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A simple synthesis and in vitro antileishmanial activity of 29,30-dibromo-28-oxoallobetulin against the parasitic
protozoans, Leishmania donovani and Leishmania major is described. The structure of the compound is established
on the basis of spectral data (IR, NMR, MS). Both the antiproliferative effect and the cell cycle progression were

studied.
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Leishmaniasis constitutes a group of human diseases
caused by obligate intracellular protozoan parasites
of genus Leishmania. It is the second most parasitic
disease in the modern world, behind malarial'l. The
parasites are transmitted between mammalian hosts
by phlebotomus (Old World) and Lutzomyia (New
World) sandflies. The disease Leishmaniasis affects the
populations of 88 countries worldwide with symptoms
ranging from disfiguring cutaneous and mucocutaneous
lesions that can cause widespread destruction of
mucous membranes to visceral disease affecting the
haemopoetic organs. The disease leishmaniasis is
present in four clinical forms: (i) visceral leishmaniasis
(VL) or Kala Azar, (ii) cutaneous leishmaniasis
(CL), (iii) mucocutaneous leishmaniasis (MCL)
and (iv) diffuse cutaneous leishmaniasis (DCL).
Leshmaniasis has a worldwide distribution with
important foci of infection in Central and South
America, Southern Europe, North and East Africa, the
Middle East and the Indian subcontinent. In recent
times the main foci of VL are in Sudan and India.l*

Till today some antimony containing drugs are
generally used to treat leishmaniasis. The toxicity
of the available drugs and the emergence of strains
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that are not responsive to drug therapy make the
discovery of novel therapeutic agents imperativel®*. In
recent years, various new compounds with profound
antileishmanial activity have been reported. Various
compounds, such as atovaquonel!, WR6026!°,
licochalcone A!"), ilmfosine!® and formycin B[
have been reported to inhibit Leishmania donovani
infection, the causative agent of visceral leishmaniasis.
Unfortunately, all such compounds are effective
only at higher doses and none of them have been
recognized as oral drugs. Recently miltefosine
(hexadecylphosphocholine or HPC), originally
developed as anticancer agent, has been introduced
as an effective antileishmanial drug. However,
miltefosine-associated gastrointestinal toxicity and
teratogenicity have already been identified during
clinical trials in India. Long half-life of the drug
might also encourage the emergence of resistance, as
evidenced from selected miltefosine resistant line of
L. donovani and L. tropica in vitro is also another
concern!!®. Moreover, cases indicating the relapse of
the disease, even after ten months of a full course of
treatment with miltefosine!"!! prompted the researchers
in searching novel molecules active against the
Leishmania infection. Therefore, development of
new chemotherapeutics with lower toxicity and
higher efficiency is the high demand in contemporary
medicinal and pharmaceutical sciences.
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Triterpenoids are widely distributed throughout
plant kingdom in different skeletal frame work.
These are the plants secondary metabolites and
have defensive physiological function.Due to their
molecular complexity and diversity, secondary
metabolites from natural sources, mainly plants, still
inspire the design of drugs. In this context scientists
throughout the world have reported potential activity
of these compounds against different diseases!'?!*
and leishmania parasite!'*!¢. People have so far
reported the antileshmonial activity of betulinic
acid (1, fig. 1), a lupane derived triterpenoid.
Because of its good activity it is now considered as
a very promising new chemotherapeutic agent for the
treatment of leishmniasis.

In 1995, it was established that allobetulin (2, fig 1),
a pentacyclic triterpenoid, showed modest inhibitory
activity against theinfluenza B virus. It was claimed
in the patent literature that different derivatives of
allobetulin, including 2 and its 3-O-acylated and
phosphorylated derivatives exhibited significant
antiviral activity and could be used to treat herpes
virus (HSV-herpes simplex virus) infection!'”). Also in
2002, 28-oxoallobetulin was shown in cell culture to
inhibit influenza A growth!'® and several allobetulin
derivatives showed good cytotoxicity!'®!. But there is
no report relating to the antileishmanial activity of
allobetulin or its derivatives.

Over the years insertion of halogen atoms has
been used in several cases of hit-lead or lead to
drug conversion. From the medicinal chemistry
perspective, insertion of bulky groups into BioNCEs
like halogens can induce antagonistic or agonist
effects in comparison with the original BioNCEs**22],
Therefore, incorporation of bromine atom instead
of chlorine may lead to cause more volumetric and
conformational changes in the target molecules.
Previously Moreau et al. had reported?! the
encouraging antitopoisomerase | and cell apoptosis

Fig. 1: Structures of 1. betulinic acid and 2. allobetulin.

March - April 2015

effects of the dibrominated imide derivative of natural
metabolite rebeccamycin. Cytotoxicity of several
bromo derivatives have also been reported?”. The
synthesis of brominated ecdysteroids suggested that
this kind of brominated derivatives could be used as
genetic modulator for controlling pests.

In view of this and in continuation of our research
on transformation of naturally occurring triterpenoids
to potential bioactive molecules?, here we are
reporting the antileishmanial activity of a prepared
bromo derivative of allobetulin against different
strains of Leishmania; Leishmania donovani AG83
(MHOMY/IN/83/AG83), causative agent of visceral
leishmaniasis; a field isolate Leishmania donovani
MS10, causative agent of visceral leishmaniasis;
Leishmania major LV39 (MRHO/Sv/59/P strain),
causative agent of cutaneous leishmaniasis.

MATERIALS AND METHODS

Betulinic acid was isolated from the bark of Biscofia
javanica through Soxhlet apparatus in toluene. All
the chemicals, solvents used were reagent grade and
purified, where applicable, prior to their use. Melting
point was detected in open capillary method and
was uncorrected. IR spectra were taken in Shimadzu
8300 FT-IR spectrophotometer in KBr disc. The
NMR chemical shift was reported in ppm relative to
7.20 and 77.0 ppm of CDCI, solvent as the standards.
'H spectra were recorded in 300 MHz frequencies
and 3#C NMR spectra were recorded in 75.4 MHz
frequencies. Coupling constant J was calculated in Hz.

29,30-dibromo-28-oxoallobetulin, 3:
N-bromosuccinimide (NBS) in CCIl,-CHCI,
(1:1 mixture) was treated with the methyl ester of
betulinic acid at room temperature for 48 h. The
reaction mixture was then filtered and solvent was
recovered in reduced pressure. It was then poured
into ice cold water, a white precipitate appeared
that on purification over a column of silica gel gave
29,30-dibromo-28-oxoallobetulin (3), in 22 % yield.
The synthesis was presented in Scheme 1.

IR at 3452 (-OH), 2942, 2858, 1764 (lactone
carbonyl), 1724, 1453, 1380 (gem dimethyl),
1024, 668 cm™, molecular ion peak at m/z

614 corresponding to the molecular formula of
C,H,Br,O,, 'HNMR §, 0.71 (24-Me), 0.79 (25-Me),

300746273
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Scheme 1: Synthesis of compound 3, 29,30-dibromo-28-oxoallobetulin.

0.84 (23-Me), 0.86 (27-Me) and 0.92 (26-Me), §, 3.15
(m, 1H,) and §, 3.48 (m, 2H) and 3.65 (m, 2H).

Antiproliferative effect on parasitic protozoa
Leishmania donovani and Leishmania major:

The cytotoxicity assay was performed on three
different strain of Leishmania sp. in three
independent experiments as per the guidelines
of biosafety committee of West Bengal State
University. Leishmania donovani AG83 (MHOM/
IN/83/AG83) was originally obtained from Indian
Institute of Chemical Biology, Kolkata, India®!.
Leishmania donovani MS10, a field isolate, was
obtained from IPGMER, Kolkata, India as a gift.
L. donovani MS10 strain was an isolate recently
transformed from L. donovani-infected patients from
the geographical location of West Bengal, India.
Leishmania major LV39 (MRHO/Sv/59/P strain) was
obtained University of Lausanne, Switzerland as a
gift?¥. The parasites were maintained in the animal
facility as per the guidelines of institutional animal
ethics committee of West Bengal State University.
Promastigote morphs of Leishmania sp. were
transformed from intracellular amastigotes, acquired
from splenic aspirates of infected BALB/c mice in
complete M 199 medium (Invitrogen) supplemented
with 1% penicillin-streptomycin (Invitrogen) and
10% FCS (GIBCO) at requisite temperature, 22°
for L. donovani (AG83 and MS10) and at 26°
for L. major LV39. To estimate the percentage of
inhibition the derivative, the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) micro
method was used, as described previously™™!. Briefly,
late-log-phase promastigotes were seeded in a 96-well
flat-bottom plate (200 pul per well; BD Falcon) in
complete M 199 medium in presence or absence of
the derivative. To examine the effect of compound 3,
the cultures were additionally supplemented without
(DMSO control) or with increasing concentrations
of the derivative (5 to 25 ug/ml) soluble in DMSO
(0.2% v/v). Equal volume of DMSO only was added
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in control experiments. After 72 h of incubation
in requisite temperature, MTT (10 mg/ml, 10 pl
per well) was added to each well and the plates were
incubated for an additional 4 h at 37°.The enzyme
reaction was then stopped by addition of acidic
isopropanol (0.4 ml 10 N HCI in 100 ml isopropanol,
100 pl per well), and the absorbance was measured
at 570 nm. Degree of cytotoxicity of conventional
antileishmanial drug, sodium antimony gluconate
(SAG), was also measured on Leishmania donovani
AG83*! at the increasing concentration of 5 ug/ml to
25 pg/ml. Percent inhibition was measured in respect
to the proliferation of Leishmania promastigotes of
DMSO control group®!. Statistical analyses for all
experimentswere performed by Student’s test with the
program Sigma Plotusing alpha adjustment.

Analysis of cell cycle progression:

The nuclear DNA content of a cell can be
quantitatively measured at high speed by
flow cytometry. Initially, a fluorescent dye that
binds stoichiometrically to the DNA is added
to a suspension of permeabilized single cells or
nuclei. The principle is that the stained material
has incorporated an amount of dye proportional to
the amount of DNA. The stained material is then
measured in the flow cytometer and the emitted
fluorescent signal yields an electronic pulse with
a height (amplitude) proportional to the total
fluorescence emission from the cell. Thereafter, such
fluorescence data are considered as measurement of
the cellular DNA content. For flow cytometry analysis
of DNA content, exponentially grown L. donovani
promastigote cells (2x10°) were incubated without
or with 10 pg/ml and 15 pg/ml of test compound
in complete M199 media for 48 h. Cells were then
harvested and washed three times with 1X PBS, fixed
in 45% ethanol (diluted in 1X PBS), treated with
500 pg/ml RNAse A and then suspended in 0.5 M
sodium citrate containing 69 uM PI. These samples
were analyzed through flow cytometry (Becton and
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Dickinson, USA) after keeping them in the dark for
45 min®.

RESULTS AND DISCUSSION

The modifications in the present work focused on the
introduction of a halogen atom namely bromine into
the pentacyclic triterpene skeleton. The compound
29,30-dibromo-28-oxoallobetulin was previously
synthesized from methylbetulinate in a reaction
that took at least ten days without any report of
its biological activity. The present synthetic method
involves the treatment of N-bromo succinimide (NBS)
in CCl,-CHCI, (1:1 mixture) on the methyl ester of
betulinic acid efficiently in 22 % yield. Betulinic acid
was isolated from the bark of Biscofia javanica by
Soxhlet extractor.

Methyl ester of betulinic acid was treated with
recrystallized NBS in a 1:1 mixture of CCl,-CHCI,
for 48 h. Purification of the reaction mixture over
a column of silica gel (60-120 mesh) gave a white
powdered compound of melting point 285°. In the IR
spectrum it gave peaks at 3452 (-OH), 2942, 2858,
1764 (lactone carbonyl), 1724, 1453, 1380 (gem
dimethyl), 1024, 668 cm™. In the mass spectrum it
showed a molecular ion peak at m/z 614. In the mass
spectrum three distinct peaks atm/z 612, 614 and 616
appeared in the ratio of 1:2:1, thus signifying the
presence of two bromine atoms in the synthesized
molecule. From the elemental analysis and mass
spectral data the molecular formula was determined
to be C, H,Br,0..

In the *H NMR spectrum it showed the presence of
five methyl groups at §, 0.71 (24-Me), 0.79 (25-Me),
0.84 (23-Me), 0.86 (27-Me) and 0.92 (26-Me). The
absence of any methyl peak beyond 5, 1.00 (C-30
methyl group of the isopropelene side chain of
lupane skeleton) signified that during the reaction
rearrangement of the isopropelene side chain could
have been take place at the E ring of the pentacyclic
triterpenoid. The oH at C-3 appeared as a multiplet
centered at §, 3.15 (m, 1H). Upto this it was clear
that the two newly incorporated bromine atoms might
be at C-29 and C-30. This assumption was supported
by the presence of two multiplets each with an
integration of two protons centered at §, 3.48 (m, 2H)
and 3.65 (m, 2H). The presence of bromine atoms
might be the chief cause for the observed deshielding
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of the two methylene groups. Another sharp singlet at
5, 4.29 (s, 1H) with an integration of one proton was
due to the lactonic proton at C-19.

The #C NMR spectrum indicates the presence of
30 carbon atoms. The lactone carbonyl appeared
at 5. 178.6 and the two bromine bearing carbon
atoms appeared at §_ 78.9 and 65.5. C-3 appeared
at 5. 80.9. All other peaks are in agreement to
that of the allobetulin skeleton. All these data can
only be explained by considering structure 3 to the
synthesized compound.

Antiproliferative effect of 3 was evaluated on
Leishmania donovani, causative agent of visceral
leishmaniasis and Leishmania major, causative
agent of cutaneous leishmaniasis (fig. 2). It has
been estimated that 25 pg/ml derivative inhibit the
L. donovani AG83 promastigote proliferation by
63.27 % (P<0.001) in respect to DMSO control
(Table 1). At the same dose the conventional drug
SAG inhibited only by 10.02% in respect to DMSO
control. Significantly, it has been found that 3 could
inhibit the L. donovani MS10 strain, a field isolate
obtained from an active visceral leishmaniasis
patient very recently, by 85.92% (P<0.001) in
respect to DMSO control. However, the effect of 3
was found costly against L. major LV39, causing
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Fig 2: Antiproliferative effect of compound 3 on three different
strains of Leishmania donovani.

Antiproliferative effect of compound 3 i.e. 29,30-dibromo-28-
oxoallobetulin on three different strains of Leishmania donovani
AGS83 (a), Leishmania major LV39 (b), Leishmania donovani
MS10 (c) by MTT assay. Viability was determined relative to
untreated control cells. Effect of 3 was compared with conventional
antileishmanial drug sodium antimony gluconate (SAG) on
Leishmania donovani AG83 (d). Each point corresponds to the
mean+SD of at least three experiments in duplicate. —#— (a),
—O— (b), =¥ (c), = (d).
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39.22% (P<0.001) inhibition in respect to DMSO
control. Our data clearly indicated that 3 have a
noteworthy antiproliferative effect on L. donovani
AG83 and MS10 strain. We assumed that the finding
is significant as 3 is highly effective against the
recently isolated Leishmania donovani from active
visceral leishmaniasis patient and should be further
investigated for its immunomodulatory consequences.

Cell-cycle analysis complemented the previous data
obtained by MTT assay. It demonstrated that at 48 h
of culture, both 10 and 15 pg/ml of test compound
caused L. donovani promastigotes to remain as resting
G0/G1 (M2) cells and inhibited their entry into the S
phase (M3). The percent dead cells (M1) increased
during this incubation period and growth arrest was
also visible. Test compound at a concentration of
10 pg/ml started to block the entry of L. donovani
promastigotes into S phase from G0/G1, however,
at 15 pg/ml completely blocked the entry dose
dependently (Table 2 and fig. 3). Both doses caused
substantial increases in cell death, compared with
DMSO treated cultures. Our results suggested that
29,30-dibromo-28-oxoallobetulin, 3 preferentially
active against L. donovani promastigotes at inducing
cell-cycle arrest followed by death in vitro.

We have developed a simple method for the synthesis
of 29,30-dibromo-28-oxoallobetulin. The compound
can inhibit the growth of L. donovani AG83
promastigote proliferation by 63.27% (P<0.001)
in respect to DMSO control. At the same dose the
conventional drug SAG inhibited only by 10.02% in
respect to DMSO control. Our results suggested that
compound 3 preferentially active against L. donovani
promastigotes at inducing cell-cycle arrest followed
by death in vitro. We assumed that the finding
is significant as 3 is highly effective against the

TABLE 1: PERCENTAGE OF PROLIFERATION
INHIBITION OF LEISHMANIA PROMASTIGOTES IN
RESPECT TO DMSO CONTROL

Leishmania sp. (pg/ml) % of inhibition vs. P value
DMSO control

Leishmania donovani AG83

(MHOM/IN/83/AG83)
SAG 5 1.375 NS
SAG 10 2.275 NS
SAG 15 5.45 NS
SAG 20 9.8275 NS
SAG 25 10.0275 NS

Leishmania donovani AG83

(MHOM/IN/83/AG83)
B6 5 20.6675 <0.012
B6 10 37.56 <0.004
B6 15 46.5325 <0.001
B6 20 58.1075 <0.001
B6 25 63.2775 <0.001

Leishmania major LV39

(MRHO/Sv/59/P strain)
B6 5 21.4925 <0.014
B6 10 29.775 <0.023
B6 15 29.92 <0.003
B6 20 36.8975 <0.004
B6 25 39.22 <0.001

Leishmania donovani MS10 strain
B6 5 9.555 <0.011
B6 10 27.7925 <0.004
B6 15 37.5775 <0.001
B6 20 78.1645 <0.001
B6 25 85.925 <0.001

DMSO: Dimethyl sulphoxide, NS: nonsignificant, SAG: sodium antimony gluconate

TABLE 2: THE PERCENTAGE OF CELLS IN DIFFERENT
PHASES OF LIFE CYCLE AFTER TREATMENT WITH TEST
COMPOUND

L. donovani AG83 M1 (sub M2 (GO/G1 M3 (S/G2/M

incubated with GO0/G1 or or resting or replicating
dead) (%) phase) (%) phase) (%)

DMSO alone 7.4 67.8 24.3

10 pg/ml compound 13.7 67.1 18.6

15 pg/ml compound 21.4 59.7 17.8

DMSO: Dimethyl sulphoxide

DMSO Control 10 ng/ml compound 15png/ml compound
& & &
# # #
a_ §_ %_ M2 59.7%
88 88 H
# & & |m w
8 8 8 %
@ EE EE
“ 0 % - - L 0 "w »
PHA (c1.000) PHA (x1.000)

Fig.3: Effect of test compound on L. donovani AG83 promastigotes.

L. donovani AG83 promastigotes (2x10%ml) were incubated with DMSO (0.2%), 10 and 15 pg/ml of test compound (dissolved in DMSO) in
complete M199 media at 22°, and analyzed for DNA content by flow cytometry as described in experimental section.
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recently isolated Leishmania donovani from active
visceral leishmaniasis patient and should be further
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investigated for its immunomodulatory consequences. 13.  Ghosh P, Mandal A, Ghosh J, Pal C, Nanda AK. Synthesis of bioactive
28-hydroxy-3-oxolup-20(29)-en-30-al with antileukemic activity. J Asian
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