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Abstract

High cytotoxicity and increasing resistance reports of existing chemotherapeutic agents against 7. evansi have raised the
demand for novel, potent, and high therapeutic index molecules for the treatment of surra in animals. In this regard, repur-
posing approach of drug discovery has provided an opportunity to explore the therapeutic potential of existing drugs against
new organism. With this objective, the macrocyclic lactone representative, ivermectin, has been investigated for the efficacy
against 7. evansi in the axenic culture medium. To elucidate the potential target of ivermectin in 7. evansi, mRNA expres-
sion profile of 13 important drug target genes has been studied at 12, 24, and 48 h interval. In the in vitro growth inhibition
assay, ivermectin inhibited T. evansi growth and multiplication significantly (p <0.001) with ICs, values of 13.82 pM,
indicating potent trypanocidal activity. Cytotoxicity assays on equine peripheral blood mononuclear cells (PBMCs) and
Vero cell line showed that ivermectin affected the viability of cells with a half-maximal cytotoxic concentration (CCs) at
17.48 and 22.05 pM, respectively. Data generated showed there was significant down-regulation of hexokinase (p <0.001),
ESAGS (p<0.001), aurora kinase (p <0.001), casein kinase 1 (p <0.001), topoisomerase II (p <0.001), calcium ATPase
1 (p<0.001), ribonucleotide reductase I (p <0.05), and ornithine decarboxylase (p <0.01). The mRNA expression of oli-
gopeptidase B remains refractory to the exposure of the ivermectin. The arginine kinase 1 and ribonucleotide reductase 11
showed up-regulation on treatment with ivermectin. The ivermectin was found to affect glycolytic pathways, ATP-dependent
calcium ATPase, cellular kinases, and other pathway involved in proliferation and maintenance of internal homeostasis of 7.
evansi. These data imply that intervention with alternate strategies like nano-formulation, nano-carriers, and nano-delivery
or identification of ivermectin homologs with low cytotoxicity and high bioavailability can be explored in the future as an
alternate treatment for surra in animals.
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Introduction

The extracellular hemoflagellate, Trypanosoma evansi, has
a wide spectrum of hosts and is responsible for surra in ani-
mals (Desquesnes et al. 2013). Surra is a debilitating and
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economically significant illness of equines, bovines, and
camelids, which is extensively dispersed in parts of Africa,
Asia, and South America (Radwanska et al. 2018; Aregawi
et al. 2019; Yadav et al. 2019; Sharma et al. 2022). Chemo-
therapy forms the mainstay for treatment and control of surra
in animals (Giordani et al. 2016). However, limited num-
ber of drugs, high toxicity, narrow therapeutic index, and
emerging resistance has raised the requirement of alternate
therapeutic for treatment and control of 7. evansi infection in
animals. Drug repurposing is a new strategy to therapeutic
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discovery that cuts down the time and money spent on iden-
tifying and developing new drug molecules (Pushpakom
et al. 2019; Rudrapal et al. 2020).

The macrocyclic lactone, ivermectin, was the first endec-
tocide drug, eliminating a wide range of ecto-parasites
(Brooks and Grace 2002), helminths, and protozoan para-
sites (Panchal et al. 2014; Mendes et al. 2017; Omura and
Crump 2017; Pinilla et al. 2018; Batiha et al. 2019) both
inside and outside the body (Canga et al. 2008). Later,
the drug has surprised the world with its antitumor (Dou
et al. 2016), antibacterial (Omura and Crump 2014), and
antiviral (Caly et al. 2020) activity. Recently, the ivermectin
has been documented to be effective against B. bovis, B.
bigemina, B. divergens, B. caballi, and T. equi with half-
maximal inhibitory concentration (ICs,) in the micromolar
(30.1-98.6) range (Batiha et al. 2019).

Ivermectin has also been investigated against several
kinetoplastid parasites. In dogs, experimentally infected with
T. cruzi, ivermectin treatment did not show any apparent
effect on Trypanosoma infection (Dias et al. 2005). In 2012,
300 pg/mL/kg dose of ivermectin was reported to increase
the mean survival period of T. brucei brucei-infected mice
from 5 to 12 days (Udensi and Fagbenro-Beyioku 2012).
Later, it was reported that ivermectin has no chemothera-
peutic effect against 7. b. brucei infection in rats (Osondu
et al. 2016). Nowadays, several researchers classify 7. evansi
and T. equiperdum as the subspecies of T. brucei (Cuypers
et al. 2017; Oldrieve et al. 2021). Recently, ivermectin was
found to be effective against Leishmania infantum under
in vitro and in vivo system as a potential therapeutic com-
pound against visceral leishmaniasis (Reis et al. 2021).
There was lack of information regarding activity of iver-
mectin against 7. evansi. With this research gap, the iver-
mectin has been investigated in this study to evaluate its
trypanocidal activity against T. evansi. Further, the mRNA
expression profile of several important drug target genes of
T. evansi on exposure to ivermectin was studied to un-fold
the changes in cellular environment caused by the drug.

Materials and methods

Propagation of Trypanosoma evansi in culture
medium

The cryostabilate of equine 7. evansi isolate (7. ev-India-
NRCE-Horsel/Hisar/Haryana), maintained at Parasitology
Laboratory, ICAR-National Research Institute on Equines
(India), was used in the present study. The cryostabilate
was thawed, viability of T. evansi was checked, and num-
bers of parasites were counted in Neubauer hemocytom-
eter chamber (Improved Neubauer, depth 01 mm, 1/400
mm?, ROHEM, India) and intraperitoneally inoculated
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(1x 10° T. evansi) in Swiss albino mice (6-8 weeks old,
female) obtained from Disease Free Small Animal House,
Lala Lajpat Rai University of Veterinary and Animal Sci-
ences, Hisar, India, as described by Baltz et al. (1985).
At peak parasitemia (10% trypanosomes/mL), 4-5 days
post-infection, trypanosomes were purified from mice
blood as described by Kumar et al. (2015). Prior approval
for animal experimentation was taken from Institutional
Animal Ethics Committee (IAEC) of ICAR-NRCE, Hisar
[Regn No. 193/GO/Re/SL/99/CPCSEA]. Purified parasites
were cultivated in HMI-9 medium prepared by supple-
menting Iscove’s Modified Dulbecco’s Medium (IMDM)
with 100 pM bathocuproic acid, 0.001% holotransferrin,
1 mM sodium pyruvate, 100 pM hypoxanthine, 16 pM
thymidine, 2 pM mercaptoethanol, 1.94 pM L-cysteine,
60 uM HEPES, 4 mM L-glutamine, 0.4% BSA, 1% antibi-
otics (1 mL penicillin 10,000 IU/mL-streptomycin 10 mg/
mL solution in 100 mL medium), and 20% fetal bovine
serum (FBS, GIBCO, USA) (Hirumi and Hirumi 1989).
All the chemicals mentioned above were procured from
Sigma-Aldrich (USA). Then, the parasites were adapted
and maintained in HMI-9 medium at 37 °C and 5% CO,
atmosphere in CO, incubator (New Brunswick™, Gal-
axy® 170 R, Eppendorf AG, Germany) for the in vitro
drug efficacy, cytotoxicity studies, and transcript analysis.

In vitro growth inhibition assay

Ivermectin (Hitek, Virbac, France) was used as a drug
molecule in present study. Stock solutions of ivermectin
were prepared in dimethyl sulphoxide (DMSO). Ivermec-
tin at 1 uM, 5 uM, 10 pM, 20 uM, 40 pM, 50 pM, and
100 uM concentration was added at 24, 48, and 72 h in
HMI-9 medium. Quinapyramine methyl sulphate (QPS,
TriquinS™, Vetoquinol India Animal Health Pvt. Ltd.)
at concentration of 20 uM was used as the standard drug.
From the well-adapted trypanosome culture, a parasite
density of 1x 10° cells/mL was prepared by adding fresh
HMI-9 medium and 500 pL each was seeded on a 48 well
plate (Greiner Bio-One, Cellstar). The experiments were
carried out in triplicate wells for each concentration of
drugs and drugs were added at the 24 h interval in cul-
ture medium. Parasite culture without any drug molecule
was kept as negative control. Parasite culture with 1%
DMSO (Sigma-Aldrich, USA) and 20 pM QPS was taken
as solvent control and positive control, respectively. The
plate was incubated in CO, incubator (5% CO,, 95% air)
at 37 °C for a period of 72 h. The culture was monitored
every 24 h up to 72 h post drug inoculation under phase
contrast inverted microscope (Olympus, Japan) and para-
site density was counted using optimized CellTiter-Glo®
luminescent cell viability assay reagent (Promega, USA).
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The 50% inhibitory concentration (ICy,) was calculated at
24 h by interpolation using the curve fitting technique in
GraphPad Prism software (version 8.0.2). The non-linear
regression analysis curve was prepared based on result of
luciferase assay by plotting percentage (%) growth inhibi-
tion of T. evansi against the varied concentrations of the
drug as per the standard guidelines (Seabaugh 2011).

Vero cell line and equine PBMCs cytotoxicity assays

Cytotoxicity assays on Vero cell line and equine PBMCs
were performed as previously described with slight modi-
fications (Kumar et al. 2020). Vero cell line was main-
tained in Eagle’s minimum essential medium (EMEM,
Sigma-Aldrich, USA) in CO, incubator (New Brun-
swick™, Galaxy® 170 R, Eppendorf AG, Germany) at
37 °C. For determination of cytotoxic activity of iver-
mectin, 1x 10* Vero cells were seeded in 96 well plates
and incubated at 37 °C in the presence of 5% CO, for
24 h. Similarly, equine PBMCs were isolated from equine
venous blood by differential centrifugation over Ficoll
Paque™ Premium 1.073 (GE Healthcare Bio-Science
AB, Sweden). The cells were re-suspended in RPMI-
1640 (Sigma-Aldrich, USA) complete medium (10% fetal
bovine serum, 1 mL penicillin 10,000 IU/mL-streptomy-
cin 10 mg/mL solution), enumerated using a Neubauer
hemocytometer, and 2 X 107 cells were seeded in tripli-
cate in a 96 well plate (Greiner Bio-One, Cellstar). The
PBMC:s culture was activated using Phytohemagglutinin-
L (PHA-L, Roche Diagnostic, Germany) at 10 pg/mL for
24 h and incubated in CO, incubator at 37 °C with 5%
CO,. After incubation, the Vero cells and equine PBMCs
were treated with different concentrations of ivermectin
(13, 26, 65, 130, and 260 uM) in triplicate well and incu-
bated in CO, incubator for 48 h. Vehicle and positive con-
trol were 1% DMSO and 1% Triton X-100, respectively.
Then, 25 pL of Cell Titer-Glo® reagent (Promega, USA)
was added to all the wells and luminescence was recorded
using luminometer (SpectraMax® i3x; SoftMax® Pro
Software). Percentage cytotoxicity was calculated with
reference to the negative control.

Percentage of cytotoxicity was calculated with reference
to the negative control cells as below:

(LUM of negative control — LUM of test sample)

- x 100
(LUM value of negative control)

Cytotoxicity(%) =

Specific selectivity index (SSI) of ivermectin against 7.
evansi in comparison to mammalian cells at respective ICy
concentration was calculated using the formula:

(ICs, of ivermectin on equine PBMC or Vero cell line)

SSI = - - -
(ICs of ivermectin on T. evansi)

RNA extraction from HMI-9 cultured T. evansi

Total RNA from 1 to 2 x 10’ HMI-9 adapted 7. evansi was
isolated in triplicate using the RNeasy mini kit (Qiagen, Ger-
many) according to the manufacturer’s instruction. The RNA
of T. evansi cultured prior to addition of ivermectin was used as
a control. Further, 7. evansi culture medium was collected after
12, 24, and 48 h of addition of ICy, of the ivermectin to study
the alteration in mRNA expression of targeted genes. DNase
I (Thermo Fisher Scientific, USA) was used to remove the
traces of genomic DNA. The yield and purity of RNA isolated
were assessed using a NanoDrop spectrophotometer (Eppen-
dorf, Biophotometer Plus Spectrophotometer, Germany) and
diluted to 100 ng/uL concentration for the reverse transcription.
The primer sequence of gene of interest was designed using
Primer 3 tool (NCBI, USA), whereas the primer sequence of
B-tubulin (housekeeping gene) was adopted from Brenndorfer
and Boshart (2010). The list of primers of genes targeted in the
present study is compiled in Table 1.

Transcript analysis

The analysis of RNA transcript of 13 gene of interest was per-
formed using quantitative reverse transcription PCR (QRT-PCR)
using Power SYBR Green RNA to Ct One Step kit (Thermo
Fisher Scientific, USA) on the BioRad CFX96 Real-Time PCR
Detection System (BioRad, USA). Each reaction was amounted
to 10 pl volume using 1 pl (100 ng) RNA, 5 pl (2 x Power
SYBR™ Green RT-PCR Mix), 0.08 pl (125 XRT Enzyme
Mix), and 100 nM each of gene-specific primer (Table 1). The
fold expression of mRNA of 13 drug target genes relative to
normalizer (f-tubulin) gene was calculated by ddCt method
(Livak and Schmittgen 2001). The following thermocycling
conditions were used: 48 °C for 30 min for cDNA synthesis,
one cycle of initial denaturation at 95 °C for 10 min, followed
by 40 cycles of 95 °C for 15 s, and 58 °C for 1 min with a single
fluorescence measurement. Specificity of the PCR products was
confirmed by analysis of the melt curve. The dissociation curve
analysis was carried out between 60 and 95 °C with a heating
rate of 0.1 °C/s and a continuous fluorescence measurement to
confirm the specific amplification.

Statistical analysis

Anti-trypanosomal activity of ivermectin against 7. evansi
at 24, 48, and 72 h was computed by two-way ANOVA
post hoc Bonferroni test. The p values <0.05 were con-
sidered as statistically significant differences between
ivermectin-treated wells and control wells. The non-lin-
ear regression analysis of ivermectin concentration and
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Table 1 List of drug target genes of Trypanosoma evansi and primers used for quantification of mRNA expression

Sr. no Target genes Forward primer Reverse primer
1 Hexokinase CCGTCCGCATGTTACCATCT TCCTCAGGTGCACGAGTTTC
2 Trans-sialidase AACATGTGTGCTGCCAGGTTG GGATACGGGTGCCAACTGTG
3 Trypanothione reductase TCCGTGGAGTTTGCCGGTAT TTGCTTCCATCGGTGTTGAGAC
4 Expression site associated gene 8 GGAAGCTGAAGGTGCTAGAT AGTTTTTGCAGTTAGAGACAGA
5 Aurora kinase CCTCCGACACCCAAGTCCAA TGCATAGGTTCGCAGCAGGTA
6 Oligopeptidase B GACCCGCTCTTTTGGCTTCG TAGACGTAGGGGGCCGACAT
7 Casein kinase 1 (epsilon isoform) TCGCAACACGCTGATTGGT ACTAAGTGATCCCCTCCCGC
8 Arginine kinase 1 CTCGCCGGTTACCCATTCAA TCGTCATGCCAGAAAGCGGAT
9 Topoisomerase 11 TGCTACGGAGGCAACACTTG CCGTCTCCGCGATCTTCTTGA
10 Calcium ATPase 1 CCGTGGAGGCGATGAAACAAAT CGCTCAATCGTTCCGATCTCTG
11 Ribonucleotide reductase I TATCGATCAGAGCCAGAGCCT CATTGCCTTGGGGTCGAGT
12 Ribonucleotide reductase 11 CGTAAACAAGCTGCCGAGGG GGTCGTACCCCAAGGACACC
13 Ornithine decarboxylase TTGGCTCGATGCCGTCTCAG CCTGGAAACCCACCACCGAT
14 p-Tubulin* ACTGGGCAAAGGGCCACTAC CTCCTTGCAGCACACATCGA
“Normalizer (housekeeping) genes
its cytotoxicity was accessed by curve fitting technique in 120 '
GraphPad Prism version 8.0.2. g 100~ ICsy=13.82 M | ! .
£ Log ICso = 1.141
Result Z 87| r?=o0s8170 | !
= 60- |
In vitro growth inhibit s o i e
ory efficacy of ivermectin against T. evansi 8 40+ .
!
o — : 2 204 |
The in vitro growth inhibitory effects of different concen- ° | '
trations of ivermectin against 7. evansi were analyzed by 0-¢ — T : T 1
two-way ANOVA post hoc Bonferroni test for compari- 0.0 0.5 1.0 1.5 2.0

son between the treated and control groups (Figs. 1, 2).
The highly significant (p <0.001) growth inhibition of T.
evansi was observed at 24 and 48 h at higher concentra-
tion of ivermectin (20 uM and above), whereas at 72 h of
in vitro treatment with ivermectin concentration of 1 uM
and above, revealed highly significant (p <0.001) difference
from respective control wells. The minimal 50% inhibi-
tory concentration (ICs;) of ivermectin was calculated as
13.82 uM against 7. evansi parasite by curve fit technique.

Vero cell line and equine PBMCs cytotoxicity assays

Various concentrations of ivermectin (13, 26, 65, 130,
and 260 uM) were tested for cytotoxicity on Vero cell line
and equine PBMCs. At ICs,, ivermectin showed <20%
and < 30% cytotoxicity on Vero cell line and equine PBMCs,
respectively (Fig. 3). The extrapolated minimal 50% cyto-
toxic concentration calculated by non-linear regression
analysis was 17.48 pM and 22.05 pM against Vero cell line
and equine PBMCs, respectively. The SSI of ivermectin was
calculated as 1.26 and 1.59 on Vero cell line and equine
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Log concentration (M)

Fig.1 Dose-dependent effect of ivermectin on the proliferation of
Trypanosoma evansi. The trypanosomes were cultured in HMI-9
medium and exposed to ivermectin for 72 h. The 24 h data was ana-
lyzed by curve fitting technique to compute minimal 50% inhibitory
concentration (ICs,) of ivermectin against 7. evansi

PBMCs, respectively, indicative low safety of the drugs for
in vivo trials at this dose.

Transcript analysis

At 12 h, there is a significant down-regulation of hexokinase
(»<0.001), ESAGS (p <0.001), aurora kinase (p <0.001),
casein kinase 1 (p <0.001), topoisomerase II (p <0.001),
calcium ATPase 1 (p <0.001), and ornithine decarboxy-
lase (p <0.01). The down-regulation of hexokinase, aurora
kinase, casein kinase 1 (p <0.001), and calcium ATPase
1 (p<0.001) remains continued at 24 h interval (Fig. 4).
However, topoisomerase II expression gets normalized at
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24 h of exposure. The arginine kinase 1 up-regulation was
observed at 24 h and 48 h of treatment with ivermectin. The
mRNA expression of oligopeptidase B remains refractory
to the exposure of the ivermectin. All genes except ribonu-
cleotide reductase I, casein kinase 1, and oligopeptidase B
showed up-regulation in 7. evansi population surviving at
48 h of exposure with drug. However, the mRNA expres-
sion of casein kinase I gets normalized at 48 h of exposure.
The mRNA expression of ribonucleotide reductase I showed
significant (p <0.05) down-regulation at 24 h and 48 h of
exposure with ivermectin. The trans-sialidase gene was
8.234 times more expressed at 48 h (p <0.001), whereas it
was down-regulated at 24 h (p <0.001). On the other hand,
the ribonucleotide reductase II gets significantly (p <0.05)
up-regulated at 48 h of exposure with drug.

Discussion

Macrocyclic lactones are polyene compounds derived from
Streptomycetaceae family of Actinobacteria (Hamilton-
Miller, 1973; Prichard et al. 2012). Of these, ivermectin
was the first macrocyclic lactone to be developed as a semi-
synthetic chemically reduced 22,23-dihydro derivative of
avermectin B1 produced by Streptomyces avermitilis (Camp-
bell et al. 1983). Ivermectin has showed multifaceted anti-
parasitic activity against helminth, arthropod, and protozoa
parasites (Crump 2017). In the present study, ivermectin
showed trypanocidal activity against 7. evansi grown in the
axenic culture with 50% minimal inhibitory concentration
of 13.82 uM and selectivity index ranging from 1.26 to 1.59
against mammalian cells. Recently, IC, values for ivermec-
tin against B. bovis, B. bigemina, B. divergens, B. caballi,
and 7. equi were estimated as 53.3, 98.6, 30.1, 43.7, and
90.1 pM, respectively, which is several folds higher than the
trypanocidal activity of the drug (Batiha et al. 2019).

Gene expression fluctuations in the presence of drug
underlies the cellular decision-making process to promote
the survival of cell. Target genes were selected based upon
their potent role in survival of kinetoplastid parasite. Of the
targeted genes, hexokinase, arginine kinases 1, and casein
kinase 1 maintain the energy homeostasis, whereas ornithine
decarboxylase and trypanothine reductase are vital for redox
homeostasis in cell. Trans-sialidase, ESAGS, and calcium
ATPase I play a major role in cellular trafficking of macro-
molecules. Likewise, aurora kinase, ribonucleotide reduc-
tase, and topoisomerase are necessary for DNA synthesis,
replication, and cellular proliferation (Kumar et al. 2016).
Data generated showed that ICs, of ivermectin significantly
(» <0.05) down-regulate the mRINA expression hexokinase,
whereby, it reduces the glycolysis and energy production in
T. evansi cells. Further, down-regulation of aurora kinase,
ornithine decarboxylase, casein kinase 1, ribonucleotide

reductase I, calcium ATPase I, and topoisomerase II hinders
the proliferation of 7. evansi. The mRNA expression of oli-
gopeptidase B remains unchanged, and thereby, no reduction
in virulence can be expected in 7. evansi-infected host on
treatment with ivermectin. Real-time qPCR analysis showed
reduced expression of trans-sialidase at 24 h of exposure
with ivermectin, suggesting the potential of drug to inhibit
the trans-sialidase, which is indispensable for survival of the
parasite. The enzyme is located in the surface of the trypa-
nosomes and helps in accumulation of sialic acid, which
cannot be synthesized by the parasite and necessary for pro-
liferation of trypanosomes (Kumar et al. 2016). However,
the T. evansi managed to eightfold enhance the expression
level of trans-sialidase in comparison to control at 48 h of
exposure with ivermectin in order to maintain the cellular
uptake of necessary macromolecules. Similarly, ivermectin
exposed 7. evansi showed gradual rise in the mRNA expres-
sion of topoisomerase II at 24 h and 48 h to maintain the
normal pace of DNA synthesis. Sarcoplasmic/Endoplasmic

No inhibitor
Ivermectin (1 pM)
Ivermectin (5 pM)
Ivermectin (10 uM)
Ivermectin (20 pM)
Ivermectin (40 uM)
Ivermectin (50 uM)
Ivermectin (100 uM)
QPS (20 uM)

DMSO (1%)

Number of parasites (/ml)
EEERN

Time (h)

Fig.2 Cumulative growth analysis of trypanosomes in HMI-9
medium in the absence or presence of different concentrations of
ivermectin. Significance was determined using two-way ANOVA
comparing treated and control, p <0.05

Reticulum Calcium-ATPase (SERCA) played a key role
in maintenance of calcium gradient in cell and its down-
regulation could be lethal to the cells (Guerrero-Hernandez
et al. 2010). The overexpression of the arginine kinase in
T. cruzi improves the stress-bearing ability of cells (Pereira
et al. 2003). Therefore, up-regulation of arginine kinase 1
recorded in the present study may help the parasite in sur-
vival in the presence of ivermectin. The majority metabolic
genes get up-regulated at 48 h interval, which must have
played a key role in survival of parasites to the exposure of
ivermectin. The ivermectin has demonstrated its antitumor
effects on numerous cancers by targeting chloride channel,
poly-ubiquitination of kinase (PAK1), multidrug resistance
(MDR) gene, helicase, TOR pathway, oxidative phosphoryl-
ation pathway, ATP-dependent calcium ATPase, and many
other receptors and signaling pathways (Li and Zhan 2020).
Similarly, in the present study, ivermectin was found to
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Fig.3 Dose-dependent effect of ivermectin on mammalian cells.
Equine PBMCs and Vero cell line were exposed with ivermectin for
48 h and cell viability was determined by luminescent cell viability
assay

affect glycolytic pathways, ATP-dependent calcium ATPase,
cellular kinases, and other pathway involved in proliferation
and maintenance of internal homeostasis of 7. evansi.

In the recent COVID-19 pandemic, ivermectin has
been considered as potential drug molecule against severe
acute respiratory syndrome-coronavirus 2 (SARS-CoV-2)
with ICs, value at 2 uM under in vitro conditions (Caly
et al. 2020). However, the conditions under which the virus
replicates and infects cells in vivo and in vitro differ, it was
impossible to make a definitive statement regarding the effi-
cacy of ivermectin in human patients. Similarly, any differ-
ences in this medication’s pharmacokinetic features, as well
as any undiscovered drug interactions that may occur under
such circumstances, have yet to be detected and noted. Later,
it was realized that IC,, recorded against in vitro cultivated
SARS-CoV-2 virus was 35 times higher than peak plasma
concentration (C,,,,) achieved in humans after oral admin-
istration of the approved dose of ivermectin, and therefore,
the drug has low probability to produce complete cure in a
clinical case (Schmith et al. 2020). Similarly, in this study,
trypanocidal activity of ivermectin against 7. evansi has
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Fig.4 gPCR analysis of mRNA expression kinetics of a hexoki-
nase; b trans-sialidase; ¢ trypanothine reductase; d ESAGS; e aurora
kinase; f oligopeptidase B; g casein kinase 1; h aurora kinase; i topoi-
somerase II; j calcium ATPase 1; k ribonucleotide reductase I; 1 rib-
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(1) (m)

onucleotide reductase II; and m ornithine decarboxylase after treat-
ment with ICs, of ivermectin for 48 h. The values are expressed as
relative quantity with respect to the control
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been demonstrated ICy, at 13.82 uM under in vitro con-
ditions; however, the results under clinical condition still
need to be investigated. So far, there are few preliminary
random in vivo trials (at the dose rate of 200—400 pg/kg,
intraperitoneally), without determining the in vitro efficacy,
of ivermectin against kinetoplastid protozoan parasites (Dias
et al. 2005; Udensi and Fagbenro-Beyioku 2012; Osondu
et al. 2016). Additionally, the T. evansi is responsible for
nervous sign in several animal host due to its capability to
invade central nervous system of host; however, ivermectin
is unable to invade the blood-brain barrier (Edwards 2003)
and will certainly remain ineffective in cases showing the
nervous sign due to trypanosomosis. Further, the T. evansi
is nowadays considered as subspecies of 7. brucei (Cuypers
et al. 2017; Oldrieve et al. 2021) and the ivermectin was
found ineffective to treat 7. brucei infection in rats (Osondu
et al. 2016). Majority of these studies remain inconclusive in
dearth of information regarding the effective dose required
for trypanocidal activity of ivermectin. Therefore, the pre-
sent study adds the information, which would be helpful
in decision-making process, while attempting in vivo trials
for treatment of 7. evansi infection using ivermectin as a
drug molecule. Further, repurposing medications such as
ivermectin for management of surra infection is a promising
method, but it can only be implemented if product safety has
been confirmed and repurposed drug tests have been carried
out at clinically relevant dosages.

Conclusions

In vitro T. evansi growth inhibitory efficacy of ivermec-
tin was investigated. Ivermectin significantly arrested the
in vitro growth of T. evansi with ICy, value at 13.82 uM.
However, drug showed low specific selectivity index against
Vero cells and equine PBMC:s. It can be inferred that macro-
cyclic lactone may serve as potential drug molecule against
T. evansi using nano-formulations, nano-delivery approach,
and modification of structural homologs of ivermectin with
varied functional groups to reduce cytotoxicity and increase
bioavailability. Further, other macrocyclic lactones must also
be investigated for their activity against 7. evansi.
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