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Background:  Investigation  for  a naturally  occurring  anti-obesity  drug  has  become  the  need  of  society  all
over  the  world.  Betulinic  acid  (BA)  is a  lupane-type  pentacyclic  triterpene  and  is  sourced  from  various
organisms.  This  high  potential  biologically  active  molecule  is  reported  to  have  anti-obesity  effect.  In this
study,  we  report  the  molecular  mechanism  of action  of  BA  that  underlies  anti-obesity  activity  and  also
an improved  method  of its  isolation  common  teak  tree.
Methods:  Mouse  pre-adipocyte  cells  were  used  to  develop  hyperlipidemic  conditions  in vitro.  Change
in  expression  of  genes  associated  to  adipogenesis  was  checked  using  quantitative  real-time  PCR  (qPCR).
Co-factor  specificity  of PPAR  gamma  was  analyzed  through  immune  precipitation  and  immunoblot.
Results:  Betulinic  acid  was  found  to be  effective  in  reducing  the lipid  content  in  3T3L1  cells.  Level  of  PPAR
gamma  and  LXR  alpha  was  reduced  in  connection  to reduced  adipogenesis.  Change  in  steroid  responsive
co-activators  (SRCs)  during  BA treatment  proved  that the  compound  can  impart  profound  change  in

co-factor  selectivity,  which  is crucial  in determining  the  activity  profile  of PPAR  gamma.  BA treatment
enhanced  the  SRC-1  interaction  with  PPAR  gamma  while  reducing  the levels  of  SRC-3.
Conclusion:  Present  study  has proved  that  betulinic  acid,  a promising  candidate  in anti-obesity  drug
development,  has potential  in regulating  the  activity  of  PPAR  gamma  through  co-factor  modulation.

.  Publ
 Scien
© 2019  The  Authors
for  Health

ntroduction

Obesity has become a major health problem in worldwide in
1st century. According to the World Health Organization (WHO),
.2 billion people worldwide are officially classified as overweight.
besity is a major health threat in both low- and high income
ountries. Kingdom of Saudi Arabia is showing a high preva-
ence to obesity and overweight over the past few decades due
o many factors such as changed life style induced by western-

zation, less physical activity, increase in stress and also of high
ocio-economic status. There are studies published recently point-
ng out the increase in obesity associated diseases such as diabetes,
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CVD and cancer among Saudi population [1]. An immediate action
in many aspects is required to address the issue from academi-
cians, public health departments and social workers. The primary
level treatment strategies for obesity mainly rely on diet con-
trol, exercise and public awareness. Even though these are low
cost and minimal risk options, they do not generally end up in
marked or sustainable weight loss. Effective psychological thera-
pies, like cognitive behavioral therapy, which requires a dedicated
lengthy in-person counseling and planned steps cannot be easily
implicated on a mass scale [2]. The search for why Asian-Indian
communities are more susceptible to the condition still contin-
ues. The concept of ‘thrifty genotypes’, epigenetic factors that
influence health during in-utero environment, socio-economic fac-

tors, maternal nutrition etc. are suspected to drive this metabolic
evil [3,4].
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Fig. 1. Chemical st

Adipose tissue comprised of adipocytes, is a loose connective
issue found in stereotypical depots throughout the body. Adi-
ose tissue is a complex and heterogenic tissue exhibiting high
ariability and appears to have multiple functions, especially in
etabolic regulation. Most of our understanding on molecular

asis of adipocyte differentiation and adipogenesis comes from
n vitro studies of fibroblasts and pre-adipocytes [5]. Mature white
dipocytes comprise of large lipid droplets which cover majority of
ell volume, leaving cytoplasm and nucleus to periphery. Increased
nergy expenditure and fasting leads to hydrolysis of fatty acids [6].

Natural ingredients and medicinal plant preparations may
nhance satiety, boost metabolism, and speed up weight loss [7,8].
etulinic acid (BA) is a naturally occurring pentacyclictriterpene.

n this study, we isolated betulinic acid from Tectona grandis. The
urity and structure was confirmed by spectroscopic methods. BA

s reported to have anti-obesity effect and can act as a PPAR gamma
ntagonist [9]. Being a versatile nuclear factor, it is well docu-
ented that the activity spectrum of PPAR gamma  is regulated by

imely interaction of co-activators and co-repressors [10]. To prove
he effect of betulinic acid in reducing adipogenesis through PPAR
amma  modulation, we checked the change in co-factor speci-
city effect due to BA. Physical interaction of co-factors with PPAR
amma  and the changes correlated to BA activity were analysed.
A treatment enhanced the SRC-1 interaction with PPAR gamma
hile reducing the levels of SRC-3.

aterials and methods

xtraction, purification and structural elucidation of betulinic acid

The plant material after collection was washed, shade dried,
owdered and stored in moisture free condition for further pro-
essing. 200 g of finely powdered bark was used for extraction
rocess using soxhlet apparatus. Extracts taken with hexane
0.49%, w/w), chloroform (1.2%, w/w), ethyl acetate (0.95%, w/w)
nd methanol (1.66%, w/w) were concentrated by lyophilization
nd stored at −200◦C. Chloroform extract of bark was selected
or isolation of toxic compound based on preliminary studies.
fter de-fatting with hexane, the extract was dissolved in chlo-
oform and methanol (1:1). By centrifugation at 8000 rpm for
0 min, insoluble particles were removed from the extract. Super-
atant collected and dried in vacuo. It was then re-dissolved in
HCl3–MeOH (2:1). On drying at RT, crystalline structures devel-
ped were removed by filtration with ordinary filter paper. The
rocess was repeated three times for effective crystallization and

urification of compound (Fig. 1B). NMR  spectra including 1H, 13C
nd DEPT experiments were recorded on 500 MHz  spectrometer
AvanceII 500, Bruker) with TMS  as internal standard. Fab-Mass
pectrum was recorded with JMS  600H (JOEL, Japan). IR spec-
e of betulinic acid.

trum of compound was taken in Spectrum 100 (Perkin Elmer,
Beaconsfield, UK).

Animal cell culture

Cell lines selected for the study include Chick Embryo Fibro-
blast (CEF), Mouse fibroblast (L929), Mouse pre-adipocyte (3T3L1),
Mouse myoblast (C2C12) and four cancerous cell lines– Human
colon cancer (HCT 119), Naso-pharyngeal (KB), Liver carcinoma
(HepG2), MCF  and HEK293. CEF cells were dissected out from 8 to
12 days old chick embryo under aseptic conditions. Cells were cul-
tured in MEM  with 1% antibiotic-antimycotic mix  and 10% fetal calf
serum. HEK 293 and KB cells were grown in DMEM supplemented
with 10% serum and 1% antibiotic-antimycotic mix. All cultures
were maintained at 37 ◦C in a humidified atmosphere in a 5% CO2
incubator.

MTT assay

As part of preliminary analysis, cytotoxic effect of crude extracts
from bark was checked against CEF and HEK 293 cells. MTT assay
was carried out as previously described protocol [11]. Briefly,
5 × 104/ml  cells were seeded at log phase in 24 well plates and
incubated overnight. Growth media was removed and fresh media
added with extracts at different concentration (0.5, 5, 12.5, 25
and 50 �g/ml) or DMSO as control and incubated. Isolated pure
compound was  checked for activity within 1–200 �M concentra-
tions. Volume of DMSO with sample was  restricted to 0.1% to
avoid solvent-induced cytotoxicity. Sample containing media was
removed and cells incubated with MTT  for 3–4 h. Crystals devel-
oped were solubilized by shaking in DMSO. Absorbance measured
at 570 nm using UV–vis. spectrophotometer (UV-1700, Shimadzu,
Japan). Percentage of cell viability was  calculated and plotted
against concentration. BA was checked for cytotoxicity against CEF,
HEK 293, KB and HCT 119 cell lines by MTT  assay.

Adipocyte differentiation and experimental set up

3T3-L1 cells were cultured in DMEM with 10% fetal bovine
serum, 100 U/ml penicillin, 100 �g/mL of streptomycin and
0.25 �g/ml of amphotericin B, denoted as Media M1, in 5% CO2
incubator at 37 ◦C in a humidified chamber. 3T3L1 cells were sub-
jected to differentiation as per the protocol described elsewhere
[12]. Briefly, cells were differentiated in media designated M2  (M1+

insulin (1.7 �M),  dexamethasone (10 �M)  and IBMX (500 �M)  and
was changed to media M3  (M1+ insulin (1.7 �M)  only) after every
48 h. Effect of betulinic acid was  checked at 1, 5 and 10 �M concen-
tration at D0 and D10 of differentiation.
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ig. 2. (a) Cytotoxicity of different extracts of teak bark against chick embryo fibrob
s  mean ± SD.

il red O staining

To check the lipid droplet formation, 3T3L1 cells were differen-
iated for 8 to 10 days in media M3  under different experiment
onditions. With slight modifications from previously described
rotocol, lipid droplets were stained with oil red O [12,13]. Briefly,
tock solution was prepared by dissolving 0.5 g of dye in 100 %
sopropanol. After dissolving, 60 volume of stock was  mixed with
0 volume of water to prepare the working solution. The solution
as mixed well and filtered with Whatman No.1 filter paper after

ne hour incubation at room temperature. Cells were washed twice
ith PBS and fixed with paraformaldehyde. Following 15 min  incu-

ation, cells were washed with PBS and 60% isopropanol in water.
lates were allowed to dry in airflow for a few minutes. Working
oncentration of oil red O stain was added and incubated for one
our at 37 ◦C. After incubation, the remaining solution was pipette
ff and cells washed with PBS. Images were taken with camera
ttached microscope (Eclipse Ti, Nikon, Japan) and the lipid bound
tain was dissolved in 100% isopropanol with shaking for one hour.
bsorbance was  read at 560 nm using microplate reader (Infinite
00, Tecan, USA). All measurements were done in triplicate and
alues plotted as average with SD.

NA isolation and RT-PCR

For RNA isolation, cells were isolated for 10 cm petri dishes. RNA
as isolated using Trizol reagent (Ambion, Carlsbad, USA) as per the
anufacturer’s instruction.

mmunoblot analysis

Protein levels of nuclear factors like PPAR�2 and LXR� and
uclear co-factors such as NCoA-1 and 3 were assessed after separa-
ion of total cell lysate by SDS-PAGE. After separation, proteins were
ransferred to immobilion-P-PVDF membranes. Concentration of
ntibodies and procedure was done as per the protocol described
reviously [12].

mmuno-cytochemical studies using confocal microscopy

Cells were seeded (2 × 104/well) in 96 well black walled bio-
maging plate (BD Bioscience, USA) and incubated to confluence.
ifferentiated cells with and without BA treatment (10, 50 �M)

ere stained with PPAR�2 antibody. As a positive control, cells
ifferentiated in presence of rosiglitazone were also kept. Undif-
erentiated cells were grown in Dulbecco’s Modified Eagle’s Media
DMEM) devoid of differentiation mix. Immunocytochemical stain-
lls and (b) HEK293. Experiments were performed in triplicate and values expressed

ing was  performed as per standard protocol [14] (Maldie, 2008).
Briefly, cells were washed twice in Kreb’s Ringer Buffer (KRB, pH
7.2). After fixing in 4% formaldehyde, cells were washed in glycine
containing buffer. For permeabilization and blocking, cells were
incubated in KRB with 3% goat serum and 0.1% saponin for 45 min.
Cells were washed thrice and incubated for 60 min  in presence of
mouse raised anti PPAR-� antibody at 1:300 dilution. After wash-
ing thrice in KRB pH-7.2, cells were incubated for 60 min  in goat
raised anti-mouse IgG-FITC conjugate. Cells were washed thrice in
KRB and kept in HEPES containing buffer for spinning disc confo-
cal imaging (Pathway 855, BD Bioscience, CA, USA). Images were
analysed with Image Data Explorer (BD-IDE, BD Bioscience, USA).

Statistical analysis

The means and standard errors were calculated from three inde-
pendent experiments. The statistical significance was determined
by ANOVA (student’s t-test). A difference in P-value of <0.05 is
considered as significant.

Results and discussion

Structural characterization of betulinic acid

Results from published studies indicate that chloroform extract
of bark was highly toxic among hexane, chloroform, ethyl acetate
and methanol extract of leaf, bark and wood of teak [15]. Based
on that, chloroform extract was  selected for activity guided frac-
tionation and led to the isolation of a pure compound with potent
cytotoxicity. Comparing UV spectra, NMR, FAB-MS and IR data
with reference led us to conclude that the compound is a pen-
tacycliclupane type triterpene, 3�-hydroxy-lup-20(29)-en-28-oic
acid (betulinic acid) (Fig.1).

Betulinic acid (BA): �max: 240 (0.05), �max: 3456 ( OH), 2936,
1684 (C = 0), 1449, 1235, 1031 ( OH), 882 cm−1 (Fig. 3.10); Fab+-
MS m/z  (rel. int.): 456 [M+] (10), 438 [M+-H2O] (5), 440 [438 + 2H+]
(5), 410 [438-C = O] (4), 394 [438-CO-CH3] (5), 189 [M+  C14H5O]
(35), 173,145,135, 119, 105 (Supplementary Fig. S1). Proton NMR
(500 MHz, CDCl3) gave peaks at �H: 0.75, 0.81, 0.93, 0.95 and 0.97
corresponding to vinyl methyl, �1.68 for exo-methylene at C-30,
�1.2-2.2 (m,  other aliphatic ring protons), �3.19 (dd, 1H), �4.726
and 4.729 (br s, 1H each, on methylene group at C29). 2.25, 3.0,
3.19 (dt, H on C13, C19 and C-3 respectively) (Supplementary

Fig. S2). 13C NMR  (�, ppm): 38.69 (C-1); 27.13 (C-2); 78.92 (C-
3); 38.78 (C-4); 55.32 (C-5); 18.25 (C-6); 34.29 (C-7); 40.65 (C-8);
50.51 (C-9); 37.09 (C-10); 21.85 (C-11); 25.5 (C-12); 38.27 (C-13);
42.41 (C-14); 30.56 (C-15); 32.22 (C-16); 56.19 (C-17); 46.93 (C-
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ig. 3. Cytotoxicity of BA against a panel of normal and cancerous cell lines. Different
oncentrations of BA showing toxicity against cell lines are expressed in percentage
f  toxicity. Values expressed as mean ± SD.

8); 49.19 (C-19); 150.66 (C-20); 29.64 (C-21); 37.14 (C-22); 27.88
C-23); 15.3 (C-24); 15.8 (C-25); 16.05 (C-26); 14.62 (C-27); 179.24
C-28); 109.46 (C-29); 19.27 (C-30). Counts of CH3 (6), CH2 (11)
nd CH (6) (Supplementary Fig. S3) were also compared based on
EPT results (Supplementary Fig. S4).

ytotoxicity of bark extracts and BA

Toxicity of extracts from bark of teak was tested against Chick
mbryo Fibroblast (CEF) and Human Embryonic Kidney (HEK 293)
ells as a preliminary analysis. Chloroform extract was found to
e more active against both cells with more than 85% inhibition
gainst CEF and more than 95% inhibition against HEK 293 at min-
mum concentration compared to other extracts (Fig. 2a & b)

Based on activity guided fractionation of bark extract, BA
as isolated and its antiproliferative effect was  checked within

–200 �M concentrations. The cell lines selected for the study
nclude four normal cell lines viz., CEF, L929, C2C12, 3T3L1; four
ancerous cell lines namely KB, HCT119, HepG2, MCF  and one
mmortalized normal cell line, HEK293. IC50 value of the com-
ound was determined by plotting percentage of toxicity against
oncentration of compound tested (Fig. 2). Percentage of cell via-
ility was calculated by MTT  assay. The compound was able to
educe the viability of CEF (IC50 – 5 �M),  HEK293 (IC50 – 49 �M)
nd KB (IC50 – 130 �M)  cells very effectively. It was  able to show
oxicity against most of the cell lines treated and is given in decreas-
ng order of toxicity – MCF  7 (IC50 – 142.5 �M)>HepG2 (IC50 –
60 �M)>3T3L1 (IC50 – 192 �M)  > L929 (IC50 – 197 �M)  > C2C12
IC50 > 200 �M)  > HCT119 (IC50 > 200 �M).

A study on cytotoxicity of bark extracts of the T. grandis has
een reported by few other groups [15–17]. Detailed work on the
hytochemical constituent leading to cytotoxicity has not yet been
eported from this plant. A study conducted by Neamatallah et al.
18] on bark dust of teak revealed the presence of juglone with
ntimicrobial activity. Yield of this compound from bark of T. gran-
is has been calculated as 1.3 g Kg−1 dried powder. Apart from
he solvent extraction, partition and chromatographic separation

ethod which has been reported in earlier studies [18–20], this
aper describes an improved method of isolating BA in pure form
y solvent wash of extract and crystallizing.

ose dependent inhibitory effect of BA on adipogenesis
To evaluate the anti-obesity effect of BA, concentration below
0 �M (1, 2, 5, 10 �M)  was taken and administered along with
ifferentiation mix  as mentioned in materials and methods.
esults showed that BA was able to inhibit lipid accumulation
nd Public Health 12 (2019) 726–732 729

in a dose-dependent pattern compared to differentiated control
and rosiglitazone treatment (Fig. 4). Lipid droplets and cellular
hypertrophy was  reduced up on increase in concentration of BA.
Representative images and those stained with oil red O stain are
shown in Fig. 4A (i–v) and 4C (I & II). Earlier, Kim et al. [21] has
reported the pancreatic lipase inhibitory effect and adipocyte lipol-
ysis potential of betulinic acid after oral administration in mice
models. BA is shown to have PPAR gamma  antagonistic effect
resulting in reduced adipogenesis and promoting osteogenesis [9].
Binding potential of betulinic acid and two structurally modified
forms towards PPAR� has showed that the modified forms of BA
was able to activate PPAR� more effective than the parent molecule
in pancreatic cancer cells [22].

Betulinic acid restored pre-adipocyte morphology of 3T3L1 after
MDI induced adipogenesis

We investigated the ability of BA to reverse MDI  induced mor-
phological changes in 3T3L1 preadipocyte. Cells were grown as
mentioned in the previous section. Growth was  continued for 8
days. Lipid droplet accumulation was clearly visible on microscopic
analysis. From the 9th day onwards, post differentiation media
was continued with 10 �M BA and continued till 14th day. Results
showed a very significant reduction in lipid droplet content com-
pared to MDI  treated control cells (Fig. 4D).

The results proved the potential of BA as a potent anti-obesity
drug as it was able to reverse the lipid content in adipocyte. Both
the experiments have shown that BA can inhibit adipogenesis and
also can reverse the phenotype within short period of time. Thi-
azolidinediones (TZD) are currently used antidiabetic drugs that
increase insulin sensitivity in peripheral organs [23]. Various stud-
ies on nonhypoglycemic effect of TZDs revealed its side effect on
increasing LDL, cholesterol and thereby obesity [24]. The effect of
BA on reducing the lipid content in MDI  treated cells resembles its
antiobesity potential in vivo.

Betulinic acid alters nuclear factor and co-factor gene expression
leading to reduced adipogenesis

Being evident with the results, we proceeded to elucidate
the gene level mechanism of action of BA during adipogene-
sis.Expression of PPAR gamma  and LXR alpha was enhanced in
all experiment conditions. Compared to MDI  and rosiglitazone
assisted differentiation, cells grown in presence of BA showed
reduction in expression of nuclear factors. PPAR alpha and delta
did not showed statistically significant change in activity com-
pared to MDI  treated groups eventhough the (Fig. 5A). Nuclear
co-factors that are critical in modulating the activity of PPARg come
under p160 co-activators. Nuclear co-activator/steroid responsive
co-activators – 1, 2 and 3 are such major types of co-regulators.
Expression analysis of nuclear co-activators (NCoA) showed a dose
dependent variation in expression with respect to betulinic acid
(Fig. 5B). NCoA 1 and 3 recorded an increase in expression at day
10 and is higher than MDI  and rosiglitazone groups. NCoA 1 and 3
are nuclear co-factors known to reduce adipogenesis. Studies done
by Picard et al. [25] have showed that the energy balance between
white and brown fat are end results of balance between NCoA 1 and
2. On molecular level, it can be said that the absence of NCoA2 can
reduce obesity and absence of NCoA1 can induce obesity.

Confocal staining and western blots proved the cellular reduction
of PPAR�2 protein in presence of BA
Adipocyte differentiation is a well orchestrated cellular mecha-
nism involving various nuclear factors and co-factors. As the effect
of betulinic acid in reducing the differentiation potential and gene



730 A.-M. Mohsen G et al. / Journal of Infection and Public Health 12 (2019) 726–732

Fig. 4. BA inhibited lipid droplet accumulation in differentiated adipocytes. Compound was treated at 1–10 �M concentration. (A) Picture showing reduction in lipid droplet
formation in concentration dependent manner. Difference in cell size and lipid droplets in (i) undifferentiated (ii) differentiated (iii) differentiated in presence of roziglitazone
(iv  and v) and differentiated in presence of 5 and 10 �M betulinic acid is clearly visible. (B) Graphshowing the change in lipid droplet content as recorded by oil red O staining
(C)  Differentiated 3T3L1 cells in presence of rosiglitazone and varying concentration of BA are stained with oil red O. (D) Reversal of lipid droplet content after administration
of  BA from 9th day of maturation till day 14. The change in lipid droplets are seen in image D-III and D-IV where 5 and 10 �M BA was given respectively. (For interpretation
of  the references to colour in the figure legend and text, the reader is referred to the web version of this article.)

Fig. 5. Gene expression analysis of differentiated cells, differentiated in presence of rosiglitazone and betulinic acid (1, 5 and 10 �M)  are shown. 5A represents fold change
in  nuclear factors under PPAR and 5B represents fold change in nuclear co-factors and LXR alpha.
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ig. 6. Confocal images of PPAR�2 stained cells differentiated in presence of BA. Und
t  5 (5-III) and 10�M concentration (5-IV). Rosiglitazone treated cells are imaged a
o  colour in the figure legend, the reader is referred to the web  version of this articl

evel changes in adipocytes were evident from previous experi-
ents, we checked the cellular content of PPAR gamma  respective

o 5 and 10 �M concentrations of BA.
Fig. 6 shows the PPAR�2 content was reduced in presence
f betulinic acid and was concentration dependent. Rosiglitazone
nhanced the fluorescence in cells compared to MDI  treated alone
roup. Previous studies have reported the poor binding potential of
etulinic acid on PPAR gamma  compared to its structural variants
ntiated cells (5-I) were compared with cells differentiated without (5-II) or with BA
own in 5-V. Blue — nucleus; green – PPAR �2. (For interpretation of the references

[26] and also on PPAR gamma antagonistic activity [22]. Luciferase
based transactivation assay done previously has proved that BA,
even though showed affinity towards PPAR gamma, but was not
able to activate it [9].
Level of nuclear factors were checked with culture lysate from
differentiated cells and those in presence of rosiglitazone and 5
and 10 �M BA compared to undifferentiated control (Fig. 7). Level
of PPAR gamma  and LXR alpha was reduced in proportional to BA
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Fig. 7. Western blot image showing the change in protein levels with respect to
BA  treatment. Reduction in PPAR gamma  and LXR alpha due to BA treatments
are clearly evident in lanes 4 and 5. Lane 1 = undifferentiated control, 2 = MDI,
3  = MDI  + rosiglitazone, 4 = MDI  + 5 �M BA, 5 = MDI  + 10 �M BA.

Fig. 8. Western blot showing images of co-factor associated to PPAR gamma cap-
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in  rural Indian adolescents: long term follow-up of Hyderabad nutrition trial.
ured after immuno-precipitation in presence and absence of BA. Lane 1 contain
roteins from un-diffferentiated well, Lane 2 with rosiglitazone treated, Lanes 3
nd 4 are with proteins from 1 and 10 �M BA treated cells respectively.

hich shows that the reduction in adipogenesis is associated to
uclear factor concentration.

Considering the present results, it can assumed that the reduc-
ion in PPAR gamma  and further on differentiation process may  not
e due to direct binding of BA on PPAR gamma, but through gene

evel alterations.

etulinic acid can alter co-factor specificity of PPAR gamma
esulting in reduced adipogenesis

Nuclear co-factors and chromatin modulating protein play
ajor role in designing the activity spectrum of most of nuclear fac-

ors. For a highly versatile protein like PPAR gamma, the co-factor
nteractions and timely activation are very crucial [27]. Steroid
eceptor co-activators/nuclear co-activators are among the first
iscovered co-activator proteins that can interact with nuclear fac-
ors and enhance activity. These are major cofactors in regulating

etabolism and associated physiological processes [10]. Results
rom the experiments so far proved the potential of BA in reducing
dipogenesis and is affected through reducing the gene and protein
evels of PPAR gamma. Now we planned to analyse the change in
nteraction of co-factors with PPAR gamma  with respect to betulinic
cid.

PPAR gamma  was immuno-precipitated at different experiment
onditions — undifferentiated, differentiated with rosiglita-
one/10 �M betulinic acid. Results showed that the interaction of

RC-1 was enhanced in presence of betulinic acid (Fig. 8). Similar
rend was shown by LXR� also. This protein is a major nuclear fac-
or playing crucial role in lipid metabolism. It is still controversial
bout the trans-activation of PPARg and LXRa in promoting lipid
nd Public Health 12 (2019) 726–732 731

synthesis and transport. From the results presented here, it can be
concluded that the binding of BA on PPARg may inhibit the interac-
tion with LXRa leading to reduced lipid content. Similarly, studies
on adipocyte differentiation has shown that SRC1 as an antiobe-
sity co-factor while SRC3 null mice showed considerable reduction
in WAT  volume [28]. Interaction of SRC-1 with PPARg was  also
reduced in presence of BA and shows a concentration dependent
change in intensity. SRC3 showed a reduction in intensity com-
pared to rosiglitazone and MDI  wells. Previous reports states that
the reduction in SRC-3 led to reduced adipocity and subsequently
led to undetectable levels of PPAR�2 in epididymal fat pads [29]

Conclusion

Betulinic acid, a pentacyclic lupane type triterpene, is a high
potent phytochemical with various reported biological activity.
Due to cytotoxicity and reduced solubility in aqueous media, the
compound has not been taken up for clinical trials. Here in this
paper, we  have reported a simple and modified method of isola-
tion from T. grandis, commonly known as teak. The anti-obesity
effect of betulinic acid is studied in detail in this paper with precise
molecular mechanism of action elucidated. Betulinic acid was able
to reduce the gene and protein expression of PPAR gamma and also
in regulating co-factor specificity leading to alterations in adipoge-
nesis. It has also proved that the compound was able to induce the
activity within biologically safe concentration, which enhance the
valuation of this molecule to enter next phase of drug research.
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