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ABSTRACT

The disease, Leishmaniasis is a forlorn, tropical, vector-borne disease caused by the kinetoplast protozoan, an obligate intracellular parasite of the
class Leishmania, which is transmitted by the nibble of female sandfly (Phlebotomus). Leishmaniasis is an incurable rare disease, since the organism
developed resistance towards the currently used drugs, including pentavalent antimonials, amphotericin B and miltefosine. The mechanisms
involved in drug resistance include reduced expression and mutations in AQP1, mutations in miltefosine transporters like, LMT and/or LRos3 and
increased expression of drug efflux transporters like, ABC transporters in the parasitic cells. Hence alternate therapeutics against leishmaniasis is
the need of the hour. Here we discuss the therapeutic potential of antidepressants as potential antileishmanial agents.
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INTRODUCTION

The disease, Leishmaniasis is a forlorn, tropical, vector-born disease
caused by the kinetoplastid protozoan, an obligate intracellular
parasite of the class Leishmania, which is transmitted by the nibble
of female sandfly (Phlebotomus) [1]. There are certain numbers of
unique types of sandflies that can transmit this parasite through
their chomps [2]. There are three main forms of the disease, namely
mucocutaneous leishmaniasis, visceral leishmaniasis or kala-azar
and cutaneous leishmaniasis. Leishmaniasis may be fatal if left
untreated and affects about half a million people worldwide,
primarily caused by L. chagasi, L. infantum and L. donovani [3-5]
(table 1).

Visceral leishmaniasis is endemic in the Indian subcontinent,
especially in Bihar, Assam, Nepal, Bangladesh and some parts of
West Bengal [6]. L. tropicaand L. major are responsible, [7] for
cutaneous leishmaniasis (CL). The sandfly injects the promastigote
stage of this protozoan parasite into the skin. The promastigotes are
phagocytosed by host macrophages or other types of mononuclear
phagocytic cells and transform into amastigotes. In the Leishmania
sp. parasitic cells, primarily four types of lipids, namely,
phospholipids, free fatty acids, triglycerides and sterols, are present.
These lipids are involved in the transformation process of
promastigote to amastigote in the L. donovani [8]. If the parasite
defeats the host innate immune response involving toll-like
receptor-mediated signalling and oxidative burst, then only it can
multiply in cells of various tissues and infect other cells. The sandfly
bites at the amastigote stage, which transform into promastigotes
and divide in the host macrophages and infect other mononuclear
phagocytic cells [9, 10]. Visceral leishmaniasis may cause
asymptomatic  infectionto life-threatening illness. Typical
manifestations of visceral leishmaniasis include weight loss, chronic
fever, and hepatosplenomegaly. Postkala-Azar dermal leishmaniasis,
involving skin irritation may persist even after effective treatment of
visceral leishmaniasis [11]. Studies have indicated that helper T1
lymphocytes secreting interferon-y, TNF-a are engaged in resistant
reactions against leishmaniasis. In addition, a few investigators
demonstrated that NK cells can decimate the parasites through
interferon-y at the time of infection [12, 13]. Treatment failure,
adverse side effects and resistance to the commonly used drugs like
antimonials, Liposomal amphotericin B (AmB), containing azole ring
[14] and miltefosine (MIL) remain a major obstacle for successful
chemotherapeutic eradication of the disease [15, 16]. As there are no
ideal drugs or reasonable therapeutic options for irradicating this
rare disease, it continues to be the cause of illness among individuals

in the affected area and remains an unresolved problem [17, 18].
Many drugs were used against leishmaniasis, but have become less
effective due to the development of resistance and cases of relapse.
Such resistance occurred due to improper dosing and altered thiol
metabolism (antimonials) [19]. Antimonials also showed serious
toxicity reports [19, 20]. Like antimonials, patients on meltefosin
also showed resistance and relapses [20-24]. In this review we will
discuss the therapeutic activity and mechanisms of action for
antidepressant drugs as anti-leishmanial [25]. Keywords used for
searching articles in google scholar and PubMed from 1980-2021
include leishmania, leishmaniasis, antidepressants in leishmaniasis,
drug resistance in leishmania, leishmaniasis therapy, tricyclics in
leishmania.

Drug resistance and leishmaniasis

Reduced expression of AQP1, the carrier involved in transporting
tetravalent antimony into the host cell, has been associated with
pentavalent antimonial (Sodium stibogluconate) resistance [26]. AQP1
mutation renders the gene inactivity, which is related to decreased
accumulation of antimony into the parasitic cells thus creating
resistance. MRPA/PRP1 ABC (ATP-binding cassette) transporter
overexpression involved in carrier-mediated transportation of various
molecules across biological membranes has also been shown to be
involved in resistance in antimonials by influencing the efflux of drugs
out of the parasitic cells [27, 28]. Increased expression of tryparedoxin
peroxidase, which increases the levels of intracellular thiols has also
been associated with resistance to antimonials.

After resistance to pentavalent antimonials, miltefosine has been the
first-line drug against visceral leishmaniasis. However, the parasite
has also been developing resistance against miltefosine, primarily
due to the mutation of miltefosine transporters like LMT and/or
LRos3 [29]. Increased levels of efflux transporters like, ABC
transporters ABCB4 (MDR1), ABCG4, and ABCG6 leading to
decreased intracellular drug accumulation in the parasitic cells also
contribute towards miltefosine resistance. Mutations of genes
encoding pyridoxal kinase and a-adaptin and other proteins
associated with membrane fluidity, oxidative stress, folate
metabolism may also contribute towards miltefosine resistance. The
parasite is also developing resistance against Amphotericin B, an
established antifungal used as anti-leishmanial, primarily by
alterations in parasitic cell membrane sterol content like
replacement of ergosterol with cholesterols. Further details on the
mechanism for parasitic resistance against anti-leishmanial has been
discussed by Ponte-Sucre and his colleagues [29] fig 1.


https://orcid.org/0000-0002-4402-3066
mailto:banerjeesugato1@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://innovareacademics.in/journals/index.php/ijpps
https://www.sciencedirect.com/topics/medicine-and-dentistry/subclinical-infection
https://www.sciencedirect.com/topics/medicine-and-dentistry/hepatosplenomegaly
https://www.sciencedirect.com/topics/medicine-and-dentistry/cutaneous-leishmaniasis

K. Mallick & S. Banerjee

Antidepressants against infectious disease

Depression is a major public health concern affecting all age groups,
especially the elderly. [30] Imipramine, clomipramine, lofepramine,
nortriptyline, amitriptyline, desipramine are examples of TCAs
(table 2) [31, 32] Tricyclic compounds are generally utilized in
the clinical setting, in the therapy of major depressive disorder since
it inhibits 5-hydroxytryptamine (serotonin) and norepinephrine
reuptake [33]. Tricyclic antidepressants (TCA) have been reported
to show anti-fibrotic activity. It reduces fibrogenesis in hepatic
stellate cells, [34, 35] and is efficient against fibrosis as well as non-
alcoholic steatohepatitis (NASH) [34-36].

Besides the above actions, imipramine is known to have
immunosuppressive properties by reducing incendiary cytokines
and promoting autophagy in tumour cells [37, 38]. Inflammation and
antidepressants have a complex relationship. Imipramine treatment
leads to a decrease in interleukin 6 but not in C-reactive protein and
tumour necrosis factor-alpha [39-41]. Antidepressants appear to
have a joint effect on the inflammatory response system (IRS), as
these drugs increase the expression of interleukin 10, suggesting
negative immune regulatory properties [42].

Antidepressants are also very effective against various infectious
diseases. Imipramine, a tricyclic anti-depressant is active against
Chikungunya virus (CHIKV). At a concentration of 100puM,
imipramine may prevent the replication of CHIKV [43].

FDA-approved antidepressants like trifluoperazine (TFP),
amoxapine (AXPN) (FDA-approved drugs) were found to be effective
against pneumonic plague. Furthermore, amoxapine (AXPN) is a
potential drug that can protect against respiratory infections like
Klebsiella pneumonia [44].

Antidepressants against leishmaniasis

A study of antileishmanial activity of imipramine has been
conducted using isolated liver parts from leishmania infected
animals to observe the status of granuloma formation in the liver of
diseased and imipramine treated animals [45]. It was observed that
Leishmania infected animals had less developed hepatic granuloma
with fewer numbers of lymphocytes, while imipramine treated
animal liver showed developed hepatic granuloma with more
lymphocytes [46-49]. Treatment of animals with mirtazapine which
is an atypical antidepressant activates macrophages in the liver. This
activation increases the ability of these cells to kill bacteria and, at
the same time, reduces the overall inflammation. This
reprogramming of the liver results in a prominent immune response
and subsequent elimination of pathogen, while limiting collateral
damage mediated by hepatic inflammation [50].

Imipramine has also shown potential anti-leishmanial activity
against L. donovani parasites sensitive and resistant towards
antimonials at a significantly lower dose with a short duration of the
treatment without any toxic side effects when encapsulated in
squalene-phosphatidylcholine [51]. The antidepressant imipramine
is an effective anti-leishmanial agent in the hamster model.
Imipramine can change the PMF (proton motive force) so that the
proton movement across the membrane of L. donovani is disturbed
[52]. As an immune modulator, the drug increases TNF-a, which has
strong inhibitory properties against the causative parasite [53].
Desipramine, the metabolite of imipramine, has been shown to have
antileishmanial property against L. donovani promastigotes [47, 54].
Additionally, imipramine is effective against antimony-safe
intracellular amastigotes without affecting the host cells [25]. A
structural study reported imipramine analogues also have potential
antileishmanial activity [55]. Tricyclic antidepressants have an
affinity towards phospholipids, thus altering cellular protein and
lipid levels of the parasite [47] (Fig 2 and Fig 3). Another intriguing
element of imipramine is its effect on the enzyme
methyltransferases which is responsible for the transfer of the
methyl group. Imipramine can repress the catechol-O-
methyltransferase (COMT) action and affect the methylation of
phospholipid in the lipid bilayer [55, 56] fig. 4. The biosynthesis of
sterol in the Leishmania parasite has the end goal that these
parasites produce ergosterol subsidiaries rather than cholesterol
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[57]. The C-24 methyltransferase is involved in the methylation for
the last few steps during the biosynthesis of sterol in the Leishmania
parasite. However, in mammalian cholesterol synthesis, these steps
are not present [58]. Tricyclic antidepressants cause cellular damage
or cell apoptosis of the Leishmania parasite by non-specific
mechanisms like increasing permeability of the cell membrane,
inhibiting the proline transport (fig. 2) and reducing ApH and
cellular ATP at relatively high concentrations [52]. Mianserin, an
antidepressant shows anti-leishmanial activity mainly in the case of
visceral leishmaniasis. The 50% inhibition of both the promastigote
and amastigote forms of the parasite has been reported upon
Mianserin treatment at the concentrations of 21 pM and 46 puM,
respectively. While it has also been reported that mianserin-treated
promastigotes have a 2.5-fold reduction in ergosterol as compared
to the untreated control parasites [59]. Docking and ADME studies
have also shown potential antileishmanial activity of various
imipramine analogues [60].

The antidepressant sertraline (SSRI) alters the bioenergetic
metabolism of the parasite (Leishmania infantum). This caused a
notable variation in the stages of redox reaction in the thiol group and
intracellular amino acids deficiency which are essential for the
metabolic functions of Leishmania. Sertraline can kill Leishmania
parasites in multiple ways that ultimately affect its vital metabolic
steps. In the case of visceral leishmaniasis, sertraline is a very
important drug [61]. Ketanserin, an antidepressant also has the same
inhibitory action as mianserin with a similar mechanism of action
against the promastigotes and amastigote forms of the parasite [62].

Quinolizidine-Derived lucanthone and amitriptyline analogues are
also found to be active against each species of flagellated protozoa L.
tropical and L. infantum promastigotes with IC50 values within the
low micromolar range, higher efficiency than miltefosine, with
considerably lower toxicity in Vero-76 cells. Recent studies have
recommended that the inhibition of trypanothione
reductase enzyme (TryR) may also lead to anti-leishmanial activity
[63]. Trypanothione reductase (TryR) plays a very important role in
redox reaction which converts trypanothione disulphide to its
reduced state (T [SH]2). This thiol, trypanothione (T[SH]2), gives
Leishmania parasites a unique oxidative defence mechanism that
helps their survival within the host macrophage [64]. Both
lucanthone and amitriptyline analogues are believed to inhibit the
trypanothione reductase enzyme [62].

Antidepressant and leishmaniasis: experimental evidence

Sodium stibogluconate sensitive and resistant strains were treated
with tricyclic antidepressants. IC50 and EC50 of imipramine were
found to be similar in both strains irrespective of Sodium
stibogluconate sensitivity [47, 65].

Reductions of mitochondrial transmembrane potential by
imipramine lead to the death of Leishmania parasites [66]. A
combination of imipramine [67] and miltefosine were utilized for
this purpose [68]. After 7-8 h of treatment with imipramine, it was
observed that the mitochondrial transmembrane potential
significantly reduced, in case of both the sodium stibogluconate
resistant and sodium stibogluconate sensitive strains. Miltefosine
alone was unable to alter mitochondrial transmembrane potential
after 7-8 h of treatment. After the 7-8 h of imipramine exposure to
the resistant strain, BHU 575, more than 50% parasitic cells were
dead, while miltefosine alone prompted less than 6% parasitic cell
death [69]. Thus, tricyclic antidepressant, imipramine was found to
be more potent and efficacious than miltefosine. Imipramine was
also found to be non-toxic to macrophages [47, 70].

The replication rate of Leishmania donovani within macrophage in
the presence of tricyclic antidepressants have been carried out to
determine the effects of the studied drugs against the Leishmania
parasite. The antidepressants suppressed parasitic replication even
in the absence of sodium stibogluconate [47, 71].

NO (Nitric oxide) and Reactive Oxygen Species (ROS) are two
significant leishmanicidal agents. Seven to eight hours after the
treatment of infected macrophages with a tricyclic antidepressant,
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ROS levels were reported to increase, while maximum NO generation
was observed after 20 h of exposure with the compound [47, 72].

Leishmanicidal action of sertraline

The promastigotes of Leishmania infantum has also been found
to be affected by the antidepressant sertraline. The IC50 and
IC90 values of sertraline for promastigotes of Leishmania
infantum are reported to be in the range of 1.3-2.7uM and 6.6-
10.2uM, respectively. However, in the case of the amastigotes
the IC50 and the IC90 values were within the range of 3.6 pM-4.2
uM and 7.8 pM-8 uM, respectively. Sertraline was also nontoxic
toward experimental murine macrophages upto 80uM
concentration [61].

Sertraline prompted the destruction of the plasma membrane of
promastigotes of Leishmania infantum: It interrupted the bioenergetics
of Leishmania species by altering the permeability of the plasma
membrane of the parasite while also blocking the cell cycle and
intracellular ATP levels of Leishmania [61, 73]. Sertraline altered the
mitochondrial functions of promastigotes of Leishmania infantum. The
reduced ATP level by sertraline reduced the cell membrane
permeability and mitochondrial oxidative phosphorylation of the
parasite. Flow cytometric analysis showed that sertraline reduced
mitochondrial electrochemical potential to reduce ATP level and
inhibited the build-up of rhodamine-123 in Leishmania infantum
promastigotes. Sertraline not only altered the functions of the
promastigotes but also changed their mitochondrion morphology.
Similar results were also observed for the amastigote stage of the
parasite [61, 74]. Sertraline also interrupted the metabolism of the
parasitic promastigotes by altering the lipid bilayer [61, 75].
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To study the role of anti-depressants on leishmania mediated
altered immunity, rodents were infected with wild-type and
resistant L. donovani parasites and their immune status were
determined. For this experiment splenic tissue consisting of Band T
lymphocytes were isolated from the experimental animals. After
isolation, the splenic tissue was treated with soluble Leishmanial
antigen which was prepared from the L. donovani promastigotes or
by Con A (nonspecific mitogen) [76]. Immune reactions were not
observed for diseased animals with and without imipramine
treatment [47, 76]. Diseased and antidepressant drug (imipramine)
treated rodent animals were used to measure inducible nitric oxide
synthase and cytokine gene expression. The study showed that
antidepressants (imipramine) increased interferon-y, tissue necrosis
factor-a and inducible nitric oxide synthase while decreasing
interleukin-10 and tissue growth factor-f levels suggesting its
immunomodulatory actions [47]. Diseased and drug (imipramine)
treated animals were also tested for granuloma formation. Leishmania
donovani infected rodents were found to have less developed immune
cells or granuloma and fewer T and B lymphocytes, whereas the drug-
treated rodent animals showed enough developed immune cells or
granulomas and lymphocytes [45-49].

CONCLUSION

The discussed literature on role of antidepressants on
leishmaniasis shows some promising observations on how
antidepressants like imipramine and sertraline may be effective
against both wild-type and drug-resistant leishmanial parasites.
However, the area warrants further research to clearly understand
the mechanisms of action of the given drug in vivo and in the
infected individuals.
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death due to less energy production by the parasitic cells to survive inside the host cell [47]
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cytosol of the Leishmania parasites so that less energy will be produced for survival of the promastigote form of the parasites [52]
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Fig. 4: Proposed mechanisms of action tricyclics against leishmaniasis

Tricyclic antidepressants (imipramine or its analogues) cause
early apoptosis of Leishmania promastigotes and amastigotes.
Imipramine or its derivatives inhibit the protein transport,
ultimately leading to apoptosis [52]. They also cause lipid-protein
disruption causing changes in the lipid-protein ratio, which leads

to cell death due to less energy production by the parasitic cells to
survive into the host cell [47]. These antidepressants also have an
inhibitory action on parasitic DNA methyltransferase and catechol-
o-methyl transferase (COMT), causing altered parasitic cellular
metabolism.

Table 1: Causative agents of leishmaniasis

Species Clinical diseases Source
Leishmania aethiopica Localised cutaneous leishmaniasis, diffuse cutaneous leishmaniasis [77,78]
Leishmania amazonensis Localised cutaneous leishmaniasis, diffuse cutaneous leishmaniasis, mucocutaneous leishmaniasis [78,79]
Leishmania donovani Visceral leishmaniasis [77,79]
Leishmania infantum Cutaneous leishmaniasis, visceral leishmaniasis [77,78]
Leishmania major Cutaneous leishmaniasis [77,79]
Leishmania mexicana Localised cutaneous leishmaniasis, diffuse cutaneous leishmaniasis [78,79]
Leishmania braziliensis Localised cutaneous leishmaniasis, mucocutaneous leishmaniasis [77,78]
Leishmania lainsoni Localised cutaneous leishmaniasis [77,78]
Leishmania shawi Localised cutaneous leishmaniasis [78,79]
Leishmania martiniquensis Visceral leishmaniasis, localised cutaneous leishmaniasis [77,79]
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Table 2: Classical antidepressants

Antidepressant class Name of drugs Source
Selective Serotonin Reuptake Inhibitors (SSRIs) Setraline, Citalopram, Fluoxitine [18]
Serotonin and Norepinephrine Reuptake Inhibitirs (SNRIs) Duloxetine [18]
Serotonin Receptor Antagonists Mirtazapine [18]

Tricyclic Antidepressants (TCAs) Imipramine, Trimipramine, Amitriptyline, Desipramine [18]
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