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Antioxidant-rich Tamarindus indica L. leaf
extract reduced high-fat diet-induced
obesity in rat through modulation of gene
expression
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Abstract

Background: Different parts of the medicinal plant Tamarindus indica L. are full of phytochemicals that are able to
reduce elevated blood pressure, blood sugar and lipids. These pharmacological effects are due to the presence of
antioxidant type compounds in those parts of the plant. This study was aimed to explore the molecular mechanism
of anti-obesity effects of ethanolic extract of T. indica L. leaves (TILE) through the evaluation of biochemical
parameters and gene expression analysis in high-fat diet (HFD) consuming Wistar rats.

Methods: Male Wistar rats were supplied with a standard diet (SD), or HFD, or HFD with 100 mg/kg or 200 mg/kg
or 400 mg/kg TILE for 8 weeks. The body weight, liver weight, fat weight, plasma lipids, and oxidative stress-related
parameters were measured. The transcript levels of different adipogenesis related transcription factors, lipogenic
enzymes, and lipolytic enzymes were also evaluated by quantitative real-time PCR.

Result: Phytochemical analysis demonstrated that TILE is enriched with a substantial level of polyphenols (287.20 ±
9.21 mg GAE/g extract) and flavonoids (107.52 ± 11.12 mg QE/g extract) which might be the reason of significant
antioxidant and radical scavenging activities. Feeding of TILE (400 mg/kg/day) to HFD-fed rats increased activity of
superoxide dismutase and catalase which is reflected as a significant reduction of oxidative stress markers like nitric
oxide and malondialdehyde. TILE (400 mg/kg/day) feeding also down-regulated the mRNA levels of proadipogenic
transcription factors including liver X receptor alpha (LXRα), peroxisome proliferator-activated receptor gamma
(PPARγ), and sterol regulatory element-binding protein 1c (SREBP1c) in diet-induced obese rats. As a consequence
of this, the mRNA level of lipogenic enzymes like acetyl-CoA carboxylase (ACC), fatty acid synthase (FAS),
diacylglycerol acyltransferase (DGAT), and HMG-CoA reductase was down-regulated with a parallel up-regulation of
the transcript level of lipolytic enzyme, hormone-sensitive lipase (HSL).

Conclusion: Observations from this study indicate that antioxidant-rich TILE can reduce HFD-induced body weight, fat
weight and liver weight as well as blood lipids through down-regulating the gene expression of proadipogenic
transcription factors and lipogenic enzymes with a concerted diminution of the gene expression of lipolytic enzyme, HSL.
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Introduction
Obesity, hypercholesterolemia and associated cardiovascu-
lar diseases contribute to a high percentage of morbidity
and mortality in humans, making them major areas of pub-
lic health interest [1]. While the synthesis of lipid-lowering
drugs has been made possible in the last few decades
through a plethora of scientific endeavors, in many cases,
their adverse effects outweigh their benefits. For this reason,
in last few decades, research interest has diverted towards
the study of natural compounds such as medicinal plants,
for the potential discovery of phytochemicals with the effi-
cacy to lower lipid and glucose levels. Since the beginning
of human civilization, various plant parts including flowers,
fruits, leaves, roots, and barks are being used in virtually all
cultures as a medicinal source due to their efficacy in treat-
ing various disorders [2]. For example, Tamarindus indica
L., (family Fabaceae) is a common plant of tropical coun-
tries with medicinal, commercial and dietary importance.
The brown sticky pulp of T. indica fruit is a very popular
culinary additive in many recipes of India due to its sour
and sweet taste which is attributed to the high concentra-
tion of tartaric acid and reducing sugars [3]. Historically, all
across the world, almost every part of T. indica, but espe-
cially its fruits, leaves, seeds, and bark have been used as
traditional medicine with several pharmacological applica-
tions [4]. Studies have shown that these parts of T. indica
contain many compounds of therapeutic interest, including
polyphenolic antioxidant molecules, caffeic acid and vita-
min C [5]. For example, the ethanolic extract from the
fruit’s pericarp reduced total and non-HDL cholesterol as
well as triglyceride levels, while increased HDL-cholesterol
levels in hamsters, as a result of its antioxidant activities [6].
The ethyl acetate and ethanol extracts of T. indica seed
coat have been reported to possess antioxidant [7] and
anti-inflammatory properties [8]. In a clinical trial, the pow-
dered pulp of T. indica fruit was found to lower effectively
the level of LDL-cholesterol and total cholesterol [9]. More-
over, in another study, the extract of T. indica seed was re-
ported as effective in lowering blood sugar levels in
hyperglycemic male rats [10].
In the pathophysiology of adipogenesis, both dietary and

genetic factors play very important roles. Among the gen-
etic factors, liver X receptor alpha (LXRα) plays a critical
role by regulating the gene expression of two important
transcription factors related to adipogenesis like peroxi-
some proliferators-activated receptor gamma (PPARγ),
and sterol regulatory element-binding protein 1c (SREBP
1c) [11]. PPARγ and CCAAT enhancer-binding protein
alpha (C/EBPα) controls the expression of down-stream
adipocyte specific proteins and thus promotes the com-
mitment of preadipocytes to lipid-laden matured adipo-
cytes [12, 13]. On the other hand, SREBP1c controls the
gene expression of vital lipogenic enzymes acetyl-CoA
carboxylase (ACC), fatty acid synthase (FAS), and HMG-

CoA reductase which are involved in the biosynthesis of
de novo fatty acids, triacylglycerol (TG), and cholesterols
[14–16]. Hence, any promising therapeutic intervention
having antiobesity effect warrants the investigation of the
gene expression of the abovementioned factors and en-
zymes to decode the molecular mechanism of action. Pre-
vious clinical and preclinical studies, through the
investigation of biochemical parameters, have reported
that different parts of T. indica L. have anti-oxidant, lipid-
lowering [17], blood pressure and blood glucose-lowering
properties [4]. However, there is a lack of information
about the efficacy of T. indica L. leaf extract in regulating
the expression of transcription factors that control adipo-
cyte differentiation and enzymes which participate in lipid
metabolism. Without exploring the gene expression of
these abovementioned transcription factors and enzymes,
the molecular mechanism of T. indica L. leaf extract
would remain obscure. This study was designed to explore
the effects of ethanolic extract of T. indica L. leaf on high-
fat diet-fed obese Wistar rats by investigating biochemical
parameters and gene expression pattern of transcription
factors perform vital functions in the differentiation of adi-
pocytes and enzymes involved in the lipid metabolism.

Materials and methods
Chemicals and reagents
5,5′-dithio-bis-[2-nitrobenzoic acid] (DTNB), sulfanilamide,
N-ethyl diaminedihydrochloride (NED), nitrobluetetrazo-
lam (NBT), thiobarbituric acid (TBA), 2,2-Diphenyl-1-
picrylhydrazyl (DPPH), trichloroacetic acid (TCA), gallic
acid, quercetin, and trolox were purched from Sigma
Aldrich (Massachusetts, USA). Kits for the assay of serum
triglyceride, total cholesterol, and HDL cholesterol were of
Plasmatec (Stafford, UK). GeneJET RNA Purification Kit,
RevertAid First Strand cDNA Synthesis Kit and SYBR
Green qPCR Master Mix were from Thermo-Fisher Scien-
tific (Massachusetts, USA). Other chemicals used in differ-
ent experiments were of high purity and of analytical grade.

Tamarindus indica L. leaf-extract preparation
Mature leaves of Tamarindus indica L. was collected from
localities in Bangladesh in the mid of July. The plant species
was confirmed by a botanical taxonomist of Bangladesh
National Herbarium, Mirpur, Dhaka, Bangladesh (Acces-
sion No. 55785). The leaves were oven-dried at 40 °C and
pulverized into fine particles using a laboratory mill. Each
portion of 100 g powder was immersed in 500ml ethanol
for 7 days with continuous shaking and then filtered by
Whatman filter paper (No. 41). The residue was extracted
once again and filtered in the same way. All the filtrate was
collected and condensed at 60 °C in a rotary evaporator and
then dried under vacuum. In this way, 6.42 g dried extract
was prepared from each of the 100 g dried powder of T.
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indica leaf. The collected extract was kept in the refriger-
ator at − 4 °C for further use.

Quantification of total phenolic and flavonoid content in
T. indica L. leaf extract
In order to measure the phenolic and flavonoid content
50 mg crude extract was mixed with 5 ml of distilled
water and the resulting mixture was further diluted with
distilled water get a final concentration of 0.5 mg/ml.
Folin-Ciocalteu method was employed to measure the
extract’s phenolic content [18]. Briefly, 100 μL leaf ex-
tract, 500 μL of Folin-Ciocalteu reagent and 400 μL of
7.5% sodium bicarbonate were mixed according to the
mentioned sequence and the resulting mixture was incu-
bated at 40 °C for 20 min. Absorbance was taken at 755
nm using a spectrophotometer against a blank and total
phenol content was calculated in mg/g using a standard
curve of gallic acid. The flavonoid content was assayed
by mixing 1ml crude extract with 4 ml of deionized
water and 0.3 ml of 5% NaNO2 solution. After 5 min, 3
ml of 2% AlCl3 solution was mixed which was followed
by the addition of 2 ml of NaOH (1M) solution. Then it
was mixed properly and absorbance was recorded at
510 nm against a blank. The amount of total flavonoid
was estimated as μg/g using quercetin as standard [19].

Assessment of antioxidant and radical scavenging
capacity
The ferric reducing antioxidant power (FRAP) of the ex-
tract was carried out spectrophotometrically (at 593 nm),
according to the method used by Pulido et al. [20]. The re-
sults are expressed as μmole Fe++/g dry extract. Radical
scavenging property of T. indica L. leaf extract was quanti-
fied based on its ability to decolorize ABTS+ [2,2′-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid)] cation. The
absorbance was recorded at 734 nm and antioxidant activ-
ity was calculated using the equation obtained from trolox
standard curve and was expressed as mmol Trolox/g of
the dry extract [21].
The 2,2-diphenyl-1-1picrylhydrazyl (DPPH•) radical-

scavenging activity of the extract was measured accord-
ing to the method of Braca et al. [22]. Briefly, leaf extract
of different concentrations were added to 0.004% (w/v)
solution of DPPH. The absorbance values were mea-
sured at 517 nm after the mixtures were incubated for
30 min in a light protected container. The percentage in-
hibition of activity was determined using the equation-

%inhibition ¼ A0 −AEð Þ
A0

� 100

Where, A0 is the absorbance of the control, and AE is
the absorbance of the leaf extract or of the standards.
The inhibition curve was prepared by plotting percent

inhibition against concentration and median inhibitory
concentration (IC50) values were calculated.

Experimental design, animal feeding and diet
Healthy 9–10 weeks old male Wistar rats (180 ± 10 g
body weight) were collected from the Animal Care Unit,
Department of Pharmaceutical Sciences, North South
University, Bangladesh. They were housed in individual
cages which were kept in a room of standard environ-
mental conditions (temperature 23 ± 2 °C, and 12 h light/
dark cycle) with uninterrupted access to food and water.
Moreover, for ensuring their comfort and to reduce suf-
fering all the protocols used in this study was approved
by the Ethical Review Committee of the Department of
Pharmaceutical Sciences, North South University,
Bangladesh (ACE-0017-2018). Rats were organized into
5 groups randomly and each group consisted of 7 rats.

Group-1 (SD): Fed with standard laboratory diet (SD)
Group-2 (HFD): Fed with high-fat diet
Group-3 (HFD + TILE100): Fed with HFD and T.
indica leaf extract (100 mg/kg/day)
Group-4 (HFD + TILE200): Fed with HFD and T.
indica leaf extract (200 mg/kg/day)
Group-5 (HFD + TILE400): Fed with HFD and T.
indica leaf extract (400 mg/kg/day)

The formula and preparation method of the standard
laboratory diet (SD) and high-fat diet (HFD) were ob-
tained from a previous report [23]. Food intake and
change of body weight were calculated according to a
method described earlier [24].

Collection of blood, adipose tissues, and liver
The rats were sacrificed after 8 week of treatment and
blood was collected by from the heart. Collected blood
was centrifuged (8000×g) for 15 min at 4 °C for separ-
ation of serum which was immediately stored at − 20 °C
for further experiment. The liver was carefully cleared
and adhering adipose tissue was separated and properly
weighed. The visceral fat adhered to different internal
organs were collected carefully, rinsed with phosphate-
buffered saline, and then weights were measured.
Weight of the liver and different adipose tissues were
expressed in relation to per 100 g of body weight accord-
ing to the method described earlier [25].

Measurement of plasma lipid-related parameters
The lipid parameters in the samples including total choles-
terol (TC), triacylglycerol (TG), and high-density lipopro-
tein cholesterol (HDL-C) were measured by the diagnostic
kits of Plasmatec Laboratories, (Allington, UK). The
concentration of very-low-density lipoprotein cholesterol
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(VLDL-C) and low-density lipoprotein cholesterol (LDL-C)
was calculated by Firedewald formula [26]:

VLDL − C ¼ TG
5

LDL − C ¼ TC − HDL −Cþ VLDL −Cð Þ
Moreover, atherogenic index (AI) and coronary risk

index (CRI) were calculated by the formula [27].

Athorogenic index AIð Þ ¼ Non −HDLC
HDL −C

Coronery risk index CRIð Þ ¼ TC
HDL −C

Measurement of oxidative stress-related parameters and
antioxidant enzymes’ activity
Lipid peroxidation was assessed by measuring the level of
malondialdehyde based on its ability to interact with thio-
barbituric acid which can be detected and quantified spec-
trophotometrically at 532 nm [28]. Nitric oxide (NO) level
was measured by mixing the samples collected from blood
and liver with Griess reagent which contains 1.5% sulfanila-
mide in 1N HCl and 1% N-(1-)naphthylethylenediamine
(NED) in H2O. The resulting pink colored mixture was
evaluated by a spectrophotometer (at 548 nm) and the con-
centration of NO was calculated by a standard curve of so-
dium nitrite [29]. The activity of superoxide dismutase was
measured according to the process developed by Kakkar
et al. with some customizations [30]. Briefly, the reaction
mixture contained 25mM sodium phosphate buffer, 0.186
mM phenazine methosulphate and 0.3mM nitroblue tetra-
zolium with 0.1ml of sample collected from blood or liver.
Then 0.7mM reduced nicotinamide adenine dinucleotide
(NADH) was added and the mixture was kept at 30 °C for
90 s. After that, it was mixed with 1.0ml glacial acetic acid
and 4ml n-butanol and then the mixture was let stand for
10min before centrifugation. Absorbance of the collected
supernatant was taken at 560 nm against n-butanol blank.
The activity of catalase was measured by mixing the plasma
sample to 30mM H2O2 and 50mM phosphate buffer (pH
7.0) and by recording the absorbance at 230 nm according
to a previously described method [31].

Gene expression of transcription factors and fat
metabolizing proteins
Total mRNA, from the mesenteric adipose tissue sample,
was extracted by GeneJET RNA Purification Kit (Thermo-
Fisher Scientific, Massachusetts, USA) for checking the
transcript level of adipocyte-specific marker genes. After
measuring the concentration, 1 μg mRNA was used in re-
verse transcription reaction for synthesizing cDNA using
RevertAid First Strand cDNA Synthesis Kit (Thermo-Fisher
Scientific, USA) in a Thermal Cycler (Takara Bio Inc.,

Ohtsu, Japan). Using this cDNA as a template, the tran-
script level of adipogenesis related transcription factors and
enzymes were quantified by real-time PCR using 2X SYBR
Green qPCR Master Mix (Thermo Scientific, USA) and
forward and reverse primers designed by Primer3 online
software (Table 1). The PCR reaction was conducted in a
CFX96 TouchTM Real-Time PCR Detection System (Bio-
Rad Laboratories Inc., California, USA) and data were ana-
lyzed by CFX ManagerTM software (Bio-Rad, California,
USA). The PCR was carried out at 95 °C for 1min followed
by 40 cycles for amplification: 95 °C (5 s) for denaturation,
60 °C (30 s) for annealing, and 72 °C (1min) for synthesis
which was followed by the final extension at 72 °C for 5
min. The transcript level of each of the target protein was
relatively quantified by normalization to the transcript level
of β-actin.

Histology of hepatic tissue
A suitable section of the liver from a representative rat
of each group was collected, after measuring the weight
the liver, and was kept in neutral buffered formalin
(pH -7.4). For visualization and estimation of lipid accu-
mulation within the hepatocytes, the liver tissue from a
particular group of the rat was embedded on paraffin,
cut as thin layer (5 μm) with a microtome, was stained
with haematoxylin and eosin (H&E) according to stand-
ard histological process described earlier [32]. Photo-
micrograph was taken using a differential interference
optical microscope (Model-ZEISS-AXIO, Carl Zeiss
Microimaging, Jena Germany). Lipid area percentages
were quantified from a different group of animals using
ImageJ software (version 1.52a).

Statistical analysis
All phytochemical analyses were done in triplicate (n = 3),
biochemical and gene expression analyses were done in sex-
tuplicate (n = 6) and the data were expressed as mean ±
SEM. For the determination of significant change among
different groups, data were interpreted by one-way ANOVA
and Newman-Kuels post hoc test by Graph Pad Prism.

Results
Quantification of polyphenols, flavonoids content and
evaluation of relative antioxidant property of T. indica L.
leaf extract
The antioxidant property of T. indica leaf extract (TILE)
was close to that of butylated hydroxytoluene (BHT) which
might be attributed to its higher level of polyphenols
(287.20 ± 9.21mg GAE/g extract) and flavonoids (107.52 ±
11.12mg QE/g extract). But the antioxidant activity of TILE
was significantly lower than that of quercetin and ascorbic
acid as was revealed in DPPH and ABTS radical scavenging
activities and ferric reducing activity (Table 2).
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Food intake, body weight, and adipose tissue weight
The relationship between food intake, body weight gain,
wet weight of liver and fat weight of different parts are rep-
resented in Table 3. The data suggests that HFD-induced
increase of body weight, liver weight, and fat weight are not
related to the amount of food consumed per day rather
these are related to the composition of the food. Feeding of
ethanolic extract of T. indica leaf (TILE) up to the level of
200mg/kg everyday for 8 weeks was unable to reduce the
HFD-induced body weight, fat weight and liver weight sig-
nificantly. But TILE administration of 400mg/kg was

successful in reducing body weight, liver weight, mesenteric
and peritoneal fat weights significantly (p < 0.05).

Assessment of plasma lipid profile
Feeding of HFD caused in a significant (p < 0.05) increase
of TG, TC, LDL-C, VLDL-C, atherogenic index (AI) and
coronary risk index (CRI) in comparison to standard la-
boratory diet (SD) fed group. On the other hand, the
plasma level of HDL-C was reduced significantly (p < 0.05)
due to the feeding of HFD. Oral administration of 100mg/
kg and 200mg/kg ethanolic extract of T. indica leaf (TILE)

Table 1 The forward and reverse sequence of the primers used in this study

Gene (GeneBank accession no.) Type Sequence

C/EBPα (NM_001287579.1) Forward 5′-GCCAAGAAGTCGGTGGATAA-3’

Reverse 5′- CCTTGACCAAGGAGCTCTCA-3’

PPARγ (NM_013124.3) Forward 5′-CCCTGGCAAAGCATTTGTAT-3’

Reverse 5′-GAAACTGGCACCCTTGAAAA-3’

LXRα (NM_031627.2) Forward 5′-GCTCCTTCTCTGACCGACTT-3’

Reverse 5′-GTCTTCAGCAAGGCGATCTG-3’

SREBP1c (NM_001276707.1) Forward 5′-GGCATGAAACCTGAAGTGGT-3’

Reverse 5′-TGCAGGTCAGACACAGGAAG-3’

FAS (M84761.1) Forward 5′-TCGAGACACATCGTTTGAGC-3’

Reverse 5′-CTCAAAAAGTGCATCCAGCA-3’

ACC (NM_053437.1) Forward 5′-ACAACGCAGGCATCAGAAGA-3′

Reverse 5′-GCTGTGCTGCAGGAAGATTG-3′

DGAT-2 (NM_053437.1) Forward 5′-TGAATTGGTGCGTGGTGATG-3′

Reverse 5′-GACAGGCGCTTCTCAATCTG-3′

HMGCR (NM_013134.2) Forward 5′-CATGCTGCCAACATCGTCA-3′

Reverse 5′-TTGTGGGACTTGCTTC-3′

ATGL (NM_001108509.2) Forward 5′- CTCGAGTTTCGGATGGAGAG-3′

Reverse 5′- TGAGAATGGGGACACTGTGA-3′

HSL (NM_012859.1) Forward 5′- TAGCTGGAGGTGGTTCTGCT-3′

Reverse 5′-CCAGTTACCATCTTCAGTGTAG-3′

MAGL (NM_138502.2) Forward 5′- CACCTCTGATCCTTGCCAAT-3′

Reverse 5′- GATGAGTGGGTCGGAGTTGT-3′

β-Actin (V01217.1) Forward 5′- AGCCATGTACGTAGCCATCC-3′

Reverse 5′- CTCTCAGCTGTGGTGGTGAA-3′

Table 2 In vitro antioxidant activities of the ethanolic extract of T. indica leaf

Polyphenol
content
(mg GAE/g)

Flavonoid
content
(mg QE/g)

DPPH radical scavenging
activity, IC50
(μg/ml)

ABTS radical scavenging
activity
(mmole Trolox/g)

Ferric reducing activity
(μmole/g)

T. indica leaf
extract

287.20 ± 9.21 107.52 ± 11.12 26.54 ± 3.18a 1.61 ± 0.12a 593.06 ± 8.57a

BHT NA NA 29.17 ± 2.34a 1.79 ± 0.08a 575.04 ± 9.35 a

Ascorbic acid NA NA 11.02 ± 0.82b 5.07 ± 0.05b 1293.32 ± 18.21b

Quercetin NA NA 9.81 ± 0.61b 4.27 ± 0.18c 1375.87 ± 22.51c

Polyhenol and flavonoid content and in vitro radical scavenging and antioxidant activities of the ethanolic extract of T. indica L. leaf. Data was analyzed by one
way ANOVA followed by Newman-Keuls’s post-hoc test and expressed as mean ± SEM (n = 3). Values with different superscript letters within the same column are
significantly different at p < 0.05. NA, not applicable
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was not able to change these parameters. But feeding of
TILE at the higher dose (400mg/kg) caused the significant
reduction of HFD-induced increased levels of TG (32.2%),
TC (25.6%), LDL-C (34.1%), VLDL-C (32.6%) levels in
plasma and consequently reduced AI (46.3%) and CRI
(39.6%). But feeding of TILE even at the highest dose (400
mg/kg) was failed to cause a significant change of HDL-C
level (Table 4).

In vivo antioxidant effects of T. indica L. leaf extract
The level of malondialdehyde (MDA) increased 1.83 folds
and the level of nitric oxide (NO) increased by 2.66-folds in
the blood due to 8 weeks long feeding of a HFD compari-
son to the rats fed on standard laboratory diet (SD). Add-
itionally, the HFD-mediated increase of MDA and NO
levels were accompanied by a significant (p < 0.05) fall of
superoxide dismutase (SOD) (56.2%) and catalase (49.7%)
activities. Consumption of ethanolic extract of Tamarindus
indica leaf (TILE) at low dose (100mg/kg/day) was not able
to reduce the level of MDA and NO markedly. But feeding
of TILE at the highest dose (400mg/kg/day) caused a sig-
nificant (p < 0.05) reduction of MDA (39.7%) and NO
(35.3%) levels in comparison to the HFD-fed rats (Fig. 1).
Similarly, feeding of TILE at low level (100mg/kg/day) was
unable to increase the reduced SOD and catalase activities
markedly. But consumption of TILE at the highest level
(400mg/kg/day) significantly increased the SOD (1.97 fold)

and catalase (1.89 folds) activities in comparison to the
HFD-fed rats. Moreover, catalase activity was also increased
significantly due to feeding of TILE at intermediated level
(200mg/kg/day) (Fig. 1).

T. indica leaf extract down-regulated the gene expression
of adipogenesis promoting transcription factors
This part of our study was aimed to investigate the impact
of T. indica leaf extract on the gene expression of these four
important transcription factors like PPARγ, CCAAT/en-
hancer-binding protein α C/EBPα, LXRα, and SREBP1c
which regulates numerous proteins, enzymes and factor
that control the conversion of preadipocytes to matured ad-
ipocytes and fat metabolism. Our investigation revealed
that feeding with a HFD significantly (P < 0.05) up-
regulated the gene expression of LXRα (2.41 folds), PPARγ
(1.98 folds), C/EBPα (2.11 folds), and SREBP1c (2.13 folds)
in comparison to SD fed rats. Consumption of TILE at low
(100mg/kg) dose was unable to change the HFD-induced
increased mRNA level. Feeding of TILE at moderate dose
(200mg/kg/day) together with HFD reduced the mRNA
level of LXRα and SREBP1c significantly. Consumption of
TILE at highest dose (400mg/kg) every day for 8 weeks sig-
nificantly (p < 0.05) lowered the transcript level of all the
above mentioned factors except C/EBPα (Fig. 2).

Table 3 Effects of ethanolic extract T. indica L. leaf on food intake and body weight of high-fat diet induced rats

Parameter ND HFD HFD + TILE100 HFD + TILE200 HFD + TILE400

Food intake (g/day) 18.23 ± 2.51a 18.51 ± 3.11a 20.21 ± 2.42a 19.41 ± 2.92a 19.21 ± 2.67a

Percent weight gain 39.82 ± 4.25a 66.27 ± 5.42b 62.91 ± 7.38b 59.72 ± 5.32b 45.26 ± 4.53a

Liver weight (g/100 g body weight) 3.12 ± 0.43a 4.83 ± 0.63b 4.64 ± 0.54b 4.52 ± 0.57b 3.61 ± 0.61a

Epidedymal fat (g/100 g body weight) 1.13 ± 0.12a 1.81 ± 0.23b 1.72 ± 0.18b 1.64 ± 0.19b 1.61 ± 0.17b

Mesenteric fat (g/100 g body weight) 0.73 ± 0.08a 1.17 ± 0.13b 1.02 ± 0.12b 0.97 ± 0.10a 0.84 ± 0.11a

Peritoneal fat (g/100 g body weight) 0.87 ± 0.10a 1.26 ± 0.15b 1.22 ± 0.11b 1.17 ± 0.13b 0.91 ± 0.12a

Effects of Tamarindus indica L. leaf extract (TILE) on food intake, body weight gain, liver weight and adipose tissue weight in different group of Wistar rats fed
with either of standard laboratory diet (SD), or high-fat diet (HFD), or HFD with TILE. TILE was given orally everyday throughout the study period either in low
dose (HFD + TILE100), or intermediate dose (HFD + TILE200) or high dose (HFD + TILE400). Data was analyzed by one way ANOVA followed by Newman-Keuls’s
post-hoc test and expressed as mean ± SEM (n = 6). Values with different superscript letters within the same row are significantly different at p < 0.05

Table 4 Effect of high-fat diet and ethanolic extract of T. indica L. leaf on lipid profile of rats

Parameter ND HFD HFD + TILE100 HFD + TILE200 HFD + TILE400

TG (mg/dl) 121.81 ± 13.33a 216.37 ± 21.57b 211.42 ± 22.17b 199.43 ± 23.63b 145.82 ± 19.23a

TC (mg/dl) 198.21 ± 23.84a 274.23 ± 25.34b 268.05 ± 31.34b 242.54 ± 34.39b 205.35 ± 24.47a

HDL-C (mg/dl) 62.33 ± 6.72a 41.27 ± 6.98b 47.64 ± 7.45b 50.67 ± 5.43b 51.31 ± 6.53b

LDL-C (mg/dl) 111.27 ± 14.58a 189.71 ± 17.32b 178.87 ± 19.37b 152.21 ± 19.34a 125.56 ± 14.49a

VLDL-C (mg/dl) 24.52 ± 3.65a 43.34 ± 5.67b 42.13 ± 6.37b 39.72 ± 5.43b 29.22 ± 4.51a

AI 2.19 ± 0.21a 5.65 ± 0.71b 4.58 ± 0.63b 3.84 ± 0.34c 3.05 ± 0.42c

CRI 3.19 ± 0.61a 6.65 ± 0.81b 5.58 ± 0.71b 4.84 ± 0.37c 4.05 ± 0.54a

Effects of T. indica L. leaf extract (TILE) on lipid related parameters in different group of Wistar rats fed with either of standard laboratory diet (SD), or high-fat diet
(HFD), or HFD with TILE. TILE was given orally everyday throughout the study period either in low dose (HFD + TILE100), or intermediate dose (HFD + TILE200) or
high dose (HFD + TILE400). Data was analyzed by one way ANOVA followed by Newman-Keuls’s post-hoc test and expressed as mean ± SEM (n = 6). Values with
different superscript letters within the same row are significantly different at p < 0.05
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Effect of T. indica leaf extract on the gene expression of
lipogenic and lipolytic enzymes
To get a deeper understanding the effect of T. indica extract
on the transcript levels of lipogenic and lipolytic enzymes
were also analyzed in quantitative real-time PCR after ex-
traction of mRNA from different groups of test animals.
This part of the study demonstrated that consumption of
HFD resulted in augmented transcription of ACC, FAS,
DGAT-2, and HMGCR by 2.32 folds, 1.91 folds 2.21 folds
and 2.61 folds respectively, in comparison to rats fed on SD.
Administration of T. indica leaf extract at low level (100
mg/kg) was unable to change the HFD-induced augmenta-
tion of this gene expression of lipogenic enzymes. However,
consumption of TILE at highest dose significantly (p < 0.05)
lowered of the transcript level of ACC (35.7%), FAS (36.4%),
DGAT-2 (33.7%), and HMGCR (52.3%) compared to HFD
group (Fig. 3). Moreover, feeding of TILE at intermediate
dose (200mg/kg) significantly (p < 0.05) reduced the gene

expression of DGAT-2 and HMGCR (Fig. 3). On the other
hand, in HFD consuming rats, the mRNA levels of lipolytic
enzymes like hormone-sensitive lipase (HSL), adipose trigly-
ceride lipase (ATGL) and monoacylglycerol lipase (MAGL)
were reduced significantly (p < 0.05) in comparison to the
rats which received SD. Treatment with TILE even at the
highest dose (400mg/kg) for 8 weeks was unable to change
the transcript levels of ATGL and MAGL. But feeding of
TILE, both at intermediate dose and high dose significantly
(p < 0.05) increased HFD-inhibited level of HSL (Fig. 4).

Histological assessment of adipogenesis in hepatic tissue
The anti-adipogenic effect of T. indica leaf extract (TILE)
on HFD-induced fat accumulation is demonstrated by the
photomicrographs of hepatic tissues from different group
of rats (Fig. 5a-e). The liver tissue from the rats fed on
standard laboratory diet showed very little amount of lipid
accumulation which was increased significantly (p < 0.05)

Fig. 1 Effects of ethanolic extract of T. indica L. leaf (TILE) on (a) malondialdehyde (MDA), (b) nitric oxide (NO), (c) superoxide dismutase (SOD)
activity, and (d) catalse activity in different group of Wistar rats fed with either of standard laboratory diet (SD), or high-fat diet (HFD), or HFD with
TILE. TILE was given orally everyday throughout the study period either in low dose (HFD + TILE100), or intermediate dose (HFD + TILE200) or
high dose (HFD + TILE400). Data was analyzed by one way ANOVA followed by Newman-Keuls’s post-hoc test and expressed as mean ± SEM (n =
6). Values with different superscript letters within the same row are significantly different at p < 0.05
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due to feeding of HFD. Rats consumed HFD with TILE in
lower dose and intermediate dose showed an insignificant
reduction of lipid accumulation in comparison to the
HFD-fed group. However, feeding of TILE at higher dose
together with HFD prevented the lipid deposition signifi-
cantly (p < 0.05) (Fig. 5f).

Discussion
Generally in physiological conditions, the level of pro-
oxidants and antioxidants are equilibrated in a balanced
condition which might be disturbed by overproduction of
reactive oxygen species (ROS) and/or feeble antioxidant
defense and may cause oxidative stress [33]. This imbal-
ance can be a major risk factor of metabolic derangement
which leading to the conditions like dyslipidemia, obesity,

hypertension, insulin resistance and diabetes mellitus [34].
Studies have confirmed a strong connection between
high-fat diet consumption and oxidative stress in both
humans and in other animals [35]. For example, obesity
induced by a high-fat diet has been linked to oxidative
stress which causes overproduction of oxidized LDL-
cholesterol that plays vital role in the pathogenesis of dys-
lipidemia, atherosclerosis and other cardiovascular dis-
eases [36]. Therefore, we postulated that any plant extract
having antioxidant properties could be a good option for
the treatment of ailments related to oxidative stress. Our
present investigation revealed that T. indica leaf extract
has an antioxidant property which is equivalent to BHT but
significantly lower than quercetin and ascorbic acid (Table
2). This was in agreement with the reports where

Fig. 2 Comparison of liver X receptor alpha (LXRα), peroxisome proliferator-activated receptor gamma (PPARγ), CCAAT enhancer binding protein
alpha (C/EBPα), and sterol regulatory element binding protein 1c (SREBP1c) and gene expression in epididymal adipose tissue in different group
of Wistar rats fed with either of standard laboratory diet (SD), or high-fat diet (HFD), or HFD with TILE. TILE was given orally everyday throughout
the study period either in low dose (HFD + TILE100), or intermediate dose (HFD + TILE200) or high dose (HFD + TILE400). Data was analyzed by
one way ANOVA followed by Newman-Keuls’s post-hoc test and expressed as mean ± SEM (n = 6). Values with different superscript letters within
the same row are significantly different at p < 0.05
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Fig. 3 Comparison of transcript level of acetyl-CoA carboxylase (ACC), fatty acid synthase (FAS), diacylglycerol acyltransferase 2 (DGAT-2), and
HMG-CoA reductase (HMGCR) in epididymal adipose tissue in different group of Wistar rats fed with either of standard laboratory diet (SD), or
high-fat diet (HFD), or HFD with TILE. TILE was given orally everyday throughout the study period either in low dose (HFD + TILE100), or
intermediate dose (HFD + TILE200) or high dose (HFD + TILE400). Data was analyzed by one way ANOVA followed by Newman-Keuls’s post-hoc
test and expressed as mean ± SEM (n = 6). Values with different superscript letters within the same row are significantly different at p < 0.05

Fig. 4 Comparison of transcript level of adipose triglyceride lipase (ATGL), hormone sensitive lipase (HSL) and monoacyl glycerol lipase (MAGL) in
epididymal adipose tissue in different group of Wistar rats fed with either of standard laboratory diet (SD), or high-fat diet (HFD), or HFD with
TILE. TILE was given orally everyday throughout the study period either in low dose (HFD + TILE100), or intermediate dose (HFD + TILE200) or
high dose (HFD + TILE400). Data was analyzed by one way ANOVA followed by Newman-Keuls’s post-hoc test and expressed as mean ± SEM (n =
6). Values with different superscript letters within the same row are significantly different at p < 0.05
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phytochemical analysis confirmed that different parts of T.
indica are full of antioxidant compounds like procyanidin
B2, epicatechin, tartaric acid, limonene, longifoline, kaemp-
ferol, etc. [37]. More specifically, the leaves of T. indica
contain some powerful antioxidant compounds including
limonene, vitamin C, β-carotene, flavonoids, and different
polyphenols [38]. In agreement with in vitro antioxidant
and radical scavenging activity T. indica leaf extract was
also shown to possess strong antioxidant property in vivo.
This study demonstrated that T. indica leaf extract can re-
duce high-fat diet-induced elevated levels of nitric oxide
and malondialdehyde which was accompanied by aug-
mented activities of major antioxidant enzymes like super-
oxide dismutase and catalase (Fig. 1). This antioxidant
power of T. indica leaf might be attributed to a higher level
of total polyphenols and flavonoids found in the ethanolic
extract (Table 2). Polyphenolic compounds can inhibit the
activity of xanthine oxidase enzyme which is involved in
the production of superoxide radicals and stimulation of
antioxidant enzymes’ activity [39]. Our observations
showed similarity with a previous report where an ethanolic

extract of T. indica leaf suppressed the generation of ROS
and lipid peroxidation while enhanced the antioxidant en-
zymes’ activity and thus reversed oxidative stress-induced
damage in HepG2 cells [40].
The polyphenolic compounds can act as an antioxidant

through direct interaction with both radical and non-
radical type ROS as well as indirectly by modulating the
gene expression of proteins and enzymes having antioxi-
dant activity [41]. Therefore, our next objective was to
evaluate the efficiency of polyphenolic compound-rich T.
indica leaf extract to ameliorate dyslipidemia, and fat stor-
age in HFD-induced obese Wistar rats through controlling
the gene expression of adipocyte differentiation-related
transcription factors, lipogenic and lipolytic enzymes. In
the 8 weeks long feeding period, T. indica leaf extract was
able to reduce HFD-induced increased body weight, liver
weight, mesenteric and peritoneal adipose tissue weight
(Table 3) with the simultaneous lowering of TG, TC,
LDL-C and VLDL-C (Table 4). That increase of lipid in
the blood triggered the increase of fat accumulation in the
hepatic tissue as was revealed in the photomicrographs

Fig. 5 Comparison of lipid accumulation in the liver of Wistar rats which was fed with either of standard laboratory diet (SD), or high-fat diet (HFD), or HFD
with TILE. TILE was given orally everyday throughout the study period either in low dose (HFD+ TILE100), or intermediate dose (HFD+ TILE200) or high dose
(HFD+ TILE400). Photomicrographs (a-e) showing lipid droplets (LD) are representative one of the 3 experiments for a particular group. Additionally, percent
lipid accumulation (f) was quantified by ImageJ software (version 1.52a). Data was analyzed by one way ANOVA followed by Newman-Keuls’s post-hoc test
and expressed as mean ± SEM (n= 6). Values with different superscript letters within the same row are significantly different at p< 0.05
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taken after hematoxylin and eosin staining (Fig. 5). Our
findings were in agreement with another report where the
extract of T. indica seeds was shown to have potent
plasma lipid and glucose-lowering activities in
streptozotocin-induced diabetic rats [10]. However, our
observations were slightly different from another report
where T. indica aqueous pulp extract considerably re-
duced serum cholesterol, body weight, and LDL-C but in-
creased HDL-C and triglycerides in normal chow diet-fed
healthy rats [42].
Obesity is a lipid metabolism disorder that involves the

participation of diverse genetic and dietary factors. Over
the last few years, considerable progress has been accom-
plished in the conceptualization of molecular mechanism
of adipogenesis. Proper mapping of transcriptional regula-
tion and identification of pro- and anti-adipogenic en-
dogenous factors is therefore vital in decoding the
molecular mechanism of any therapeutic intervention of
obesity and associated health issues [43]. Among those
factors, PPARγ and C/EBPα are the transcription factors
that have very important functions in the conversion of
preadipocytes to matured adipocytes [44]. These two fac-
tors up-regulate the expression of downstream adipocyte-
specific factors, enzymes, and proteins. For this reason,
these two are regarded as the master regulators of adipo-
genesis [45]. The gene expression of PPARγ is controlled
by up-stream transcription factor LXRα which also con-
trols the expression of another vital transcription factor
SREBP1c [46]. Studies have reported that SREBP1c by
interacting with specific sterol regulatory element se-
quences of DNA enhances the expression of enzymes like
ACC, FAS and HMGCR and thus enhances lipogenesis
[47]. Therefore, we hypothesized that the anti-adipogenic
effect of antioxidant-rich T. indica leaf extract might have
been mediated through controlling the gene expression of
the above-mentioned transcription factors and enzymes.
By considering the objective of delving deeper into the
molecular mechanism, we explored the gene expression of
those pre-adipocyte differentiation-related transcription
factors and some important lipogenic and lipolytic en-
zymes which are directly or indirectly controlled by those
factors. This part of our investigation revealed that admin-
istration of T. indica leaf extract reduced the gene expres-
sion of LXRα, and its down-stream PPARγ and SREBP1c
significantly (P < 0.05), all of which were augmented due
to feeding of HFD (Fig. 2). Similar pattern of changes
have been reported in previous studies where re-
searchers found that crude plant extracts reduced
diet-induced augmented gene expression of PPARγ in
rats which resulted in the reduced plasma level of TG
and reduced body weight [48, 49].
Among the lipogenic enzymes, ACC and FAS are dir-

ectly modulated by SREBP1c and play the most vital
roles in fatty acid biosynthesis [50]. On the other hand,

DGAT catalyzes the biosynthesis of triglyceride [51].
Additionally, the expression of HMGCR enzyme that
catalyzes the most important step in cholesterol biosyn-
thesis was also explored. Our investigation revealed that
feeding to T. indica leaf extract significantly suppressed
the HFD-induced augmented mRNA levels of ACC,
FAS, DGAT-2, and HMGCR (Fig. 3). Thus our findings
were in agreement with another report where re-
searchers using the Syrian hamster as model animal
demonstrated that anti-obesity effect of T. indica fruit
pulp might be attributed to the suppression of HMG-
CoA reductase gene expression [17]. On the other hand,
ATGL, HSL, and MAGL are the most important en-
zymes involved in TG catabolism in adipose and other
tissues [52, 53]. Our study revealed that the high-fat
diet-mediated suppression of HSL was normalized
significantly (P < 0.05) due to the feeding of 400 mg/kg
T. indica leaf extract daily for 8 weeks (Fig. 4).

Conclusion
This study demonstrated that oral administration of
antioxidant-rich Tamarindus indica L. leaf extract (TILE)
for 8 weeks significantly reduced the HFD-induced oxida-
tive stress by increasing the activities of antioxidant
enzymes. TILE also down-regulated the mRNA levels of
adipogenesis controlling transcription factors and lipo-
genic enzymes with a parallel up-regulation of the tran-
script level of lipolytic enzyme, HSL. Consistently, TILE
reduced the amount of TG, TC, LDL-C and VLDL-C in
the serum with an orchestrated lowering of adipose tissue
weight, liver weight and body weight.
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