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Abstract Leishmaniasis is one of the major health problems
existing globally. The current chemotherapy for leishmaniasis
presents several drawbacks like toxicity and increased resis-
tance to existing drugs, and hence, there is a necessity to look
out for the novel drug targets and new chemical entities.
Current trend in drug discovery arena is the “repurposing”
of old drugs for the treatment of diseases. In the present study,
an antidepressant, ketanserin, was found lethal to both
Leishmania donovani promastigotes and intracellular
amastigotes with no apparent toxicity to the cells. Ketanserin
killed promastigotes and amastigotes with an ICs, value of
37 uM and 28 puM respectively, in a dose-dependent manner.
Ketanserin was found to inhibit L. donovani recombinant 3-
hydroxy-3-methylglutaryl coenzyme A reductase (HMGR)
enzyme with an ICsq value of 43 uM. Ketanserin treated
promastigotes were exogenously supplemented with sterols
like ergosterol and cholesterol to rescue cell death. Ergosterol
could recover the inhibition partially, whereas cholesterol
supplementation completely failed to rescue the inhibited
parasites. Further, HMGR-overexpressing parasites were gen-
erated by transfecting Leishmania promastigotes with an epi-
somal pspoa hygrod-HMGR construct. Wild-type and
HMGR overexpressors of L. donovani were used to study
the effect and mode of action of this inhibitor. The HMGR
overexpressors showed twofold resistance to ketanserin.
These observations suggest that the lethal effect of
ketanserin is due to inhibition of HMGR, the rate-limiting
enzyme of the ergosterol biosynthetic pathway. Since
targeting of the sterol biosynthetic pathway enzymes may
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be useful therapeutically, the present study may have impli-
cations in treatment of leishmaniasis.
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Introduction

Leishmaniasis is an infectious disease caused by the protozoan
parasite of the genus Leishmania which manifests itself in
several forms. All forms of the disease are transmitted to the
human host by the bite of female sand fly of the genus
Phlebotomus in the Old World and Lutzomyia in the New
World. It is estimated that about half a million people die
annually with visceral leishmaniasis and approximately 350
million people are at risk. The currently available drugs in the
market have several limitations for the treatment of leishman-
iasis due to toxicity, intravenous administration and the grow-
ing problem of drug resistance (Berman 2003). Pentavalent
antimonial or SSG is no longer recommended for use as high
levels of resistance in the Indian subcontinent has been
reported (Sundar 2001). Other drugs like miltefosine and
amphotericin B are in clinical use. Unfortunately, treatment
failure cases to miltefosine (Pandey et al. 2009) and
amphotericin B are emerging which raises serious concerns
for their future use. Moreover, till now there is no vaccine
available for treating leishmaniasis. Thus, the use of currently
approved antimicrobials for use in leishmaniasis, develop-
ment of new chemotherapeutic agents and identification of
new drug targets are mandatory for the control of the disease.

3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase is an enzyme involved in the conversion of HMG-
CoA to mevalonate, a precursor of cholesterol in humans, and
ergosterol in plants, fungi and protozoa (Henriksen et al. 2006;
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Macreadie et al. 2006). Ergosterol is reported to be essential
for growth and replication of Leishmania and fungi (Kulkarni
et al. 2013). HMG-CoA reductase, the first rate-limiting en-
zyme of the sterol biosynthetic pathway is a potential
drug target in several organisms. Statins interfere se-
verely with the growth of protozoan parasites of the
family Trypanosomatidae, such as Trypanosoma cruzi
(Kessler et al. 2013), and various Leishmania species
like Leishmania major, Leishmania mexicana (Ginger
et al. 2001; Montalvetti et al. 2000), Leishmania
donovani (Dinesh et al. 2014) and other parasites like
Schistosoma mansoni (Chen et al. 1990), Plasmodium
falciparum (Parquet et al. 2010) and Toxoplasma gondi
(Cortez et al. 2009) by inhibiting HMGR. Recently,
non-statin class of compound like resveratrol was also
found to be effective against L. donovani (Dinesh et al.
2014).

Tricyclic drugs, antidepressants and antipsychotics are re-
ported to be toxic to both promastigote and amastigote form of
Leishmania (Zilberstein and Dwyer 1984). Tricyclic drugs
exert its antileishmanial action by reducing proton motive
force in L. donovani promastigotes, and antidepressants were
reported to exert its effect by altering membrane function in
Leishmania (Zilberstein et al. 1990). Recently, imipramine, a
tricyclic antidepressant belonging to the class of cationic
amphiphilic drugs, when administered orally was found to
be active against both antimony-sensitive and antimony-
resistant clinical isolates of L. donovani (Mukherjee et al.
2012). The drug acts by altering the proton motive force
of parasite membrane, inhibiting trypanothione reductase
and inducing the production of TNF-« for antileishmanial
defence (Benson et al. 1992; Kubera et al. 2004; Zilberstein
et al. 1990).

Ketanserin tartrate (herein after referred to as ketanserin) is
a serotonin S2-receptor antagonist which is used as an anti-
hypertensive agent and is also reported to inhibit HMG-CoA
reductase (Suzukawa and Nakamura 1990a). It increases the
release of pro-inflammatory cytokines in human bronchial
epithelial cells and alveolar epithelial cells to possess anti-
inflammatory properties in vivo (Lau et al. 2012). Serotonin
increases the uptake of oxidized low-density lipoprotein
(LDL) into macrophages which causes suppression of the
immune system. Ketanserin, a serotonin antagonist, blocks
the stimulatory effect of serotonin on oxidized LDL uptake
(Aviram et al. 1992). It was recently proposed that the com-
bination of ketanserin and propranolol could be a promising
therapy for relieving inflammatory pain with minimal side
effects (Wang et al. 2013). The antioxidant, anti-
inflammatory and HMG-CoA reductase inhibitory properties
of ketanserin suggested us to evaluate its efficacy in
L. donovani.

In the present study, for the first time, the inhibitory effect
of ketanserin on the in vitro viability of Leishmania
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promastigotes and amastigotes and its possible mode of action
was investigated.

Materials and methods
Materials

Ketanserin tartrate 3-(2-[4-(4-Fluorobenzoyl)-1-piperidinyl]
ethyl)-2,4(1H,3H)-quinazolinedione was purchased from
Sigma (St. Louis, MO, USA). Ketanserin was prepared in
20 % ethanol, and the drug stocks were stored at —20 °C.
pspx hygrox shuttle vector was a kind gift from Prof. R.
Madhubala, School of Life Sciences, JNU, New Delhi,
India. Polyclonal anti-rat HMGR antibody was a kind gift
from Dr. Peter Edwards, UCLA Laboratory (Los Angeles,
CA) (Garcia-Pelayo et al. 2004).

Parasite and cell culture

L. donovani wild-type (WT, MHOM/80/IN/Dd8)
promastigotes were cultured at 24 °C in Rosewell Park
Memorial Institute (RPMI)-1640 HEPES modified medium
(Gibco/BRL, Life Technologies Scotland, UK) supplemented
with 0.2 % sodium bicarbonate, 100 pg/mL penicillin,
100 pg/mL streptomycin, 100 pg/mL gentamycin and 10 %
heat-inactivated foetal bovine serum (HI FBS) (Biological
Industries). The medium was maintained at pH 7.2. THP-1
monocyte cell line was grown in RPMI-1640 medium con-
taining 10 % HI FBS in a humidified atmosphere with 5 %
CO, at 37 °C.

Effect of ketanserin on L. donovani promastigotes

Logarithmic phase of L. donovani promastigotes were seeded
in 96-well microtitre plates at a density of 2x 10> parasites/
200 uL/well. After 48 h of incubation, cells were treated with
different concentrations of drug (10-100 uM) and were fur-
ther kept for incubation at 24 °C for 48 h. The viability of
parasites was assayed colorimetrically by MTT assay
(Mosmann 1983).

Cytotoxicity effect of ketanserin

THP-1 monocyte cells were seeded at a density of 2x 10° per
well in a 96-well plate and incubated with 20 ng/mL of
phorbol myristate acetate (PMA, Sigma). After 48 h of incu-
bation, the unadhered cells were removed by washing with
serum-free RPMI medium. Various concentrations of
ketanserin were added (10, 20, 50 and 100 uM) to cells at
37 °C in a humidified atmosphere of 5 % CO, for 48 h. MTT
was added to each well and incubated for 4 h at 37 °C. The
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cells were centrifuged at 3,000g for 10 min and the superna-
tant was removed. The resultant purple formazan formed was
dissolved in 100 uL. DMSO and absorbance was read at
540 nm on a Tecan microplate reader.

In vitro screening against intracellular L. donovani
amastigotes

Antileishmanial screening against intracellular L. donovani
amastigotes in differentiated THP-1 monocytes was per-
formed involving transformation and parasite rescue (Jain
et al. 2012). THP-1 monocytes (2% 10°/well) were seeded on
96-well plate, and PMA (20 ng/mL) was added to differentiate
THP-1 monocyte cells into macrophages. The cells were
incubated at 37 °C with 5 % CO, for 48 h for complete
differentiation of the cells.

The differentiated cells were washed once with serum-free
RPMI-1640 medium and were infected with L. donovani
promastigotes in 1:10 ratio. The infected cells were washed
with serum-free RPMI-1640 medium for complete removal of
non-internalized promastigotes, and then, 200 puL of complete
RPMI-1640 medium with 10 % FBS was added with different
dilutions of ketanserin. Controlled lysis was performed by
treating the cells with 20 pL 0f 0.05 % sodium dodecyl sulfate
(SDS) (detergent) in RPMI-1640 medium for 30 s with shak-
ing followed by addition of 180 puL of complete RPMI-1640
medium with 10 % FBS. The 96-well plate was incubated at
24 °C for 48 h for transformation of rescued amastigotes into
promastigotes. After the 48 h incubation, MTT was performed
as described earlier. The I1Cs values of the treated leishmanial
cells were calculated relative to the untreated control cells, and
the results were expressed as the concentration of the com-
pound inhibiting 50 % of the parasite growth. Miltefosine was
used as the standard antileishmanial drug for data analysis.

Effect of ketanserin on recombinant LdLHMGR

In order to express recombinant LdHMGR, Escherichia coli
BL21(DE3) cells were transformed with pET30a-LdHMGR
construct. Recombinant LZHMGR was then purified by nickel
affinity chromatography to homogeneity as reported previous-
ly (Dinesh et al. 2014). In order to evaluate the effect of
ketanserin on recombinant LHMGR enzyme activity, puri-
fied enzyme was assayed in the presence of different concen-
trations of ketanserin. HMGR activity was based on the spec-
trophotometric measurement of the decrease in absorbance at
340 nm. The HMG-CoA-dependent oxidation of NADPH
was monitored at 340 nm. Briefly, the reaction mixture
contained 50 mM KH,PO,, 50 mM KCI, 5 mM DTT, 1 mM
EDTA, 0.27 mM NADPH, 0.27 mM HMG-CoA and enzyme
in a final volume of 200 uL at pH 7.2 (Hurtado-Guerrrero
et al. 2002). Reactions were read for 300 s at 37 °C. One unit

(U) of HMGR was defined as the amount of enzyme that
catalyses the oxidation of 1 pmol of NADPH per min.

Rescue of L. donovani growth inhibition with sterols

To evaluate whether the inhibition of Leishmania growth is
due to depletion of ergosterol levels, the drug-treated cells
were exogenously supplemented with a range of ergosterol
(50, 100 and 200 mmol/L) and cholesterol (50, 100 and
200 mmol/L) concentrations. The viability of the parasites
upon rescue by ergosterol and cholesterol were analysed by
MTT assay.

DNA constructs and transfection

The LAHMGR gene was cloned in pspx hygroo shuttle
vector. LAHMGR gene was amplified by PCR using
pET30a-LdHMGR as the template and forward sense primer
5'-TGCTCTAGAATGCGTCGCTCTCTGCTGCT-3' flanked
by Xbal restriction site and reverse primer 5-CCCAAGC
TTTTACTGAGTCGGAGGCTTGCG-3' flanked by HindIll
restriction site. The PCR product and vector were double-
digested with Xbal and Hindlll restriction enzymes and ligat-
ed. The ligation product was then transformed into E. coli
DHS5« cells, and colonies were screened by colony PCR. The
positive clones with pspa hygroa-LdHMGR were checked by
double digestion using Xbal and HindlIIl enzymes and further
given for automated sequencing for confirmation of clones.
Approximately, 10 pg of positive clone was transfected into
4x107 exponential-grown Leishmania promastigotes. The
transfectants with hygromycin-resistance gene were selected
after 14-20 days of transfection (Papadopoulou et al. 1992).

Protein immunoblotting

Protein samples were resolved on 10 % SDS-PAGE and trans-
ferred onto nitrocellulose membrane using electrophoresis
transfer cell (Biorad). Anti-rat HMGR polyclonal antibody
was used in 1:500 dilutions followed by anti-rabbit IgG conju-
gated with alkaline phosphatase as secondary antibody (Sigma,
1:10,000). The respective protein bands were visualized by
incubating with nitro blue tetrazolium (NBT) and 5-bromo-4-
chloro3-indolyl phosphate disodium salt (BCIP) as substrates.

Results

Effect of ketanserin on the growth of L. donovani
promastigotes, amastigotes and macrophages

The structure of ketanserin is shown in Fig. 1. Different

concentrations of ketanserin were added to L. donovani
promastigotes which resulted in the retardation of parasite
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Fig. 1 The molecular structure of ketanserin

growth in a dose-dependent manner. The ICso value for
promastigote was 36 uM after 48 h of incubation period.
Ketanserin resulted in ~80 % inhibition of parasite growth at
100 uM concentration (Fig. 2a). Miltefosine was taken as the
reference drug, and its ICsq value was 14.6 uM which corre-
lated with the previously published results (Table 1) (Corral
et al. 2014). To further evaluate its effect on amastigotes, its
sensitivity was checked in an amastigote-macrophage model
where ketanserin was found to kill the amastigotes in a dose-
dependent manner exhibiting an ICsy value of 28 uM and
80 % inhibition at 100 uM (Fig. 2b). The amastigotes were
~1.3-fold more sensitive to ketanserin than promastigotes.
Miltefosine inhibited amastigote growth with an ICs, value
of 3.4 uM which correlated with the previously reported data
(Table 1) (Corral et al. 2014). Cytotoxicity of ketanserin was
evaluated on THP-1 cells which were differentiated by treat-
ment with 20 ng/mL of PMA for 48 h followed by exposure to
various concentrations (10, 20, 50 and 100 uM) of drugs.
Concentrations as high as 100 uM of ketanserin failed to
cause any inhibition even after 48 h of drug addition.
However, the standard drug killed the macrophage cells at
an ICsq value of 43 uM. This data coincides with the already
published results on the effect of miltefosine on THP-1 and
J774A.1 cell line (Calogeropoulou et al. 2008; Dube et al.

These results showed that ketanserin displayed
antileishmanial activity at noncytotoxic concentrations. The
ICsq values of ketanserin and miltefosine as positive control
are demonstrated in Table 1.

Effect of ketanserin on recombinant LZHMGR enzyme

LdAHMGR enzyme was expressed and purified previously in
our laboratory (Dinesh et al. 2014). We evaluated the effect of
ketanserin on recombinant LZHMGR and found that 10 uM
of ketanserin caused 20 % reduction in HMGR activity,
whereas 100 uM could cause ~90 % reduction in HMGR
enzyme activity. Its ICs, value was found to be 43+2.5 uM
(Fig. 3). This data showed that ketanserin binds to the
LdAHMGR enzyme active site and inhibits its activity.

Rescue of ketanserin-mediated growth inhibition by sterols

To evaluate whether the antiproliferative effect of ketanserin
was due to depletion of sterols, the drug-treated cells were
exogenously supplemented with ergosterol and cholesterol. It
was observed that while 200 mmol/L of ergosterol concentra-
tion could reverse the growth partially, the addition of choles-
terol failed to overcome the inhibitory effect (Fig. 4). This
shows that although HMGR is one of the targets for
ketanserin, it may have other modes of action also. The
present result where ketanserin-treated promastigotes were
refractory to cholesterol supplementation coincides with our
previous reports where cholesterol failed to rescue statin-
induced Leishmania cell death (Dinesh et al. 2014).

Characterization of L. donovani transfectants overexpressing
HMGR

Transgenic strains of L. donovani Dd8 promastigotes were

2007). created after transfection with episomal HMGR construct as
Fig. 2 The effect of ketanserin on a b
L. donovani promastigotes (a) 3 0
and amastigotes (b). Data are ‘6' 100 100
expressed as mean+standard ) g)
deviations from three different b =
experi b8 b 0
periments ® 2
; E
g 60 v 60
N
8 -
g ¥ :
2 ;
2N 5 2
; ‘” ]
L
$ T, T, L IO B P S S D
0 10 i 50 100 0 10 50 100 200

Ketanserin concentration (uM)

@ Springer

Ketanserin concentration (uM)



Parasitol Res (2014) 113:2161-2168

2165

Table 1 Effect of ketanserin on promastigotes and amastigotes of wild-
type (WT) L. donovani and THP-1 macrophage cell line. The results are
mean=standard deviation of three independent experiments

Inhibitors 1Cs values (uM)
L. donovani L. donovani THP-1-
promastigotes amastigotes differentiated
macrophages
Ketanserin 37.8+33 28.5+1.9 >100
Miltefosine 14.6+1.7 3.4+0.9 43.6+5.5

discussed in the “Materials and methods”. The confirmation
of overexpression was done by Western blot and estimation of
HMGR enzyme activity. The crude cell lysate of wild-type
and LdAHMGR overexpressors were isolated as explained in
the methods. When the lysate was tested for HMGR activity,
overexpressors exhibited marked increase (~1.75 fold) in the
activity compared to the lysate of the wild-type promastigotes
(Fig. 5a). This correlated well with the Western blot result
where it showed twofold increased expression of HMGR
enzyme in the overexpressing cell line. The 45 kDa band in
the blot corresponds to LZHMGR (Fig. 5b, c). Both the
activity and Western blot results confirm the overexpression
of HMGR enzyme in L. donovani overexpressors.

Next, the effect of ketanserin was evaluated on HMGR
overexpressors taking wild type as control and found that the
overexpressors exhibited twofold resistance to ketanserin. The
ICsq of ketanserin in HMGR overexpressing strain was 75.1+
4.8 uM which was twofold higher than that found in wild-type
promastigotes (Fig. 6). These results indicate that HMGR
overexpression confers resistance to ketanserin, suggesting
that the toxicity of ketanserin could be mediated primarily
via sterol biosynthetic pathway HMGR enzyme.

60
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T T T T 1
+

rLdHMGR  + + + +
Ketanserin (uM) 0 10 20 50 100

Fig. 3 The effect of ketanserin on recombinant LdHMGR enzyme ac-
tivity. Data are expressed as mean+standard deviations from three differ-
ent experiments

—

o

o
1

HMG CoA reductase activity
(% of control)

Discussion

Leishmaniasis treatment is based on parenteral administration
of highly toxic drugs including pentavalent antimonials,
amphotericin B in its liposomal formulation and pentamidine
(Baiocco et al. 2009; Croft et al. 2006; Murray et al. 2005;
Palumbo 2009). Usage of miltefosine, an oral drug has be-
come limited by its extremely long half-life and low therapeu-
tic index. In view of these facts, there is an urgent need for the
development of antileishmanial agents with enhanced efficacy
and no cytotoxicity.

Sterol biosynthetic pathway enzymes are promising antifun-
gal and antiprotozoan drug targets, and HMGR is one of them
(Wanderley and Rodrigues 2009). Statins are specific inhibitors
of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) re-
ductase enzyme and is a blockbuster for the major pharmaceu-
tical companies for control of cardiovascular diseases (Barrios-
Gonzalez and Miranda 2010). Statins like atorvastatin was
earlier reported to be an efficient inhibitor of L. donovani
HMGR enzyme by altering the levels of ergosterol, the main
membrane sterol (Dinesh et al. 2014). Non-statin class of
compounds has also been evaluated for its efficacy as potent
inhibitor of HMGR enzyme (Rozman and Monostory 2010). In
the present study, we have evaluated the antileishmanial poten-
tial of ketanserin, an antidepressant. Ketanserin is a potent
serotonin (5-hydroxytryptamine [5-HT2]) receptor antagonist
with moderate affinity for histamine H1, « 1-adrenergic and (5-
HTlc) receptors (Wenting et al. 1984). Ketanserin induces
upregulation of LDL receptor activity by direct suppression of
HMG-CoA reductase in human skin fibroblasts, and this may
be one mechanism by which plasma LDL cholesterol is re-
duced by ketanserin (Suzukawa and Nakamura 1990b).
General dosage of ketanserin is 2040 mg per day to reduce
the hypertension (Woittiez et al. 1986).
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Fig. 4 Reversal of ketanserin-mediated growth inhibition by exogenous
supplementation of sterols. The reversal was carried out using 50, 100 and
200 mmol/L each of ergosterol and cholesterol. Data is expressed as
mean+standard deviations from three independent experiments
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Fig. 5 Confirmation of
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Several antidepressants have been earlier investigated for
its antileishmanial potential. Sertraline, an antidepressant,
killed L. donovani promastigotes and intracellular amastigotes
at ICsq values of 2.2 and 2.3 mg/L, respectively. The drug was
also effective in eliminating splenic (72 %) and liver (70 %)
parasite loads in infected BALB/c mice through oral therapy
(Palit and Ali 2008). Tricyclic antidepressants like
amitryptyline and chlorprothixene are efficient in causing cell
death of Leishmania parasites by decreasing proline transport
with an ICsq value of 5 uM (Zilberstein et al. 1990).
Imipramine, clomipramine and desipramine, tricyclic neuro-
leptics, have significant inhibitory effects on the growth of
protozoan parasites like Crithidia luciliae and Trichomonas
vaginalis (Hegenscheid and Presber 1990).

This work deals with ketanserin, a registered pharmaceuti-
cal drug to treat hypertension. We, for the first time, report the
effect and mode of action of ketanserin on L. donovani.
Ketanserin inhibited the growth of both extracellular
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Fig. 6 Comparison of the effect of ketanserin on growth of wild type and
overexpressors of LZHMGR. Data is expressed as mean+standard devi-
ations from three independent experiments
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promastigote and intracellular amastigote form of the parasite,
whereas the macrophage cell line THP-1 was found to be
refractory to ketanserin even till 100 uM concentration. The
fact that it is parasite selective, and not host, qualifies it as
potential candidate for future in vivo trials.

Since, ketanserin was earlier reported to inhibit HMGR
enzyme, we incubated recombinant LIHMGR with various
concentrations of ketanserin and found that it binds to the
LAHMGR and inhibits with an ICs value of 43 uM which is
close to the ICsy value of 36 uM obtained from anti-
promastigote assay. This indicates that ketanserin has specific
affinity for the LZHMGR enzyme.

Further, to prove that ketanserin affects the sterol biosyn-
thetic pathway, we exogenously added various concentrations
of ergosterol and surprisingly found that 200 g/mol of ergos-
terol could partially reverse the ketanserin-mediated growth
inhibition, suggesting that altering the ergosterol pool may not
be the only mechanism by which it exerts its antileishmanial
action. Cholesterol on the other hand, could not rescue the
parasites from growth inhibition as reported in the previous
studies where it failed to reverse atorvastatin-mediated growth
inhibition (Dinesh et al. 2014). To further prove that one of the
targets for ketanserin is HMGR, we generated HMGR-
overexpressing cell lines which were confirmed by western
blot analysis and specific activity. The HMGR-overexpressing
cell line was found to be ~twofold resistant to ketanserin than
wild type, suggesting that ketanserin suppresses HMGR en-
zyme, and overexpression of this enzyme increases the anti-
proliferative potential of ketanserin.

Our results demonstrate that ketanserin is a potential
antileishmanial compound and possibly inhibits Leishmania
by targeting the HMGR enzyme though other modes of action
are not ruled out. The present study demonstrated the new use
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of ketanserin for killing of Leishmania parasites. This finding
can be referred to as “old drug but new use”. Further
evaluation of ketanserin on sodium antimony gluconate
(SAGQ) resistant parasites and its effect in in vivo model can be
studied.
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