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INTRODUCTION

One of the most significant flagellated protozoan
parasites in the family Trypanosomatide and order Kinetoplastida
is Leishmania. The intracellular protozoan of the genus
Leishmania causes the parasitic disease Leishmaniasis, which
has a serious impact on human health [1]. Approximately 350
million individuals are at risk for various forms of Leishmania
protozoa, and about 12 million people in 98 countries worldwide
contracted the disease each year from 1990 to 2018 [2]. There
are two subgenera of Leishmania: the subgenera that cause the
self-healing cutaneous leishmaniasis (CL) (such as L. major)
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and the deadly visceral leishmaniasis (VL) (L. infantum in the
new world and Leishmania donovani in the old world are two
examples). The Leishmania viannia subgenus is frequently linked
to either CL or muco cutaneous (MCL) forms (L. braziliensis).
Leishmania species develop into externally flagellated
promastigotes inside the sand flies’ digestive tracts as part of
a digenetic life cycle. They subsequently differentiate within
the phagolysosome of the host macrophage to become internal
rudimentary-flagellated amastigotes [3]. In accordance with the
World Health Organization’s leishmaniasis information sheet,
in seven countries (Somalia, India Kenya, South Sudan, Brazil,
Sudan, and Ethiopia) in 2020, (VL) accounted for more than 90%
of cases. Over 84% of patients that were recorded in 10 countries
in 2016 had (CL): Tunisia, Afghanistan, Pakistan, Brazil, Peru,
Colombia, Iraq, the Syrian Arab Republic, Yemen, and Algeria
[4,5]. Moreover, Bolivia, Brazil, Ethiopia, and Peru account for
approximately 90% of cases of (MCL). With an estimated 4,500—
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5,000 new cases of (VL) annually, Ethiopia is highly affected by
both MCL and VL [6]. The currently available drugs lead to drug
resistance and are cost ineffective [7]. Hence, more affordable
drugs need to be developed and tested.

Betula utilis (Betulaceae) can be referred to as the
“Himalayan Silver Birch.” and is a significant medicinal plant
native to the high-altitude regions of the Himalayas in India
[8]. Previous studies on B. utilis have revealed the presence of
triterpenoids, flavonoids, and Phenolics. Betula utilis bark extract
and their isolated compounds have been demonstrated to display
remarkable biological activities, anti-microbial, anti-cancer,
anti-inflammatory, and hepatoprotective activity [8]. Betulin,
betulinic acid, and lupeol are the triterpenoids found in the
plant bark [9], Betulin (Fig. 1) is a pentacyclic triterpene natural
product that belongs to the lupane family and has the systematic
name 3, 28-dihydroxy-20(29) lupen or Lup-20(29)-en-3, 28-diol,
also called as betulinol, betulinic alcohol, or betulin [10,11].
It is reported for various biological activities, like anti-HIV,
anti-fungal, anti-bacterial, anti-inflammatory, anti-tumor, anti-
leishmaniasis, and immunological regulatory effects [12—14].
The derivatives of betulin including imidazole carboxylic ester,
hemisuccinate, hemiphthalate, nicotinate, acetylbetulin-28-O-
hemiphthalate, mono- and dimethacrylate, acetylenate, oxime,
oligomeric ester, phosphate, triphenylphosphonium, succinyl,
and 3-substituted glutaryl, exhibit various pharmacological
activities such as anti-viral, anti-inflammatory, anti-cancer, and
hepatoprotective effects [15-20].

The literature has reported the activity of betulir}%

and its derivatives in Leishmania. Alakurtti and collgbora
[21] investigated the effect of heterocyclic bemli% i
n

on L. donovani amastigotes. Sousa et al. [22 S

the antileishmanial action of imidazole~be @ atives.
Chowdhury et al. [23] focused on targetin isomerases
in L. donovani and synthesized betulin desivdtives, including
disuccinyl betulin, diglutaryl dihydrobetulin, and disuccinyl
dihydrobetulin. These compounds were found to inhibit both
parasite growth and the relaxation activity of L. donovani-type IB
topoisomerase. Zhang et al. [24] predicted target identification
for betulin derivatives as L. donovani inhibitors using in silico
target fishing with structure-based pharmacophore searching
and compound-pharmacophore-target pathway network
analysis.

Chemical Formula: C;,H;,0,
Molecular Weight: 442

Figure 1. Chemical properties of Betulin.

The present work evaluates the potential of B. utilis D.
Don ethanolic extract, isolated botulin, and its ester derivative
for the anti-leishmanial effect using in-vitro and ex-vivo assay.
The ethanolic extract was obtained by Soxhlet extraction,
and betulin was isolated by column chromatography. The
semisynthetic ester derivative was synthesized by the reaction
of betulin (75 mg, 0.17 mmol) and 3, 5 dinitrobenzoic acid
(38 mg, 0.18 mmol) in dicyclohexylcarbodiimide (DCC) (32
mg, 0.15 mmol) and 4-dimethylaminopyridine (DMAP) (19
mg, 0.15 mmol) in dry dichloromethane (50 ml) by stirring
at room temperature for 4 hours. The synthesized compound
was characterized by NMR, IR, and mass spectroscopy. The
molecular docking study was performed using the Schrodinger
Suite (Maestro 11.8), to explore the binding affinities and
interactions of amphotericin B, betulin, and its semisynthetic
derivative with the active site of Pteridine reductase 1 (PTR1),
proposed as a potential target for parasitic diseases. The Betula
utilis ethanolic extract (EEBU), isolated betulin (VA1), and
synthesized compound (VA2) were tested for their cytotoxicity
and in-vitro anti-leishmanial activity (anti-promastigote and
anti-amastigote) against L. donovani. Anti-promastigote
activity and cytotoxicity tests were conducted using the (3-
(4,5- dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide)

(MTT) cell viability method on modified THP-1 cells infected

with L. don . Anti-amastigote activity was conducted by

the wlt& ophage-lineage THP1 cells (105 cells. pM)
2‘ 1 plate.

ERIAL AND METHODS

Plant material

A 1 kg of fresh bark from B. utilis was collected
from Himachal Pradesh, in the month of September and was
authenticated by Prof. Vidhu Aeri, and the voucher specimen
(JH/PCOG/371.STBK.BT) was submitted for record in the
Department of Pharmacognosy & Phytochemistry, Jamia
Hamdard, New Delhi, India.

Chemicals

All the chemicals used were of analytical grade:
dichloromethane (Merck), ethanol (Merck), petroleum ether
(Merck), DMAP (SRL), DCC (Sigma Aldrich), amphotericin
B, MTT, Alamar blue®, THP Icells (Sigma Aldrich), Dimethyl
sulfoxide (99% DMSO) (Merck), and Silica gel 60—120 mesh
(Merck).

Preparation of extracts

A 250 g of powdered B. utilis bark was defatted in
a Soxhlet apparatus with 3.25 1 of petroleum ether, and the
defatted marc was subsequently extracted with 3.25 1 of 95%
ethanol for approximately 72 hours at 40°C. The ethanolic
extract was concentrated in a vacuum rotary evaporator and was
subjected to further investigations after drying for 4-5 days in a
vacuum desiccator [25,26].

Isolation of betulin using column chromatography

The column was packed with silica gel (60—120 mesh
size) using a wet technique and left overnight. The mixture of 5
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g of ethanolic extract and silica gel was added to an open silica
gel column chromatography system, and the column was eluted
in pure toluene (100%) initially and followed by toluene and
ethyl acetate in a gradient manner (90:10), (80:20), and (70:30).
The 50 ml of fractions were collected, concentrated in rota
evaporator, and left for crystallization. A total of 210 fractions
were collected. The fractions with the same Rf value as that
of standard betulin were grouped together and concentrated
using a rotary evaporator. Betulin was isolated from fractions
77-104 in the mobile phase (toluene: ethylacetate 70:30).
The concentrated fraction was crystallized/ recrystallized to
obtain pure betulin. The isolated betulin was characterized by
spectroscopy methods (NMR, IR, and Mass).

Quantitative estimation of betulin in the bark extract of B.
utilis D.Don by using UV spectroscopy

A standard curve was developed by preparing different
dilutions of the standard and measuring the absorbance at 210
nm. The concentration of betulin present in the extract was
calculated by using the standard calibration curve of betulin.

Preparation of standard

A standard stock solution of 1 mg/ml betulin was
prepared by using methanol as a solvent and working solutions
were drawn from the stock solution at concentrations of 2, 4, 6,
8, and 10 pg/ml. The absorbance of the working solution was
measured at 210 nm and the standard calibration curve was
plotted.

Preparation of sample °

at 210 nm.

Molecular docking

Molecular docking studies play an important role
in computational biology and drug discovery, enabling the
prediction of the interaction between molecules of interest
(ligands) and their macromolecular targets (proteins). The
molecular docking studies were conducted using Schrodinger
Suite (Maestro 11.8) software. The protocol included the steps,
focussing on protein selection and preparation, grid building,
ligand preparation, the docking process, and result analysis
of Betulin, amphotericin B, and synthesized compound with
the enzyme PTRI1. The PTR1 is a crucial enzyme for pterin
salvage in the Leishmania parasite, making it a possible
target for improved therapy. PTR1 is a homotetramer with a
subunit molecular mass around 30 kDa. PTR1 catalyzes the
two-step reduction of folate to dihydrofolate (H2) and then
tetrahydrofolate (H4). The dihydrofolate reductase (DHFR)
component of the DHFR-thymidylate synthase bifunctional
polypeptide (DHFR-TS) reduces folate and is the major cell
target for antiprotozoal activity [27].

Protein selection and preparation

The first step in molecular docking studies is selecting
and preparing the target protein. For this study, the crystal

A stock solution of 1 mg/ml of extract wa 1&9’
by using methanol as a solvent and absorbance % astred

structure of PTR1 (PDB ID: 2XOX) [28] was obtained from
the RCSB Protein Data Bank (http://www.pdb.org). Once
the protein structure was retrieved, it was prepared using the
Protein Preparation Wizard in Maestro. This process involved
several steps to ensure that the protein structure was ready
for docking studies. Initially, the PDB file was imported into
Maestro, hydrogens were added, bond orders were assigned, and
formal charges were treated. The protein’s protonation states
were adjusted, termini were capped, and water molecules were
removed beyond 5 A. Next, the structure is optimized to relieve
any steric clashes, followed by restrained minimization to refine
the hydrogen bond network. These steps ensure the protein is in
its most stable and relevant conformation for docking.

Grid formation

The next step was to generate a receptor grid, defining
the docking space around the protein’s active site. In Maestro,
the “Receptor grid generation” tool was used to create this
grid. The grid box is centered on the active site of LM-PTRI,
ensuring it encompasses the entire binding region and potential
interaction sites. The size of the grid box is 20 x20 x20 A set
to balance the inclusion of all relevant binding regions without
making it excessively large, which could decrease the precision

of the dockin @ts.
Ligan éon

tgand preparation is a vital component of molecular
docking studies. For this protocol, the ligands betulin,
amphotericin B, and the designed compound were first drawn
using ChemDraw software. These structures were then saved in
pdb formats compatible with Maestro. The ligand structures were
imported into Maestro, they were prepared using the LigPrep
tool. The 3D conformations of the ligands using the LigPrep
dialogue box. Three-dimensional structures were ionized at
pH 7.0 and tautomerized. Before energy minimization, each
chemical generated 32 stereoisomers. This preparation ensured
that the ligands were in the appropriate shape and energy state
for docking.

Docking process

In Maestro, the Glide dock was used for docking
studies. The prepared receptor grid and ligands were imported
into the Glide module. Docking parameters were set, including
choosing the docking precision standard precision, and the 5
number of poses for each ligand were generated.

Preparation of betulin-derived esters

The designed compound (VA2) was synthesized using
betulin (75 mg, 0.17 mmol) and 3, 5 dinitrobenzoic acid (38
mg, 0.18 mmol) in DCC (32 mg, 0.15 mmol) and DMAP (19
mg, 0.15 mmol) in dry dichloromethane (50 ml) by stirring at
room temperature for 4 hours. The progress of the reaction was
monitored by TLC using [(n-hexane: ethyl acetate) 6:4 v/v].
After completion, the reaction mixture was quenched in cold
water, filtered, and was subsequently with dichloromethane. The
resulting filtrate was then evaporated under reduced pressure
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and subjected to purification via column chromatography using
mobile phase [(n-hexane: ethyl acetate) 6:4 v/v] [29,30].

Structural identification

The isolated and synthesized compound was
structurally characterized by melting point and spectral
analyses. The spectral analyses were performed using a Bruker
DPX-400 spectrometer for both 'H (500 MHz) and C (400
MHz) NMR spectra, recorded in CDCI,, where TMS served as
the internal standard. The KBr pellet IR spectra were acquired
using a Thermo Scientific Nicolet 380 FTIR spectrometer,
while mass spectra were obtained utilizing a Shimadzu mass
spectrometer.

Culture conditions/Leishmania strain and growth

The studies employed the L. donovani strain MHOM/
SD/62/1S-C12D (SD), obtained from FDA, USA with due
approvals was used [31,32]. Promastigotes were cultivated in
M199 medium with pH 6.8 at 26°C [31].

In vitro promastigote assay (anti-leishmanial activity)

Experiments were conducted in 96-well plates using
promastigotes in the mid-log phase (1076 cells/ml) in M199
media. The test samples EEBU, VA1, and VA2 were dissolved
in 3% v/v (DMSO, Vetec®) and sterile-filtered through 0.22 pm
Millipore membranes [33,34]. These compounds were assessed
at concentrations ranging from 32 to 500 pM. The untreated
control and amphotericin B, used as a reference, also contained

by measuring growth inhibition and mortality over g, 72-
period at 25°C. Parasite viability was assessed using t
assay, with absorbance measured at 570 nm. All %

performed in triplicate in three independe iments:

3% v/v DMSO. The antileishmanial activity was determineclle
e

Assay for ex vivo cytotoxicity

THP1 cells (Sigma Aldrich) grown in RPMI 1640
media supplemented with 10% FBS, were subjected to
escalating doses of test compounds (5-50uM) at 37°C and 5%
CO, for 48 hours in order to evaluate the adverse effects of test
compounds VA1, VA2, and EEBU on mammalian cells. The
reference drug was amphotericin B, while the controls were
untreated macrophages. The MTT (3-{4, 5-dimethylthiazol-2-
yl}-2, 5- diphenyltetrazoliumbromide) assay was used to
measure the proportion of viable cells to assessed cell viability
[35].

Amastigote-macrophages assay

Late-log promastigotes (10 x 10°) were added to
PMA-differentiated THP-1 macrophage-lineage cells (1 x
109 cells/ml) cultured on glass coverslips, at a cell-to-parasite
ratio of 1:10. After a six-hour incubation period, uninternalized
parasites were removed by washing with 1x PBS. Cells were
then replenished with fresh RPMI medium and incubated for
an additional 48 hours to allow amastigote differentiation
and multiplication within the macrophages. Following this
incubation, infected cells were treated with VA1, VA2, and
EEBU, compounds previously shown to exhibit minimal
cytotoxicity while enhancing anti-leishmanial activity against L.

donovani promastigotes. Infected cells were then fixed and
stained with Giemsa (Laborclin®). The glass coverslips were
removed, and the number of infected macrophages (200 per
slide/replicate) and the number of amastigotes per macrophage
were quantified using a bright field inverted microscope;
EVOS-Thermo (Invitrogen) under 40x magnification [36,37].

Statistical analysis

The cytotoxicity and anti-leishmanial activity were
assessed using one-way ANOVA, with a statistical significance
level of ****p < 0.0001. The latest version of the GraphPad
Prism software was used to calculate the CC, and IC_ values.

RESULTS

Preparation of extracts

The petroleum ether extract yield was found to be
30.68% and the ethanolic extract yield was found to be 57.91%
(yellowish brown).

Isolation of betulin by column chromatography

The betulin was isolated and purified by column
chromatography from the ethanolic extract of B. wtilis bark.
The compound was isolated from fractions 77-104 using
mobile phase Afoluene: ethyl acetate 70:30). Methanol was
used,to pusi ompound. The compound was identified by

aldehydesulphuric acid reagent. The melting range of the

e pound, as tested by the open capillary method, was

fo to be 242°C-246°C. The maximum absorbance (A ) of

the compound in concentrated sulfuric acid was found to be

326 nm, this is quite close to the 316 nm standard value, and the

Rf is 0.41. Betulin (15%) was successfully extracted from the

bark of B. utilis using an optimized ethanolic extraction process

and column chromatography. The UV spectrum of Betulin is
mentioned in (Supplementary Fig. S1).

Quantitative estimation of betulin in the bark extract of B.
utilis D.Don by using UV spectroscopy

The amount of betulin present (12.36 pg/ml) in the
extract of B. utilis D.Don bark was calculated by using the y
=0.1364 x — 0.033 equation. The standard calibration curve of
betulin is indicated in Figure 2.

Molecular docking

In the present study, molecular docking studies were
conducted to explore the binding affinities and interactions of
betulin, amphotericin B, and a semisynthetic derivative with
the active site of PTR1. The docking studies were performed
using the Schrodinger Suite [(Maestro 11.8)] and employed
a well-defined protocol encompassing protein and ligand
preparation, receptor grid generation, and subsequent docking
processes. The docking results indicated that amphotericin B
forms specific hydrogen bond interactions with THRS, 165,
174, and GLN169 with a docking score of —6.216 kCal/mol.
This suggests that hydrophobic interactions and van der Waals
forces primarily contribute to its moderate binding affinity,
highlighting its potential to effectively occupy the active site
(Fig. 3). Betulin displayed a specific hydrogen bond interaction
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with GLU 123 with a docking score of —2.182 kCal/mol. This
specific binding suggests that directed interactions are crucial
for its stable binding within the PTRI1 active site, thereby
enhancing its binding specificity and stability (Fig. 4). The
good binding affinity was observed for the designed compound
(VA2) as compared to Betulin (Parent moiety), which achieved a
docking score of —5.724 kCal/mol. It formed multiple hydrogen
bonds with THR-146, and GLU123, indicating a strong and
stable binding mode. The extensive hydrogen bonding network
suggests the compound’s high potential as a potent inhibitor of
PTR1, making it a promising candidate for further development

(Fig. 5).
Characterization of betulin and 3, 5- di-nitro benzoate betulin

Spectral identification (isolated betulin)
C,H,0,, R, 0.41, Melting point 240°C-245°C,'H

50 722

NMR (500 MHz, CDCL) 5 value & 4.70 (s, 1H, OH), 4.60 (s,

1H, O-H), 3.83-3.80 (dd, 1H,=CH,), 3.36-3.33 (dd, 1H,=CH,),
3.22-3.20 (dd, 1H, -CH,), 2.41-2.37 (m, 1H, -CH,), 1.96-1.86
(m, 3H, =CH, -CH,), 1.70-1.69 (m, 5H, -CH,), 1.62-1.59 (m,
9H, -CH,), 1.45-1.39 (m, 6H, -CH,), 1.28-1.27 (t, 3H, -CH,),
1.23-1.22 (d, J = 5.25 Hz, 1H, -CH,), 1.20-1.19 (d, J =5.3
Hz, -CH,), 1.04 (s, 3H, -CH,), 1.00-0.98 (d, J = 6.25 Hz, 6H,
-CH,), 0.84 (s, 3H, -CH,), 0.78 (s, 3H, -CH,), 0.71-0.69 (dd,
1H, -CH,).”C NMR (400 MHz, CDCl,) 8 150.4 (C-20),109.72
(C-29), 77.23 (C-3), 60.57 (C-28), 55.28 (C-5), 50.39 (C-9),
47.79 (C-17), 48.75 (C-18), 48 (C-19), 42.72 (C-14), 40.91 (C-
8), 38.70 (C-4), 38.87 (C-1), 37.30 (C-13), 37.16 (C-10), 34.23
(C-7), 33.98 (C-22), 29.74 (C-21), 29.17 (C-16), 27.99 (C-2),
27.39 (C-15), 25.20 (C-12), 20.83 (C-24), 20.83 (C-23), 16.12
(C-11), 18.30 (C-30), 19.09 (C-26), 15.98 (C-6), 15.38 (C-25),
14.77 (C-27). IR (KBr, cm™): 3359 (OH), 3,078, 2,944, 2,870
(CH), 1,695, 1,644, 1,457, 1,457, 1,374, 1,029, 884, 759. MS
(EL, 70 eV) m/z: 442 [M] + (Supplementary Figs. S2-S5).

" y =0.1364x - 0.033
Betulin standard A2 Dioosi
1.4
) /
1
. /
< 0.8
©
g /
2| os
< /
0.4 /
0.2
0 T T T T ]
0 2 4 6 8 10 12
Concentration (ug/ml)

Figure 2. The standard calibration curve of betulin.

Figure 3. 3D and 2D representation of protein-ligand interaction of amphotericin B at PTR1 active site.
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Spectral identification (3, 5- di-nitro benzoate betulin)

C, H,NO, % yield 32.39, R, 0.53, Melting point
230°C- 234°C 1H NMR (500 MHz, CDCl ,) 6 0.77-0.76 (d, J
= 8.2 Hz, 3H, -CH,), 0.84-0.82 (d, J = 93 Hz, 3H, -CH,),
0.98-0.96 (m, 6H, -CH ,), 1.02 (s, 7H, -CH,), 1.07 (s, 6H,
-CH,), 1.25-1.24 (m, 2H, -CH,), 1.40-1.39 (d, J= 6.7 Hz, 3H,

-CH,), 1.68-1.67 (m, 4H, -CH,), 1.72-1.71 (m, 7H, -CH,),
2.17 (s, 1H, -CH,), 3.34-3.32 (s, 1H, -CH,), 4.24-4.22 (d,1H,
-CH,), 4.57 (s, 1H, -CH,), 4.63 (s, 1H, =CH), 4.67 (s, 1H,
=CH,), 4.73 (s, 1H, OH), 9.10 (s, 1H, Ar-H), 9.14 (s, 1H, Ar-
H), 9.23 (s, 1H, Ar-H).*C NMR (400 MHz, CDCL,) § 13.73,
15.09, 19.80, 24.79 (d, J = 41.8 Hz), 26.97, 28.44 (d, J = 57.4

0 OH

DCC,DMAP,DCM

F A

O,N 2

Betulin (VA,)

3, 5 dinitrobenzoic acid

4hr stirring, RT

3, 5 dinitro benzoate betulin (VA,)

Figure 6. Scheme 1: synthesis of the designed derivative.
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Figure 7. Anti-promastigote activity as determined by cell percentage and concentration of (A) VA1 and amphotericin B; (B) VA2 and amphotericin
B; (C) EEBU and amphotericin B. The significance level was ****p < (0.0001.
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Figure 8. (A) Cytotoxicity activity as determined by the cell percentage vs. the concentration of VA1, VA2, and amphotericin B; (B) Comparative bar graph
of the percentage cytotoxicity of VA1, VA2, and amphotericin B. The significance level was ****p < 0.0001.
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Figure 9. (A) Cytotoxicity activity graph showing the differences in the percentages and the percentages of cells treated with
EEBU and amphotericin B; (B) Bar graph of the percentage cytotoxicity versus the total concentration of EEBU and amphotericin
B. The significance level was ****p < 0.0001.
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(B) amphotericin B (50 uM), (C) VA1 (betulin) (50 uM), (D) V.
extract of B. utilis (50 M) increase of 100x. The arrow indicat

lic extract. (A) Untreated control,

Figure 10. Anti-amastigote activity of betulin, the semisynthetic derivagive, ai
S ynghetic desivative (50 uM), and (E) EEBU ethanolic
tegnalized parasites.

Hz), 31.36, 34.88 (d, J = 250.7 Hz), 38.21 (d, J = 7,3.(;@6
4
:O)

48.13, 49.32, 54.86 (d, J = 122.4 Hz), 59.46, 6457
121.35, 128.48, 133.08, 148.67, 161.87. IR (KBr&\!
(OH) free, 1751 (C=0), 1583 (C=C) ar ic) 1412 ,
1132 (C-0O). MS (EI, 70 eV) m/z: 639 @T compound
structure is shown in Figure 6 Scheme 1 ementary Figs.
S6-S9).

In vitro anti-leishmanial evaluation

The test samples were evaluated for their ability to
treat L. donovani; VA1, VA2, and EEBU were compared for
their anti-leishmanial efficacy. The IC,; values of VA1 were
58.39 +0.4977 uM, and the IC,, of amphotericin B was 6.463
+0.5220 uM (Fig 7A). The IC, values of compound VA2 and
amphotericin B were found to be 25.20 + 0.4459uM and 5.062
+0.4325 pM, respectively (Fig. 7B). EEBU had an IC, value
of 58.28 + 0.4986 uM, and amphotericin B had an IC; value
of 6.46 £ 0.5220 uM (Fig. 7C). Therefore, VA2 exhibited more
potent results than did VA1 and EEBU. Additionally, the anti-
leishmanial assay revealed that VA2 was more active than VA1
and EEBU.

Ex-vivo cytotoxicity evaluation

The cytotoxic effects of VA1, VA2, and EEBU
on THP-1 differentiated macrophages were evaluated via
incubation at twofold serial dilutions (100400 pM), and
viability was assessed via the MTT assay. The cytotoxicity IC,
values of VA1 and VA2 were found to be 72.9 + 0.9765 and

Table 1. Anti-amastigote activity of the molecules and EEBU.

% reduction
Molecules and

extract Concentration (nM)

5 25 50
Control 0 0
DMSO 0 3.4
VA1 6 28 40
VA2 12.5 42 63
EEBU 11 20 47
Amphotericin B 51 72 93

110.2 £ 0.6858 uM, respectively. The standard drug (control)
amphotericin B had a cytotoxicity IC, value of 171.2 + 0.9389
uM (Fig. 8A and B). The cytotoxicities of EEBU and the
standard drug amphotericin B were found to be 52.45 + 0.1124
and 109.4 £ 0.3835 uM, respectively (Fig. 9 A and B). VA2 is
safer and more noncytotoxic to human macrophages than VA1
and EEBU.

Anti-amastigote activity

The effect of various concentrations of each molecule
on parasite-infected macrophages was examined. The test
sample VA2 reduced the infection of macrophages, and a
substantial effect was observed at 5 uM as compared to EEBU
and VA1 (Fig. 10, Table 1).
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Table 2. Selectivity index of the molecules and EEBU.

Molecules and extract CC,,uM IC,, pM S.I

VA1 72.91 58.39 1.248
VA2 110.2 25.20 4373
EEBU 52.45 58.28 0.899
Amphotericin B 109.4 6.463 16.92

The selectivity indices table no. 2 describes amongst
all test samples, VA2 is more selective than VA1 and EEBU for
L. donovani than the host macrophages.

DISCUSSION

As per the literature survey, naturally occurring
triterpenes from the lupane class, such as betulinic acid, betulin,
and betulonic acid, exhibit leishmanicidal properties [37].
Numerous triterpenoid derivatives were synthesized using the
lupane skeleton as a basis because of its adaptable positions,
which included the hydroxy groups at C-3 and C-28 and the
carbon—carbon double bond at C-20—C-29. These derivatives
were specifically designed with the aim of potentially exhibiting
anti-leishmanial activity. The compounds were examined
against L. donovani axenic amastigotes at a concentration
of 50 uM using a microplate assay. In the microplate assay,
betulin demonstrated considerable anti-leishmanial activity
against L. donovani axenic amastigotes, with 35% inhibition
at 50 uM. Anti-leishmanial activity was often retained when
the hydroxy groups at C-3 or C-28 were acetylated, esteriﬁed
or etherified. Additionally, 3-O-acetyl betulin showed

leishmanial inhibitory action that was similar to
starting material, betulin. Nevertheless, it was dls
were

3, 28-di-O-acetylbetulin and 3, 28- di-O-le
totally ineffective against leishmanial in % efﬁcacy
of derivatives of betulin and betulinic acidtagainst L. donovani

amastigotes has not been extensively reported; IC, values have
been found to be around 8.9 and 30 mM [38]. Additionally,
research on L. amazonensis promastigotes has revealed IC,
values ranging from 44.9 to 69.9 mM [39]. 33-Hydroxy-(20R)-
lupan-29-0x0-28-yl-1H-imidazole-1-carboxylate, the betulin
derivative BT06, showed demonstrated notable effectiveness
against L. infantum, with an IC, value of 50.8 mM.

In the present study, the overall yield of ethanolic
extract was 57.91% and the compound (Betulin) was isolated
and purified by column chromatography by using mobile
phase (toluene: ethyl acetate 90:10). The melting range of the
isolated compound (Betulin) was found to be 242°C-246°C.
The molecular docking study revealed favorable interactions
between amphotericin B, VA1, and VA2 compounds and
the PTR1 enzyme of L. donovani. The ester derivative was
synthesized keeping in view that Leishmania parasite: PTR1
is a crucial enzyme for pterin salvage in the Leishmania
parasite, making it a possible target for an improved anti-
leishmanial activity. Good binding affinity was observed for the
semisynthetic derivative (VA2) THR-146, and GLU-123 with
a docking score of —5.724 kCal/mol as compared to Betulin
(Parent moiety) binding affinity was observed GLU-123 with a

docking score of —2.182 kCal/mol. The in vitro anti-leishmanial
activity against L. donovani and IC_| values were found to be
as follows: VA1 58.39 £ 0.4977 uM, VA2 25.20 + 0.4459 uM,
and EEBU 58.26 + 0.4325 uM, showed significant level ****p
< 0.0001 against L. donovani. However, VA2 exhibited strong
anti-leishmanial activity, as well as was found to be active
against promastigote cells.

In the pursuit of discovering new drugs, it is crucial
that molecules VA1, VA2, and EEBU cytotoxicity IC_ values
were found to be 72. 91 £ 0.9765, 110.2 £+ 0.6858, and 52.45
+ 0.1124 pM showed significant levels ****p < (0.0001
exhibiting anti-leishmanial activity and at the same time do not
induce significant toxicity in host cells. This study employed
a macrophage cell line to evaluate the toxicity of the most
active derivative. We found that VA2 was not cytotoxic to
the macrophage cell line, suggesting that it is safe for use in
mammalian cells and a promising molecule for the discovery of
new anti-leishmanial medicines against Leishmania infections.
It is imperative to mention that VA1 and EEBU are also not
toxic to the macrophage cell line, but comparatively exhibit
less anti-leishmanial activity as compared to VA2. After the
determination of the IC,, the effect of VA1, VA2, and EEBU
was examined on parasite-infected macrophages. The VA2 at 5
uM signiﬁcant reduced the infection of macrophages.

&sw of activity data and molecular docking

analyus \%{ nd that the synthesized compound had the
1n it PTR lenzyme.

C CLUSION

The present study is the first to report anti-leishmanial
act1V1ty of ethanolic extract of B. utilis and semisynthetic ester
derivative (3, 5- di-nitro benzoate betulin). The semisynthetic

derivative (VA2) of isolated betulin tested against L. donovani
was found to be more potent than isolated betulin (VA1) or the
ethanolic plant extract (EEBU) of B. utilis. The amphotericin
B was taken as a standard in the present study. Docking studies
revealed that VA2 interacts more strongly with the receptor site
and has the potential to inhibit L. donovani PTR lenzyme. In the
future, novel ester derivatives of betulin need to be designed,
synthesized, and evaluated against anti-leishmanial activity
with less toxicity in macrophage cell lines or in human host
cells. Furthermore, animal studies are required to support in
vitro evaluation against L. donovani.
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