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INTRODUCTION
Leishmaniasis is one of the most diverse and complex vector-borne metazoonosis diseases[1]. The causing agent is at least 

17 species[2] of obligate intracellular protozoan parasites that belong to the genus Leishmania[3]. It is transmitted to human by 
the bite of phlebotomine female sand flies of the genera Phlebotomus and Lutzomyia in the old and new worlds respectively[4]. 
The species are in widespread tropical and subtropical continents except Antarctica[5]. The disease is endemic in 88 countries of 
Indian subcontinent, Southern Europe and Western Asia to America including rural and peri urban areas[6]. Leishmaniasis shows 
a disease burden of 12 million affected people with an annual estimation of 2-4 million new cases globally of which 60% cases 
occur in India alone[7].

Leishmaniasis is traditionally classified in three different clinical forms: Visceral Leishmaniasis (VL), Cutaneous Leishmaniasis 
(CL) and Mucocutaneous Leishmaniasis (MCL). This ranges from simple cutaneous ulcers to huge destruction in CL and subcutaneous 
tissues in ML. Other cutaneous manifestations are Diffuse Cutaneous (DCL), Recidivans (RL) and Post Kala-Azar Dermal (PKDL) 
Leishmaniasis. However, VL is the most complicated form of Leishmaniasis that can cause death if remain untreated. 

Leishmaniasis is a disease of poor mainly living in tropical regions of developing world. It is more seen in immunocompromised 
health conditions like HIV co-infection[8, 9]. Increasing drug resistance to commonly used drugs [sodium stibogluconate (SSG), 
Amphotericin B, Pentamidine or Miltefosine][10-14], lack of effective vaccine programme[15] and difficulties in sustaining treatment 
procedure sharply demands for newer cost-effective orally used drugs. Perhaps, the search for a new drug is a perpetual process. 

This review deals with encouraging antileishmanial activities of some antidepressant drugs.
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ABSTRACT

Leishmaniasis is a complex vector-borne disease caused by different 
species of Leishmania. It affects at least 12 million people worldwide. 
Leishmaniasis is commonly associated with poor economic conditions 
and immune compromised situations like HIV co infection. There is 
increasing in drug resistance to commonly used therapeutics as well as 
lack of vaccine program. This leads to a perpetual search for a new drug for 
leishmaniasis. This review fundamentally deals with some antidepressant 
drugs showing the anti leishmanial activities. These antidepressant 
drugs are Imipramine, Sertraline, Ketanserin and Mianserin. Imipramine 
being a Tri Cyclic Antidepressant (TCA) drug kills Leishmania donovani 
elevating IL-12/IL-10 ratio. Sertraline belonging to the selective serotonin 
reuptake inhibitor (SSRI) drugs, removes parasite loads from spleen and 
liver probably by declining cytoplasmic ATP consumption. Ketanserin is 
a serotonin receptor (5-HT2A/2C) antagonist that kills both amastigotes 
and promastigotes probably due to inhibition of 3-hydroxy-3-methylglutaryl 
coenzyme A reductase (HMGR). Mianserin belonging to the TCA group of 
drug, kills both promastigote and amastigote parasites also probably due 
to the inhibition of HMGR. The present review will give the summarized 
information about putting some old antidepressant drugs for the treatment 
of another disease like Leishmania. 
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Leishmaniasis and its Immunology

Leishmania parasites were independently described by William Leishman and Charles Donovan in 1903[16].

Leishmania shows a dimorphic life cycle of two stages: extracellular promastigote form and intracellular amastigote form. 
Parasites multiply in the gastric tract of the haemophagus vectors as extracellular promastigotes that are long, elongated 
and flagellated. Parasites are engulfed within the phagocytic vacuoles of macrophages in mammalian hosts as intracellular 
amastigotes where they multiply with spherical shape and internalized flagellum. Amastigotes survive to the innate immune 
stress conditions and then lyse macrophages followed by another phagocytosis by new macrophages[17,18]. They also can reside 
into the phagosomes of other phagocytic cells like dendritic cells and neutrophils[19]. Amastigotes are resistant to proteolysis and 
degradation in the phagosome. 

Leishmania must evade both innate and adaptive immune responses of the host in order to develop a successful parasitic 
relationship with it. The most potent immune opsonin C3b, part of component system, first binds to the special surface glycoproteinn 
gp63 of Leishmania and gets converted into iC3b[20]. This results in uptake of the amastigote parasites into the macrophage and 
favors phagocytic clearance rather than lytic clearance. Parasite faces oxidative bursts that include superoxides, hydroxyl radicals 
within the macrophage as the regulation of primary host defense[21]. Eventually, Leishmania resist the acidic enzyme attack 
through a proton pump present on its surface that retains the intra cellular pH close to neutral[22].

Leishmania infection usually shows anti-leishmanial antibodies in the sera of the infected patients. Antibodies are found 
in low concentration in CL[23] whereas strong titers are documented in VL[24,25]. In L. braziliensis infection, antibody titers are 
critically monitored for the purpose of diagnosis and disease prognosis[26-30]. Leishmania antigen specific immunoglobulin (Ig) 
isotopes, IgM, IgE, IgG and its subclasses are elevated during the disease[31-36]. Whether these high titers indicate host protection 
or pathogenesis, is still unclear. 

Immunity towards Leishmaniasis is predominantly mediated by T lymphocytes. T helper 1(Th1) and T helper 2 (Th2) cells 
are usually recognized by their cytokines secretion. Th1 cells secrete Interferon - gamma (IFN-γ) that activates the cell mediated 
immunity. Th2 cells secrete Interleukin -4 (IL-4) that promotes antibody responses. T-cell differentiation either to Th1 or Th2 is 
dependent on this cytokine priming during differentiation[37]. Th1 type of cell responses to the parasite infection are promoted by 
IL-12. Tumor Necrosis Factor - alpha (TNF-α) also promotes Th1 response like IL-12 but to a lesser extent. IL-12 thus activates the 
macrophages via IFN-γ secretion by the Th1 subsets. This in turn, promotes macrophages to produce nitrogen species for killing 
the parasites in both CL and VL[38,39].

On the other hand, Th2 cytokine IL-10 is the main macrophage-deactivating cytokine along with Treg cells in Leishmania 
major[40]. Abrogating the overall phagocytic activity of macrophages, IL-10 allows the persistent of skin lesions in CL by inhibiting 
IFN-γ production[41]. Likewise, Th2 cytokines IL-4 and IL-6 are elevated after infection to establish the disease progression. IL-6 level 
is more increased in case of drug resistant strains[42].

Classification of Antidepressant drugs

Classification of antidepressant drugs are based on their pharmacological action and/or structural configurations. 
Antidepressant drugs act as pre synaptic agents to target different neurotransmitter receptors, mainly serotonin receptors. 
Figure 1 shows broad classification of three fundamental types of antidepressant drugs; degradation inhibitors, storage inhibitors 
and reuptake inhibitors[43, 44]. The list of commonly prescribed antidepressant drugs are shown in the Table-1 of which four 
antidepressant drugs are showing encouraging results against Leishmaniasis[43-49]. These antidepressant drugs are Imipramine, 
Sertraline, Ketanserin and Mianserin. 

 

There are three major kinds of presynaptic agent’s acts as antidepressant drugs; degradation inhibitors, storage inhibitors and reuptake 
inhibitors. 

Figure 1. Major groups of antidepressant drugs.
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Name of Antidepressant drug groups Name of Antidepressant drugs

Selective Serotonin Reuptake Inhibitor (SSRI*) Citalopram, Paroxetine, Escitalopram, Fluoxetine, Fluvoxamine, 
Sertraline

Serotonin-nonepinephric reuptake inhibitor (SNRI*) Desvenlafaxine, Duloxetine, Levomilnacipran, Milnacipran, 
Venlafaxine

Serotonin antagonistic and reuptake inhibitor (SARI*) Etoperidone, Lubazodone, Nefazodone, Trazodone, 
Norepinephrine reuptake inhibitor (NRI*) Atomoxitine, Reboxetine, Viloxazine

Norpinephrine-dopamine reuptake inhibitor (NDRI*) Bupropion

TAAR1* agonist Amphetamine,Dextroamphetamine, Dextromethamphetamine, 
Lisdexamfitamine

Tricyclic antidepressant (TCA*)
Amitriptyline, Butriptynine, Clomipramine, Desipramine, Dosulepin, 

Doxepin, Imipramine,Iprindole, Lofepramine, Melitracen, 
Nortriptyline, Opipramol, Protrityline, Trimipramine

Tetracyclic antidepressant (TeCA*) Amoxapine, Maprotiline, Mianserin, Mirtazapine

Monoamine oxidase inhibitors (MAOI*) Irriverssible: Isocarboxazid, Phenelzine, Selegiline, Tranylcypromine
Reverssible: Moclobemide, Pirlindole

Noradrenergic and specific serotonergic antidepressant (NaSSA*) Mianserin, Mirtazapine
Serotonin Modulator and Stimulator (SMS*) Vilazodone, Vortioxetine

Serotonin antagonist* Clozapine, Ketanserin

Table 1. Major Groups of antidepressant drugs with examples of marketed compounds.

Knowledge about serotonin receptor classes is needed to understand the underlying mechanism of actions of these 
antidepressant drugs. There are seven general serotonin receptor classes that include a total of fourteen known receptors[43]. A 
brief account about serotonin receptors are shown in Figure 2[44]. They are categorized in the Table-2 along with their subtypes, 
mode of action, functions, distribution[45,46]. 

 
5-HT receptors: serotonin receptor family; 5-HT1-7: serotonin receptor subtypes; 5-HT1A-1D : 5-HT1 receptors subtypes; 5-HT2A-2C : 5-HT2 
receptor subtypes. 

Figure 2. Classification of serotonin receptors.

Table 2. Types of serotonin receptors, signaling pathway, distribution and functions.

Serotonin 
Receptors Subtypes Major  Signaling 

pathways Potential Major distributions 
and functions of the Serotonin Receptors

5-HT1

5-HT1A, 5-HT1B, 5-HT1D, 
5-ht1E, 
5-ht1F

cAMP↓ inhibitory Blood vessels, CNS

5-HT2 5-HT2A, 5-HT2B, 5-HT2C IP3↑ Excitatory Blood vessels, CNS, PNS,  Gastrointestinal tract, 
Platelets, smooth muscle

5-HT3 5-HT3A, 5-HT3B Ion Channel Excitatory Gastrointestinal tract, CNS (area postrema
related to vomiting), PNS

5-HT4 cAMP↑ Excitatory Gastrointestinal tract,CNS, PNS
5-HT5 5-HT5A, 5-HT5B cAMP? Inhibitory CNS
5-HT6 cAMP↑ Excitatory CNS (mainly throughout limbic system)

5-HT7 cAMP↑ Excitatory CNS (mainly throughout limbic system), blood 
vessels, gastrointestinal tract



8RRJZS| Volume 4 | Issue 1 | December-January, 2016

    e-ISSN:2321-6190
 p-ISSN:2347-2294

Legend:  
cAMP:  cyclic adenosine monophosphate 
IP3: Inositol phosphate 3
CNS: Central Nervous System
PNS: Peripheral Nervous System
5-HT1-7: 5-Hydroxy Tryptamine / Serotonin receptor subtypes

Monoamine oxidase inhibitors (MAO) are the enzyme responsible for serotonin, dopamine, norepinephrine inactivation that 
prevents excess neurotransmitters to diffuse from pre synaptic end to synaptic space[47-49]. These inhibitors actually interfere in 
storage of monoamines in vesicles at presynaptic terminals. However, reuptake inhibitor drugs block neurotransmitters reuptake 
(mainly serotonin but also nor epinephrine and dopamine) at pre synaptic ends in a concentration dependent manner. This results 
in accumulation of neurotransmitters in the synaptic cleft that enhances postsynaptic neural activity[47-49]. On the other hand, TCAs 
inhibit reuptake of 5-HT (5-hydrxytryptamine or serotonin) and nor epinephrine from synaptic cleft by blocking their transporters. 
Likewise, they help to enhance postsynaptic response[47-49].

Antileishmanial Activities of the Antidepressant Drugs:

Imipramine

Imipramine [N-(γ-dimethylaminopropyl)-iminodibenzyl HCL] is a TCA group of antidepressant drug and belongs to the broad 
class of cationic amphiphilic drugs. Imipramine is Food and Drug Administration (FDA) approved drug, generally used for treatment 
of depression and paediatric nocturnal enuresis[50]. It is also often used to treat chronic pain in combination therapy with other 
pain medications[50,51]. Mukherjee et al. [52] had chosen Imipramine for the therapy of experimental VL on the basis of the following 
previous observations: 

i) The proton motive force of membrane of Leishmania donovani (LD) gets altered by the drug[53].

ii) The enzyme trypanothione reductase is upregulated in SSG resistant LD and Imipramine can inhibit this enzyme[54].

iii) TNF α is an important cytokine for antileishmanial defense and Imipramine can act as effective immune modulator by 
inducing its production[55].

iv) Cationic property of Imipramine helps in the absorption by phagocytic cells and accumulation in phagolysosomes[56].

v) Desipramine being the metabolite of Imipramine also effective against LD promastigotes[57].

Mukherjee et al. [52] reported that imipramine induced 60% apoptosis of LD parasites in comparison to Miltefosine which 
causes only 5.5% apoptosis. The decrease in mitochondrial trans membrane potential of Sodium Stibogluconate sensitive (SSG-S) 
and resistant (SSG-R) LD promastigotes corroborates previous reports [58, 59]. LD infection is associated with increased membrane 
fluidity[60] which is restored after successive doses of Imipramine that improved antigen presentation ability. The workers further 
reported that the TNF-α, IFN-γ and iNOS activities were increased with concomitant decrease in IL-10 and Transforming Growth 
Factor-β (TGF-β) level in the Imipramine treated LD infected hamsters[52].

The mechanism of action of the drug Imipramine on Kala-azar patients infected with antimony-resistant Leishmania 
donovani [Sb(R) LD] has also been postulated[61]. The workers observed that Imipramine inhibits IL-10 production from Sb(R) LD-
infected macrophages [Sb(R)LD-Mφs] and helps to accumulate surrogate antimonials. IL-10 driven nuclear translocation of c-Fos/
c-Jun is inhibited which is critical for enhanced multidrug resistance protein (MDR-1) expression. Histone deacetylase 11 inhibits 
acetylation of IL-10 promoter[62]. Imipramine up regulates Histone deacetylase 11 that leads to decrease in IL-10 production from 
Sb(R)LD-Mφs. They observed that Histone deacetylase 11 does not interfere in IL-12 promoter activity but Imipramine induced 
decreased IL-10 level which in turn, allows optimal IL-12 production in Sb(R)LDMφs resulting in increased IL-12/IL-10 ratio. This 
skewing in Th1/Th2 ambience is crucial for halting disease progression.

Sertraline

Sertaline belongs to selective serotonin reuptake inhibitor (SSRI) class of antidepressant. It is widely used for treating major 
depressive disorder (MDD), obsessive compulsive disorder (ODD), body dysmorphic disorder (BDD), post-traumatic stress disorder 
(PTSD), premenstrual dystrophy disorder (PMDD), panic disorder and social anxiety disorder[63].

Sertraline shows encouraging antifungal activities[64], antimicrobial[65], spermicidal and antitrichomonas[66], anticancer 
activities[67]. It has also been observed that, Sertraline killed L.donovani promastigotes and amastigotes with IC50 value of 2.2 
mg/L and 2.3 mg/L respectively[68]. Sertraline was also effective in removing parasite loads from spleen (72%) and liver (70%) in 
LD infected BALB/c mice[68]. This drug induced decline in cytoplasmic ATP levels and oxygen consumption rate in promastigotes 
indicates that promastigotes were killed by apoptosis[68].

Ketanserin

Ketanserin is clinically used for the treatment of arterial hypertension and vasopastic disorders[69]. It lowers blood pressure in 
essential hypertension as well as inhibits platelet aggregation particularly effective in older patients[70]. Ketanserin is a 5-HT2A/2C 
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receptor antagonist with weak adrenergic receptor blocking properties [44,70-71]. Ketanserin shows some affinity for alpha-1 
receptors[71] which contributes to its antihypertensive effect. 

On the other hand, in receptor binding assays and autoradiography Ketanserin radioactively labeled with tritium (3H) is used 
as radio ligand for serotonin 5-HT2A receptor[72]. This radio labeling, in tern, assists in the study of the serotonin 5-HT2A receptor 
distribution in the brain[73].

Singh et al. (2014) observed that Ketanserin killed both promastigotes and amastigotes with an IC50 value of 37 μM 
and 28 μM respectively in a dose dependent manner[74]. They also reported that Ketanserin was found to inhibit L. donovani 
recombinant 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGR) enzyme activity i.e. the first rate limiting enzyme of the 
sterol biosynthetic pathway. HMGR-overexpreesing parasite model (promastigote transfected with an episomal pspα hygroα-
HMGR contruct) was used to study the effect which showed two fold resistance to Ketanserin. The lethal effect of Ketanserin to 
the parasite was due to inhibition of HMGR. Hence, Ketanserin might be a useful choice for Kala-Azar therapy.

Mianserin

Mianserin belongs to the TCA therapeutic family but classified as a noradrenergic and specific serotonergic antidepressant 
(NaSSA). This drug acts as antidepressant, anxiolytic, hypnotic, antiemetic, orexigenic and antihistaminic effects [69]. Mianserin 
has been tried against treatment-resistant depression[75] and schizophrenia successfully reducing negative and cognitive 
symptoms[76-78].

Dinesh et al.[79] observed that Mianserin killed both promastigotes and amastigotes with an IC50 value of 21 μM and 46 
μM respectively in a dose dependent manner. According to them, Mianserin inhibits the recombinant L. donovani HMGR enzyme 
at IC50 value of 19.8 μM with competitive inhibition kinetics. Ergosterol levels of promastigotes were depleted after Mianserin 
treatment which was reversed after Ergosterol supplementation though it was refractory to cholesterol supplementation.

CONCLUSION
Visceral Leishmaniasis (VL) or Indian Kala-azar is one of the neglected tropical diseases that show mortality worldwide. 

Current drugs are showing treatment failure due to unresponsiveness of the parasites for the prevailing drugs. The disease 
control strategy has become further complicated due to the complicated epidemiological picture i.e. involvement of other species 
(L. tropica)[80-82] or even other genus (Leptomonas)[83] with the disease. The drug suitable for L. donovani may not kill L. tropica 
or Leptomonas sp. HIV co infection also makes the picture further bleak[84-85]. Thus, present status of disease control strategy 
demands new promising drugs of cheaper prices which may combat both the responsive and unresponsive cases of VL. 

Current trend in chemo therapeutic drug discovery is aimed to search of some new purpose of putting an old drug for 
the treatment of another disease. Many drugs well used for other diseases, like Miltefosine for cancer and Amphotericin B for 
fungal infection, were successfully used against Leishmaniasis. Four antidepessant drugs showed some promise in controlling 
experimental Leishmaniasis. This could be extrapolated to higher rank of study involving clinical trials. Present antileishmanial 
drug search indicates a future evolution of promising antidepressant drug groups effective against Leishmania sp.

ACKNOWLEDGEMENTS
We are thankful to the DPI, Higher Education Dept. Govt. of West Bengal and the Principal, Barasat Govt. College, Kolkata, 

India.

REFERENCES
1.	 Paiva BR, et al. Detection and identification of Leishmania species in field-captured phlebotomine sandflies based on mini-

exon gene PCR. Acta Trop. 2006; 99:252-259. 

2.	 Croft SL and Coombs GH. Leishmaniasis-current chemotherapy and recent advances in the search for novel drugs. Trends 
Parasitol. 2003; 19:502-508.

3.	 Assimina Z, et al. Leishmaniasis: An overlooked public health concern. Health Sci J. 2008; 2:196-205.

4.	 Hide M, et al. Understanding Human Leishmaniasis: The need for an integrated approach in encyclopedia of infectious 
diseases book of microbiology. (ed by Michel T), John Wiley and Sons Inc, 2007; 87-107.

5.	 Banuls A, et al. Leishmania and the leishmaniases: A parasite genetic updates and advances in taxonomy, epidemiology 
and pathogenicity in humans. Adv Parasitol. 2007; 64:1-109.

6.	 Asford RW. The leishmaniases as model zoonoses. Ann Trop Med Parasitol. 1997; 91: 693-701.

7.	 Leishmaniasis: Epidemiology and access to medicines.

8.	 Redhu NS, et al. Leishmaniasis-HIV co-infection: an emerging problem in India, AIDS. 2006; 20:1213-1215.

9.	 Alvar J, et al. Leishmania and human immune-deficiency virus co infection: the first 10 years. Clin Microbiol Rev. 1997; 10: 298-319.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Paiva BR%5BAuthor%5D&cauthor=true&cauthor_uid=17055444
http://www.ncbi.nlm.nih.gov/pubmed/9105756


10RRJZS| Volume 4 | Issue 1 | December-January, 2016

    e-ISSN:2321-6190
 p-ISSN:2347-2294

10.	 Sundar S, et al. Failure of pentavalent antimony in visceral leishmaniasis in India: report from the center of the Indian 
epidemic. Clin Infect Dis. 2000; 31:1104-1107.

11.	 Sundar S. Drug resistance in Indian visceral leishmaiasis. Trop Med Int Health. 2001; 6: 849-854.

12.	 Pandey BD, et al. Short Report: Release of Visceral Leishmaniasis after Miltefosine Treatment in Nepalese Patient. Am J 
Trop Med Hyg. 2009; 80: 580-582.

13.	 Srivastava P, et al. Unusual case of resistance to amphotericin B in visceral leishmaniasis in a region in India where 
leishmaniasis is not endemic, J Clin Microbiol. 2011; 49: 3088-3091.

14.	 Monzote L. Current treatment of Leishmaniasis: A review. The open Antimicrob Agents J. 2009; 1: 9-19.

15.	 Costa CHN, et al. Vaccine for the Leishmaniases: Proposals for a research agenda. PLoS Negl Trop Dis. 2011; 5: e943.

16.	 Vannier-Santos MA, et al. Cell biology of Leishmania spp.: invading and evading. Curr Pharm Des. 2002; 8: 297-318.

17.	 Ritting MG and Bogdan C. Leishmania host-cell interaction: complexities and alternative views. Parasitol Today. 2000; 16: 
292-297.

18.	 Santos DO, et al. Leishmaniasis treatment-a challenge that remains: a review. Parasitol Res. 2008; 103: 1-10.

19.	 Sharma U and Singh S. Immunology of leishmaniasis. Review Article. Indian J Exp Biol. 2009; 47: 412-423.

20.	 Hermoso T, et al. Leishmanial protein kinases phosphorylate components of the complement system. EMBO J. 1991; 10: 
4061-4067.

21.	 Unanue ER and Allen PM. The basis for the immunoregulatory role of macrophages and other accessory cells. Science. 
1987; 236: 551-557.

22.	 Alexander J and Russel DG. The interaction of Leishmania species with macrophages. Adv Parasitol. 1992; 31: 175-254.

23.	 Behin R and Jacques L. Immune response to Leishmania. Crift Rev Trop Med. 1984; 2: 141-188.

24.	 Bray RS. Immunodiagnosis of leishmaniasis, in Immunology of parasite infections, edited by Cohen S, Sudan EH, Blackwell 
Scientific Publications (Oxford, United Kingdom). 1976; 65.

25.	 Neogy AB, et al. Antibody kinetics in Kala-azar in response to treatment. Ann Trop Med Parasitol. 1987; 81: 727-729.

26.	 Montoyo Y, et al. Recombinant antigens for specific and sensitive serodiagnosis of Latin American tegumentary leishmaniasis. 
Trans R Soc Trop Med Hyg. 1997; 91: 674-676.

27.	 Romero GA, et al. Antibody response in patients with cutaneous leishmaniasis infected by Leishmania (Viannia) braziliensis 
or Leishmania(Viannia) guyanensis in Brazil. Acta Trop. 2005; 93: 49-56.

28.	 Brito ME, et al. Identification of potentially diagnostic Leishmania braziliensisantigens in human cutaneous leishmaniasis 
by immunoblot analysis. Clin Diagn Lab Immunol. 2000; 7: 318-321.

29.	 Valli LC, et al. Humoral immune responses among mucosal and cutaneous leishmaniasis patients caused by Leishmania 
braziliensis. J Parasitol. 1999; 85: 1076-1083. 

30.	 Brito ME, et al. Dynamics of the antibody response in patients with therapeutic or spontaneous cure of American cutaneous 
leishmaniasis. Trans R Soc Trop Med Hyg. 2001; 95: 203-206.

31.	 Anam K, et al. Immunoglobulin subclasses distribution and diagnostic value of Leishmania donovani antigen specific 
immunoglobulin G3 in Indian Kala-azar patients. Clin Diagn Lab Immunol. 1999; 6: 231-215.

32.	 Ryan JR, et al. Enzyme-linked immunosorbent assay based on soluble promastigote antigen detects immunoglobulin M 
(IgM) and IgG antibodies in sera from cases of visceral and cutaneous leishmaniasis. J Clin Microbiol. 2002; 40: 1037-
1043.

33.	 Ghosh AK, et al. Immunoglobulin G subclass-specific antileishmanial antibody responses in Indian kala-azar and post-kala-
azar dermal leishmaniasis. Clin Diagn Lab Immunol. 1995; 2: 291-296.

34.	 da Matta VL, et al. Detection of specific antibody isotypes and subtypes before and after treatment of American visceral 
leishmaniasis. J Clin Lab Anal. 2000; 14: 5-12.

35.	 Atta AM, et al. Anti-leishmanial IgE antibodies: a marker of active disease in visceral leishmaniasis. Am J Trop Med Hyg. 
1998; 59: 426-430.

36.	 Atta AM, et al. Antileishmanial IgG and IgE antibodies recognize predominantly carbohydrate epitope of glycosylated 
antigens in visceral leishmaniasis. Mem Inst Oswaldo Cruz. 2004; 99: 525-530.

37.	 Scott P. Differentiation, regulation, and death of T helper cell subsets during infection with Leishmania major. Immunol 
Res. 1998; 17: 229-238.

38.	 Awasthi A, et al. Immune response to Leishmania infection. Indian J Med Res. 2004; 119: 875-885.



11RRJZS| Volume 4 | Issue 1 | December-January, 2016

    e-ISSN:2321-6190
 p-ISSN:2347-2294

39.	 Horta MF, et al. Reactive oxygen species and Nitric Oxide in cutaneouus leishmaniasis. J Parasitol Res. 2012; 2012 
(203818): 1- 11.

40.	 Belkaid Y, et al. Sacks DL. CD4+CD25+ regulatory T cells control Leishmania major persistence and immunity. Nature. 
2002; 420: 502- 507.

41.	 Belkaid Y, et al. The role of interleukin (IL)-10 in the persistence of Leishmania major in the skin after healing and the 
therapeutic potential of anti-IL-10 receptor antibody for sterile cure. J Exp Med. 2001; 194: 1497-1506.

42.	 Mougneau E, et al. Cell Biology and immunology of Leishmania. Immunol Rev. 2011; 240: 286-296. 

43.	 Malenka RC, et al. Ed, Molecular Neuropharmacology: A Foundation for Clinical Neuroscience (2nd ed.). New York: McGraw-
Hill Medical. 2009; 4.

44.	 Guzman F. Serotonin (5-HT): receptors, agonists and antagonists. Available: www.pharmacologycorner.com.

45.	 Glennon RA, et al. Serotonin Recptor Subtypes and Ligands. American College of Neurophyscopharmacology. Archived from 
the original on 21 April 2008. Retrieved 2008-04-11.

46.	 Upadhyay SN. Serotonin Receptors, Agonists and Antagonists. Indian J Nucl Med. 2003; 18: 1-11.

47.	 David E Golan. Principles of Pharmacology: The Pathophysiologic Basis of Drug Therapy. 2nd edition. LWW. 2008.

48.	 Harvey R and Champe P. Lippincott illustrated reviews: Pharmacology. 4th edition. LWW. 2009.

49.	 Yildiz A, et al. Mechanism of actions of antidepressants: beyond the receptors. Derlemeler/ Reviews. Bull Clin 
Psychopharmacol. 2002; 12: 194-200. 

50.	 Esperanca M and Gerrard JW. Nocturnal enuresis: comparison of the effect of imipramine and dietary restriction on bladder 
capacity. Can Med Assoc J. 1969; 101: 65-68. 

51.	 Peghini PL, et al. Imipramine decreases oesophageal pain perception in human male volunteers. Gut. 1998; 42: 807-813. 

52.	 Mukherjee S, et al. Imipramine is an orally active drug against both antimony sensitive and resistant Leishmania donovani 
clinical isolates in experimental infection. PLoS Negl Trop Dis. 2012; 6: e1987. 

53.	 Zilberstein D, et al. Trycyclic drugs reduce proton motive force in Leishmania donovani promastigotes. Biochem Pharmacol; 
1990; 39: 935-940. 

54.	 Benson TJ, et al. Rationally designed selective inhibitors of trypanothione reductase. Phenothiazines and related tricyclics 
as lead structure. Biochem J. 1992; 286: 9-11. 

55.	 Kubera M, et al. Stimulatory effect of antidepressants on the production of IL-6. Int Immunopharmacol, 2004; 4: 185-192.

56.	 Halliell WH. Cationic amphiphilic drug-induced phospholipidosis. Toxicol Pathol. 1997; 25: 53-60. 

57.	 Evans AT and Croft SL. Antileishmanial actions of tricyclic neuroleptics appear to lack structural specificity. Biochem 
Pharmacol. 1994; 48: 613-616. 

58.	 Gottlieb E, et al. Mitochondrial membrane potential regulates matrix configuration and cytochrome c release during 
apoptosis. Cell Death Differ. 2003; 10: 709-717. 

59.	 Ly JD, et al. The mitochondrial membrane potential (deltapsi(m)) in apoptosis; an update. Apoptosis. 2003; 8: 115-128. 

60.	 Chakraborty D, et al. Leishmania donovani affects antigen presentation of macrophage by disrupting lipid rafts. J Immunol. 
2005; 175: 3214-3224. 

61.	 Mukherjee S, et al. Imipramine exploits histone deacetylase 11 to increase the IL-12/IL-10 ratio in macrophages infected 
with antimony-resistant Leishmania donovani and clears organ parasites in experimental infection. J Immunol. 2014; 193: 
4083-4094. 

62.	 Villagra A, et al. The histone deacetylase HDAC11 regulates the expression of interleukin 10 and immune tolerance. Nat 
Immunol. 2009; 10: 92-100.

63.	  Compton SN, et al. Sertraline in children and adolescents with social anxiety disorder: an open trial. J Am Acad Child 
Adolesc Psychiatry. 2001; 40:564-571.

64.	 Lass-Flori C, et al. Antifungal properties of selective serotonin reuptake inhibitors against Aspergillus species invitro. J 
Antimicrob Chemother. 2001; 48: 775-779.

65.	 Munoz-Bellido JL, et al. Antimicrobial activity of psychotropic drugs: selective serotonin reuptake inhibitors. Int J Antimicrob 
Agents. 2000; 14: 177-180.

66.	 Kumar VS, et al. The spermicidal and antitrichomonas activities of SSRI antidepressants. Bioorg Med Chem Lett. 2006; 
16: 2509-2512.

67.	 Tuynder M, et al. Translationally controlled tumor protein is a target of tumor reversion. Proc Natl Acad Sci USA. 2004; 101: 
15364-15369.

http://www.pharmacologycorner.com
http://www.ncbi.nlm.nih.gov/pubmed/?term=Compton SN%5BAuthor%5D&cauthor=true&cauthor_uid=11349701
http://www.ncbi.nlm.nih.gov/pubmed/?term=SCOTT+N.+COMPTON%2C++PAUL+J.+GRANT%2C+ALLAN+K.+CHRISMAN%2C+PATRICIA+JENEY+GAMMON%2C+VICKI+L.+BROWN%2C++et+al.+Sertraline+in+Children+and+Adolescents+With+Social+Anxiety+Disorder%3A+An+Open+Trial
http://www.ncbi.nlm.nih.gov/pubmed/?term=SCOTT+N.+COMPTON%2C++PAUL+J.+GRANT%2C+ALLAN+K.+CHRISMAN%2C+PATRICIA+JENEY+GAMMON%2C+VICKI+L.+BROWN%2C++et+al.+Sertraline+in+Children+and+Adolescents+With+Social+Anxiety+Disorder%3A+An+Open+Trial


12RRJZS| Volume 4 | Issue 1 | December-January, 2016

    e-ISSN:2321-6190
 p-ISSN:2347-2294

68.	 Palit P and Ali N. Oral therapy with sertraline, a selective serotonin reuptake inhibitor, shows activity against Leishmania 
donovani. J Antimicrob Chemother. 2008; 61: 1120-1124.

69.	 Person B, et al. Clinical Pharmacokinetics of ketanserine. Clin Pharmacokinet. 1991; 20: 263-279.

70.	 National Institute of Health: National Library of Medicine, Medical Subject Headings. MeSH. MeSH Descriptor Data, 2006.

71.	 Bruton, LB, Lazo JS and Parker, KL (Eds) Goodman and Gilman’s the pharmacological basis of therapeutics. 11th edition. 
Newyork: McGraw-Hill, 2005.

72.	 Eickhoff SB, et al. Analysis of neurotransmitter receptor distribution patterns in the cerebral cortex. Neurolmage. 2007; 34: 
1317-1330. 

73.	 Pazos A, et al. Serotonin receptors in the Human Brain-IV. Autoradiographic mapping of serotonin-2 receptors. Neuroscience. 
1987; 21: 123-139. 

74.	 Singh S, et al. Ketanserine, an antidepressant, exerts its antileishmanial action via inhibition of 3-hydroxy-3-methylglutaryl 
coenzyme A reductase (HMGR) enzyme of Leishmania donovani. Parasitol Res. 2014; 113: 2161-2168.

75.	 Ferreri M, et al. Benefits from mianserin augmentation of Fluoxetine in patients with major depressive non-responders to 
fluoxetine alone. Acta Psychiatr Scand. 2001; 103: 66-72.

76.	 Poyurovsky M, et al. Effect of the 5-HT2 antagonist mianserin on cognitive dysfunction in chronic schizophrenia patients: 
an add-on, double-blind placebo-controlled study. Eur Neuropsychopharmacol. 2003; 13:123-128. 

77.	 Shiloh R, et al. Mianserin or placebo as adjuncts to typical antipsychotics in resistant schizophrenia. Int Clin Psychopharmacol. 
2002; 17: 59-64.

78.	 Mizuki Y, et al. Effects of mianserin on negative symptoms in schizophrenia. Int Clin Psychopharmacol. 1990; 5: 83-95.

79.	 Dinesh N, et al. Mianserin, an antidepressant kills Leishmania donovani by depleting ergosterol levels. Exp Parasitol. 2014; 
144: 84-90. 

80.	 Sacks DL, et al. Indian Kala-azar caused by Leishmania tropica. Lancet. 1995; 345(8955): 959–961.

81.	 Khanra S, et al. Characterization of the recent clinical isolates of Indian Kala- azar patients by RAPD-PCR method. J Parasit 
Dis. 2011; 35: 116–122.

82.	 Khanra S, et al. RFLPs of ITS, ITS1 and hsp70 amplicons and sequencing of ITS1 of recent clinical isolates of Kala-azar 
from India and Bangladesh confirms the association of L. tropica with the disease. Acta Trop. 2012; 124: 229-234.

83.	 Srivastava P, et al. Detection of Leptomonas sp. parasites in clinical isolates of Kala-azar patients from India. Infect Genet 
Evol. 2010; 10: 1145-1150.

84.	 Redhu NS, et al. Leishmania-HIV co-infection: an emerging problem in India. AIDS. 2006; 20: 1213-1215.

85.	 Alvar J, et al. Leishmania and human immune-deficiency virus coinfection: the first 10 years. Clin Microbiol Rev. 1997; 10: 
298-319.

http://www.ncbi.nlm.nih.gov/pubmed/?term=77.%09Shiloh+R%2C+Zemishlany+Z%2C+Aizenberg+D%2C+Valevski+A%2C+Bodinger+et+al+%282002%29+Mianserin+or+placebo+as+adjuncts+to+typical+antipsychotics+in+resistant+schizophrenia.+International+Clinical+Psychopharmacology+17%282%29%3A+59-64.
http://www.ncbi.nlm.nih.gov/pubmed/?term=77.%09Shiloh+R%2C+Zemishlany+Z%2C+Aizenberg+D%2C+Valevski+A%2C+Bodinger+et+al+%282002%29+Mianserin+or+placebo+as+adjuncts+to+typical+antipsychotics+in+resistant+schizophrenia.+International+Clinical+Psychopharmacology+17%282%29%3A+59-64.

