one year. None of theoh ha
with 100 uL" proteic buffer solution containing relapse of VL or progression to Post Kala-azar Zérm
testosterone conjugated with Horseradish Peroxidiseleishmanisis (PKDL).

(HRP), provided with the kit, for 60 min at 37°Cath . :

allowed binding of testosterone present in sample t 2.7. Statistical Analysis

the immobilized antibodies. After washing, 100 AL The testosterone and IL-10 levels of patients were
of enzyme sub§trate containing Tetramethylbenzed|necompared with controls using Mann Whitney test and
(TMB) diluted in phosphate/citrate buffer was added comparison between different levels of infectivity

and incubated for 15 min at room temperature in theVL patients with control was done using the Kruskal

dark. The reaction was terminated by adding stogpin . . .
solution of 0.3M sulphuric acid. Absorbance of each yearlélizrr]lc])-%r))arametrlc test using SPSS software (SPSS

well against blanking well was measured at 450 nm i
a plate reader within 30 min. The colour intensitys
inversely  proportional to the testosterone 3.RESULTS

concentration in the sample. . .
P The results are presented as a correlation ofneuti

25 Effect of Testosterone on Reease of laboratory and anthropometric measurements with
CytokinelL-10 Leve parasite burden, testosterone and cholesterol slevel
o . (Table 1). The clinical variables for total count and
Heparinized venous blood from VL patients and gitferential count in the different groups of VL tjents
control was diluted in 1 in 5 with endotoxin fre®RI- were comparable. Based on severity of VL as detexchi
1640 (Glbcc_)) supplemented with pen|c[ll|n, strepyaim by parasite burden, in group C (Severe VL patienés)
and glutamine (2 mm) and cultured in 24 well plates |, Body Mass Index (BMI) compared to group A (low

(NUNC). The cells were gtimulated vyith Quh ofwater infection group, p<0.001) and group B (moderate
soluble testosterone which was dissolved in ethanol infection group, p<0.05). In comparison, the paten

Simultaneous stimulations were performed with (tp with moderate to low infection showed a better BMI

_1 . . .
mL™" of Soluble Leishmania Antigen (SLA) and PMA- (p>0.05). On the other hand, it appeared that &gvel

ionomycin in independent wells and the supernatant Lo . :
were harvested after 24 h and stored at -80°C.iEarl SVL had little impact on creatinine and_tra_n_sm|ssiewel
compared to control (p>0.005). Significantly lower

the Solub7le Le;ishmania Antigen (SLA) was prepared cholesterol levels were observed in all categoofe¥L
from 1x10'/mL™" stationary phaskeishmania donovani patients than the healthy control (p<0.005). GraZip

romastigotes suspended in phosphate bufferedesalin .
?pH 7.4).gThe suspgnsion was \?orteg five time<2fonin (severe VL patients) had low cholesterol compamed t
group A (low infection group, p<0.001) and group B

each with a 10 min interval and stored in liquittagen. . .
The pellets thus obtained were re-suspended inl1efm ~(moderate infection group, p<0.05). Subsequent data
revealed that testosterone level was increased Lin V

the PBS and sonicate at 4°C five times for 1 mimmn
ultrasonicator (80% amplitude, 0.5 min pulse). The cases compared to healthy controls (p<0.05). Iersev

suspension was finally centrifuged at 68gdor 20 min VL patients (group C) higher testosterone levelsewe
at 4°C. The supernatant containing the solubleObserved compared to group A (low VL infection,
leishmania antigen was collected and stored atG70° P<0.001)and group B (moderate VL infection, p<0.05
The amount of SLA was adjusted at pd0 5uL ™. The serum transaminase, blood urea, creatinine were
Cytokine were measured with specific immuno assayobserved to be within normal reference range witiée
according to manufacturer's instructions. The digec ~ serum cholesterol was found much down regulated in
limits were 7.8 pg mL* for IFN=y (BD, USA), 2 pg mC*  group C (Range 38.0-50.9 mg dL The serum
for IL-10 (BD, USA) and 4 pg mi. cholesterol was 1between 58.2 to 71.0 mg'dind 84.5
to 101.6 mg dL" in group B and A respectively. In

2.6. Treatment severe VL infection (group C), serum testosteranell

The patients who were confirmed clinically, was also observed to be up regulated. It appeatdith
serologically and parasitologically for VL were aithed serum testosterone in higher parasitic load groap be
in the indoor ward of the institute and were trdatéth due to down regulated serum cholesterol, since
intravenous Amphotericin B 1mg/kg/body weight in 5% cholesterol is a prerequisite precursor of testoste in
dextrose for 15 injections alternate day. They werethe human body.
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Table 1. Biochemical investigations, duration of iliness a@estosterone levels in VL patients compared tdgrobn

Groups
Low Moderate Severe Healthy
Parameters (group A) (group B) (group-C) controls
Mean age (years) 18+11.4 19.445.7 28+8.55 24.7548.7
Parasitic load 1+ L.D. bodies 2-3+ L.D. bodies L>B. bodies NA
Duration of illness (days) 2285+7.2 25.60+ 15.00 30.10+15.00 NA
Total white blood cells (cmm) 3639+216 48641245 B4B30 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 4236
Eosinophil (%) 2.52+6.66 6.21+2.36 2.4242.95 2.3+0.
Body mass index (Kg/fh 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 18.545.5 21.04£3.25 23.10+5.60
Creatinine (mg/dL) 0.50+0.12 0.72+0.12 0.69+0.15 515
*PC p>0.005
Cholesterol (mg/dL) 94.33+7.79 66.86+4.76 43.68+4.69 145.0422.5
*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 transferadé:10: Interleukin-10.,*T= p<0.001: Patients witbevere VL
demonstrated higher testosterone level comparel patients with low infection (group A,*C = p<0.0@dmpared other VL
patients (group A and B) and control,*BMI, p<0.008L patients with low parasite load observed witnificantly high
BMI index compared to VL patients with severe irtffen,*P®, p>0.005, No significant difference was observadween
creatinine level of VL patients based on parasitll

Table 2. Effect of testosterone on levels of IL-10 and IliFi human VL patients and healthy control
Cytokines (pg/mL)

IL-10 IFN-y
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 84.2381 124.43+6.78
*p<0.001
Along with SLA 26.17+1.19 9.65+2.74 155+2.55 12133
Along with lonomycin 24.2+1.51 12.2+1.51 280.3+3.5 178.5+1.2

To understand testosterone related impact of oyeoki stimulation and ~26.17pg mt.IL-10 against the SLA
immune response during VL, we investigated the stimulation (p<0.01). In healthy controls, the effof
secreted levels of IL-10 and IFNthat were produced in  testosterone on IL-10 production was not much ckffie
response to stimulation with SLA, testosterone andthan that of SLA and PMA-lonomycin (p>0.05).
PMA-lonomycin by quantikine-ELISATable 2). The

levels of IFNy in response to testosterone in VL patients 4. DISCUSSION
were lower than those of healthy controls (p<0.001)
healthy controls, the effect of testosterone on -iFN Even though, males tend to be more susceptible to

production was not much different than that of SLA VL than females, no previous study has focussed to
(p>0.05). However, in VL patients the effect of analyse the basis of this preferentially biaseddgen
testosterone was significantly lower than that &AS  difference exhibited in the immune response of huma
(p<0.001). The levels of IL-10 produced in respottse cases to VL. Testosterone modulation of increased
testosterone during VL were higher compared with th infection in macrophages was reported in animal ehod
SLA and PMA-lonomycin stimulated group. The VL of VL (Zhanget al., 2001). Very little is known about
cases released ~38.17 pg ThIL-10 against testosterone whether testosterone has direct influence_eishmania
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donovani infection in humans (Cutolet al., 2005).  which remains a major circulating androgen in male
Immunological findings reported in this study showe individuals was mainly immuno-suppressive in VL
direct correlation between the clinical featured &vel patients. Results of the cytokine analysis of #tisdy

of testosterone of the Kala-azar cases. Thus, arsev clearly demonstrated that expression of KNin
case with higher parasite load showed more testoste  testosterone treated samples of VL patients wasceet]

in their plasma while minimum testosterone in plasm than those of healthy control, that there was sligh
was evident at lower level of infection in a Ka#aa 4 gmentation of this expression in controls in cese
patient having lesser parasite load. It preciselygests 14 testosterone. Overall, IFiNproduction in VL patients

that testosterone might be involved in the disease ¢ markedly reduced compared with control.
progression. Whether testosterone could be foureto Testosterone  increased  IFN- production  from

expressed predominantly in the lymphoid organsmguri unstimulated control, however this increase in fFiNas

severe parasite multiplication in a chronic kalarazase _greatly reduced as compared to test control. Thadeof

needs to be further investigated. Evidence is 4 ;
. . IFN-y in response to testosterone in healthy controbewer
accumulating which also suggests that testostdemms ) .
decreased marginally from unstimulated control tiet

might decrease in multiple pro-inflammatory states, diff of watistical _sianif
including critical illnesses and metabolic syndrombe ' %r%nce Waf‘] r;oh 0 an); statistical - signi |ca(;1ce
presence of androgen receptor was reported in pyima (P>0.05). As healthy controls were not exposed to
culture of human synovial macrophages (Bergeal. Leishmania infection, there was no question of antigen
1999). Previous studies has also documented thiet ma Processing and presentation and subsequent immune

sex hormone, testosterone plays an important mie f activation. As such there was marginal changevellef
infections with parasitic protozoans inducing an !FN-y in response to testosterone in unstimulated cbntro

immuno-suppressive  effect  (Greenblatt, 1980: than healthy controls. Further the SLA stimulation
Alexander, 1988). Macrophages and lymphocytes, theincreased the IFN- production in VL patients than
two major cell types involved in the disease outeom healthy controls. It is well established that astigiriven
of leishmaniasis, possesses receptors for sex hmsno CMI response (Thl response) is poor. However, both
such as androgen, estrogens and progesteronghl and Th2 cell response is likely to be triggened

(Wunderlichet al., 2002; Danett al., 1983; Jonest al., Kala-azar (Ghalibet al., 1993). SLA stimulation
2008). Based on these data it is not surprising thadecreased IFN- production in healthy control, as in
testosterone could affect the outcomes of VL. healthy control there was no recall response pusijo

Even, the cholesterol levels were lower in more unaffected with parasites. The present study also
severe stage of VL. In a recent study, revealed that the difference in IFNsroduction between
hypocholesterolemia and increased triglyceride inVL patients and healthy controls were significant i
paediatric visceral leishmaniasis has been obsesmed unstimulated conditions for which we observed
it has also been found that total serum cholesteroldifference in stimulated condition as well. It isually
determination can provide an understanding of [ii@ras believed that IFN is the pre-dominant cytokine in anti-
burden in patients with VL infection (Simons and leishmanial defence (Carreet al., 1996; Taylor and
Toomre, 2000; Lakt al., 2007). Cholesterol is the key Murray, 1998). It functions through its receptor,
molecule in the synthesis of both male and female s IGNGR1 and IFNGR2 which are expressed nearly on all
hormones. Thus, we hypothesized that it is prob#tidy  cell surfaces. As macrophage and T-cells both gssse
common occurrence of inflammation reducing total testosterone receptor, it is not surprising thateased
cholesterol which is likely to increase levels @xs level of testosterone in VL cases affected H-N-
hormones such as testosterone. Levels of other seproduction and that these events collectively erficed
hormones were not measured in this study. In génerathe clinical severity of VL. Although not discussed
about 50% of serum cholesterol is derived fromatiet ~ widely in VL, evidence has indicated that sex hone®
cholesterol and 50% is generated biosyntheticallye can have a major impact in the development of imanun
VL may lead to anorexia, hence the origin of thedo response. For instance, as known, the Nuclear Facto
cholesterol may reduce dietary intake, not the downKappa B (NF-kB)/REL family of transcription factors
regulation of biosynthetic pathway (Ghoathal., 2011). has a central role in coordinating the expressibra o

Even though, severely infected VL cases had highwide variety of genes that control immune respomses
testosterone level, this study indicated that s#etone  in relation to it reports are available which sugjge
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involvement of testosterone in suppression of NF-kB dependant resistance iffrypanosoma rhodesiense
signal transduction (Li and Verma, 2002). The répor infection in mice inducing an immuno-suppressivieatf

on testosterone signalling in T-cells and macrogisag in many diseases (Greenblatt and Rosenstreich,)1984
are already available and it was also shown eattiier ~ Similarly, such relevance has been shown in infecti
this hormone also suppress NF-kB signal transdoctio With Srongyloides ratti in C57BL/6 mice (Kiyotaet al.,

(Li and Verma, 2002). Of relevance to infection,-kig ~ 1984). The over expression in the level of these
has been shown to be required for the productioi.-of cytokines considerably affects macrophage actigatin
12 and IFNy as well as Inducible Nitrite Oxide effecter response particularly of interferprwhich is

Synthase (iNOS) (Zhang al., 2001; Grigoriadigt al. known to switch on various activation cascades iwith
1996; Sicaet al., 1996; Sanjabét al., 2000). macrophages and facilitates immune containmenhef t

After incorporating the results obtained in the Parasite load (Thakwtal., 2003; Bimakt al., 2008).
present study, it seems possible that observedaserin
testosterone with concomitant decrease in {FNx 5. CONCLUSION
presence of exogeneous testosterone may reflestgstr
control of sex hormones during initiation of actiea : ) _
events in T-cells also during VL. _such as testosterone can directly interact witts oz

However, relationship of release of testosterora wi Immune system and influences the development of
IFN-y down regulation may only represent initial steps IMmune response during VL. The mechanism how this
and cannot explain the profuse defects in the leellu (€Stosterone modulation of immune response during
immune response to parasite. Interestingly, IL-10 dor_10van| mf_ectlon is Imked to hypochole_steroleml_a
production levels were directly correlated with which remains a conspicuous feature of disease tmigh
testosterone stimulation. If IL-10 secretion actg b suggest towards a combined network influencing the
promoting immune Suppression and exacerbating thé’egulation of disease in human clinical situation
disease, based on the data obtained, testosteroriearticularly VL.
stimulation was happening to increase the IL-10
secretion in the VL cases that were at greater fiask 6. LIMITATIONS
severe disease. Sex hormones modulating inflamgnator
mediators produced by macrophages cannot be rufed o
and increased production of Th2-associated anti-
inflammatory cytokines such as IL-10 was previously
observed (D’Agostinoet al., 1999). Although IL-10
levels in VL patients have in general, been fouad t
correlate with immune pathology, the effect of
testosterone to trigger IL-10 and the abilitiesttod VL
cases to produce IL-10 in general are perhapserklat
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