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1. Introduction

Atherosclerosis is a major cause of many cardiovascular diseases
(CVD’s) causing considerable mortality and morbidity globally. It is
responsible for 50% of the deaths in westernized society.1,2 For-
mation of atherosclerotic plaque begins with abnormalities in lipid
metabolism, advent of inflammatory reactions and endothelial cell
dysfunction. As opposed to the earlier belief of association of high
lipid levels with the risk of CVD’s, now it is well accepted that
atherosclerosis is also a chronic inflammatory disease.3,4 From a
pathological view point, all stages of the atherosclerotic plaque (i.e.,
initiation, growth, and complication) can be considered as an in-
flammatory response to injury.4Current strategies to prevent
atherosclerosis are to block the lipid accumulation in arterial
smooth muscle cells and to inhibit inflammation.
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Ayurveda, a traditional system of medicine in India has listed
Garcinia indica in the class of drugs used for the treatment of CVD’s
(Hridyvarga).5 Fruit rinds of Garcinia indica contain a phytochemical
named Garcinol, which exerts anti-inflammatory effect by modu-
lating arachidonic acid metabolism, suppressing activation of nu-
clear factor kappa B (NF-kB) and expression of cyclooxygenase-2
(COX-2) through interruption of lipopolysachharide (LPS) binding
to toll-like receptors,6,7 acts as an anti-oxidant8 and is a P300/CBP-
associated factor (PCAF) inhibitor reducing local inflammation,
vascular smooth muscle cell proliferation and intimal hyperplasia
after arterial injury.9

In addition to the above mentioned activities if Garcinol shows
anti-hyperlipidemic effects, it could be a potential molecule in not
only ameliorating the risk factor but also correcting the underlying
pathological mechanism of atherosclerosis.

Thus, this study was undertaken to investigate the effects of GEF
(Garcinol enriched fraction) against hyperlipidemia in diet induced
hyperlipidemic C57BL/6 mice.
2. Materials and methods

2.1. Chemicals and plant materials

Standard Garcinol was purchased from Cayman Chemical
Company-USA. Methanol (HPLC grade)was purchased from SD Fine
chemical Limited (Mumbai, India). N-hexane, toluene, ethyl acetate,
formic acid, and other chemical were purchased from Loba Chemie
(Mumbai, India). Thiobarbituric acid, trichloro acetic acid, 5,50-
Dithiobis (2-nitrobenzoic acid), Hydrogen peroxide, hydroxylamine
hydrochloride, Triton-X-100 and Nitrobluetetrazolium (NBT) were
purchased from Sigma Aldrich, MUMBAI. Simvastatin was received
as a gift sample from Micro Labs Ltd., MUMBAI. High density
cholesterol (HDL-C), Low density cholesterol (LDL-C), Triglyceride
(TG) and Total Cholesterol (TC) estimation kits were purchased
from ERBA Diagnostics Mannheim, MUMBAI. IL6 kit was purchased
from Krishgen biosystems, MUMBAI. The fresh fruits of Garcinia
indicawere procured from Dr. Badhe Waadi, Phoolpada Road, Virar
(East) located at 19.45 north latitude and 72.81 east longitude and
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were authenticated from Agharkar Research Institute, Pune,
Maharashtra, India. A voucher specimen with identification
number-15-147, has been deposited at the same institute. The plant
name has been checked with http://www. theplantlist.org on 2nd

November 2018.

2.2. Preparation of Garcinol enriched fraction (GEF)

The hexane extract of the fruit rinds was prepared in the labo-
ratory.10 The extract (1g) was loaded on a pre-packed silica column
and eluted with hexane and ethyl acetate in increasing order of
polarity to get various fractions using flash chromatography(Tely-
dyne Isco, USAModel: COMBIFLASH RF) with flow rate of 15 ml/min
12 ml fractions were collected and identified for the presence of
Garcinol by thin layer chromatography using silica gel G f254 as
stationary phase, Toluene: Ethyl acetate: Formic acid (4 : 1: 0.5) as
the mobile phase, vanillin sulphuric acid as spraying reagent and
standard Garcinol as reference standard. Fractions showing the
presence of Garcinol were pooled and taken up for efficacy studies.
This process of flash chromatography was repeated thrice to obtain
sufficient amount of GEF.

2.3. LC-MS/MS analysis for identification and quantification of
Garcinol

GEF was subjected to LC-MS/MS (Shimadzu LC-MS 8040) anal-
ysis for identification and quantification of Garcinol using a re-
ported method.10

2.3.1. In-vivo studies
The study was approved by the Institutional Animal Ethics

committee (Protocol no. CPCSEA/IAEC/SPTM/P-55/2016) and were
done in accordance with guidelines of Committee for the Purpose
and Supervision of Experiments on Animals (CPCSEA).

2.4. Animals and treatment

C57BL/6 male mice of 6e8 weeks of age and body weight range
15e22 g were procured from Bharat Serum, Pune, Maharashtra,
India and used in the study. All mice were kept in standard envi-
ronmental conditions [23 �C ± 5, 60% ± 5 RH, and12:12hdark and
light cycle], allowed free access to drinking water and standard diet
during the period of acclimatization (one week). The animals were
randomly divided into 6 groups of 6 animals each. The animals in
Group 1 were given standard feed and vehicle for 16 weeks and
served as normal control. Animals in all other groups were given
modified western diet comprising of standard feed added with 21%
milk powder, 34% Sucrose, 0.2% Cholesterol, 20%Vanaspati ghee
and 10% Pork lard for 16 weeks.11 Animals in Group 2 served as
disease control. For last 4 weeks animals in group 3, 4, 5 and 6 were
administered with Simvastatin (8 mg/kg), GEF (25 mg/kg), GEF
(50 mg/kg) and GEF (100 mg/kg) respectively by oral gavage along
with Western diet. The body weights were measured on a weekly
basis.

Blood was withdrawn from animals of all the groups through
retro-orbital puncture, initially at zero week i.e. just before the start
of diet, 12th week and 16th week after start of modified western
diet. The plasma was separated and analyzed for HDL-C (High
density lipoprotein cholesterol), LDL-C (Low density lipoprotein
cholesterol), TG (Triglyceride) and TC (Total cholesterol). After the
treatment schedule, i.e. at the end of 16th week, mice were
euthanized. The thoracic aorta was isolated for histopathological
examination, measurement of inflammatory markers and oxido-
redox state parameters.
2.5. Measurement of lipid levels

Estimation of HDL-C, LDL-C, TG and TC was done in the plasma
using commercial kits as per the manufacturer’s instructions in the
respective kits and employing a blood analyzer for measurements.

2.6. Measurement of IL 6 in aorta homogenates and plasma

IL-6 (Mouse IL-6 KRISHGEN Biosystems) one of the important
inflammatory marker was evaluated in the plasma and tissue ho-
mogenate using ELISA method. The thoracic aorta of animals of
each group were removed by dissection and rinsed with ice cold
saline. The tissues were weighed and homogenized (10%w/v) in ice
cold phosphate buffer (pH 7.4) using probe homogenizer (Poly-
tron®, France), centrifuged in high speed cooling centrifuge. IL-6
was measured in the supernatant as per the manufacturer’s
instructions.

2.7. Measurement of endogenous anti-oxidants in aorta
homogenates

The protein content of the homogenate as prepared above was
measured for determination of activity per mg protein.12 Lipid
peroxides and reduced Glutathione (GSH) were measured in ho-
mogenate as prepared above. Activity of Catalase and superoxide
dismutase (SOD) were measured in post nuclear supernatant (ob-
tained on centrifugation of homogenate at 2500g for 20min at 4 �C)
and post mitochondrial supernatant (obtained on centrifugation of
homogenate at 10,000g for 20 min at 4 �C) respectively.

2.7.1. Lipid peroxide assay
100 ml tissue homogenate was mixed with 100 ml of sodium

dodecyle sulphate solution (8.1%), 750 ml of glacial acetic acid (20%),
750 ml of thiobarbituric acid solution (0.8%), and 300 ml of distilled
water. The reaction mixture was thoroughly mixed and incubated
at 100 �C for 1 h. The solution was then centrifuged for 10 min at
10,000 rpm, absorbance of the supernatant was recorded at
532 nm. Concentration of lipid peroxides in samples was calculated
using a calibration curve of standard.13,14

2.7.2. GSH assay
Reaction mixture containing 300 ml of tissue homogenate and

300 ml trichloro acetic acid solution (10%) was allowed to stand for
1 h at 4 �C, followed by centrifugation at 8000 rpm for 20 min.
2700 ml of phosphate buffer (7.4 pH) and 200 ml of 100mMDTNB (5,
50-Dithiobis (2-nitrobenzoic acid)) solution was added to 100 ml of
supernatant. The solution was mixed and the absorbance of the
solution was measured at 412 nm. GSH concentration in samples
was calculated using a calibration curve of standard.15

2.7.3. Catalase assay
25 ml of sample and 3 ml of phosphate buffer with hydrogen

peroxide was kept for 30 s. Decrease in optical density was
measured at 240 nm for 2 min at 1 min interval. Catalase activity
was calculated in terms of micromole of H2O2 decomposed/min/mg
protein using molar extinction coefficient of 71 M�1 cm�116

2.7.4. SOD assay
Mixture containing 1.3 ml of 50 mM sodium carbonate solution

(containing 0.1mM EDTA, pH 10.0), 0.5 ml of 96 96 mMNBT solution
and 0.1 ml of 0.6% Triton-X-100 solution was incubated at 37 �C for
10 min. The reactionwas initiated by addition of 0.1 ml of 20 mM of
hydroxylamine hydrochloride (pH 6.0). NBT reduction was
measured at 560 nm. Following this, 0.05 ml supernatant was
added to the mixture and NBT reduction in the presence of enzyme
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Table 1
Effect on body weight of animals.

Animal groups Body weight (g)

Week 0 Week 12 Week 16

Normal control 18.11 ± 1.57 21.39 ± 0.83 24.81 ± 0.61
Disease control 19.68 ± 1.09 27.21 ± 1.4## 30.17 ± 0.15#

Disease þ Simvastatin 21.95 ± 1.18 26.98 ± 2.17# 23.18 ± .024***
Disease þ GEF 25 mg/kg 21.10 ± 0.73 26.41 ± 0.49# 21.80 ± 0.2****
Disease þ GEF 50 mg/kg 22.14 ± 0.8 27.03 ± 1.80## 21.91 ± 0.13****
Disease þ GEF 100 mg/kg 21.26 ± 1.04 26.78 ± 2.04# 22.09 ± 0.35****

Each value represent Mean ± S.E.M. #p < 0.05, ##p < 0.01 when compared with
normal control, ***p < 0.001, ****p < 0.0001 when compare with disease control
using two way ANOVA followed by Bonferroni’s multiple comparison.
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wasmeasured again at 560 nm for 2min at 30 s interval. Percentage
inhibition in the rate of NBT reduction was calculated.17,18

2.8. Measurement of atherosclerosis index19

Various indices predicting the risk of atherosclerosis and sub-
sequent cardiovascular diseasewere calculated using lipid values as
follows:

Atherogenic index of plasma (AIP) ¼ (log (TG/HDL-C))
Cardiac risk ratio (CRR) ¼ (TC/HDL-C).
Atherogenic coefficient (AC) ¼ (TCeHDL-C/HDL-C).

2.9. Histopathological studies

After the mice were euthanized, tissue sections of thoracic aorta
were washed with physiological saline and fixed in a 10% buffered
formalin solution. Tissues were embedded in paraffin, sectioned
into 5 mM thick slices and stained with Haematoxylin and Eosin (H
& E) to observe the smooth muscle cells. The slides were blindly
examined under a light microscope by an experienced pathologist.
Congestion, hemorrhage with loss of histological architecture of
aorta, degenerative changes in the layers of aorta were observed
and the lesionswere scored for overall pathological changes (Lesion
score) as follows: Score 0 ¼ no change, Score1 ¼ minimal changes,
Score 2 ¼ mild changes, Score 3 ¼ moderate changes and Score
4 ¼ severe changes.

2.10. Statistical analysis

Statistical analysis was performed using two-way ANOVA and
one way ANOVA as suitable followed by Bonferroni’s multiple
comparison, using Graphpad Prism Version 6.01 software for
windows (Graph Pad Software Inc.,). P value of less than 0.05 was
considered statistically significant.

3. Results

3.1. LC-MS/MS analysis for identification and quantification of
Garcinol

GEF contained 85.98% w/w of Garcinol (Fig. 1).The remaining
Fig. 1. (A)LC-MS chromatogram of standard Garcinol. (i) Mass spectra at Rt ¼ 1.987 showing
peak at m/z 601 in negative ionisation mode (B) LC-MS chromatogram of GEF (Rt ¼ 1.957)
14.02% w/w of the fraction comprised of phenols and flavonoids as
evident by qualitative phytochemical tests performed on the
fraction.

3.2. Effect of GEF treatment on body weight

Table 1 shows the effect of the various treatments on the body
weight of experimental animals. It was observed that there was
significant increase (p < 0.05&p < 0.01) in body weights of animals
of all groups at 12th week when compared to normal control. The
body weight of diseased animals kept on increasing significantly
(p < 0.05) till 16th week as compared to normal animals. However,
the body weight of animals receiving Simvastatin and GEF signifi-
cantly reduced (p < 0.001 and p < 0.0001 respectively) from 12th
week to 16th week. This effect might be related to the lipid
lowering effect as discussed below and certainly is a desired one for
treating hyperlipidemia.

3.3. Effect of GEF treatment on lipid levels

Animals fed for 16 weeks with modified western diet showed
significant negative changes in the lipid profile indicating induction
of the disease (Fig. 2). Administration of GEF and Simvastatin
positively modified the lipid profile in a dose dependent manner,
thus attenuating one of the risk factors of atherosclerosis. GEF not
only increased the HDL-C (p < 0.05 and p < 0.01) but also simul-
taneously reduced TG concentration (p < 0.05, p < 0.0001 and
a peak at m/z 603 in positive ionisation mode (ii) Mass spectra at Rt ¼ 1.987 showing a
.



Fig. 2. Lipid profile of experimental animals, A-Triglycerides, B-HDL cholesterol, C-total cholesterol and D-LDL cholesterol. Each value represent Mean ± S.E.M. #p < 0.05, ##p < 0.01,
####p < 0.0001 when compared to normal control,*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 when compared to disease control, using two way ANOVA followed by
Bonferroni’s multiple comparison.

Fig. 3. Markers predicting the risk of atherosclerosis and cardiovascular disease in experimental animals, A-Atherogenic index, B-Cardiac risk ratio and C- Atherogenic coefficient.
Each value represent Mean ± S.E.M. ap<0.05, bp < 0.01, cp < 0.001, dp < 0.0001 when compared to normal control, ep < 0.0001 when compared to disease control, using two way
ANOVA followed by Bonferroni’s multiple comparison.
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p < 0.0001) (Fig. 2A and 2B). GEF treatment also lowered LDL-C
(p < 0.0001) and TC (p < 0.05 and p < 0.01) (Fig. 2C and 2D).

3.4. Effect of GEF treatment atherosclerosis markers

All the animals fed on modified western diet had significantly
higher values (p< 0.01, p< 0.001 and p< 0.0001) of AIP, CRR and AC
at the end of 12th week (Fig. 3). Treatment with Simvastatin and
GEF at all doses significantly reduced (p < 0.0001) these scores,
almost normalizing the values, thus reducing the risk of
atherosclerosis.

3.5. Effect of GEF treatment on IL-6 in aorta homogenates and
plasma

At the end of 16th week, IL-6 levels in the plasma and thoracic
aorta, were significantly increased (p < 0.0001 and p < 0.001
respectively) in disease control animals, indicating the presence of
inflammation. IL-6 levels in the tissue were significantly low-
ered(p < 0.01) in animals treated with Simvastatin and GEF at the
dose of 50 and 100 mg/kg and the effect was found to be dose
dependent, whereas IL-6 levels in the plasma were significantly
reduced (p < 0.0001) by all three doses of GEF and Simvastatin
(Table 2).

3.6. Effect of GEF treatment on endogenous anti-oxidant

Changes in lipid peroxidation and ox-redox status were
measured by both enzymatic and non-enzymatic markers. Lipid
peroxide, a marker of oxidative stress was significantly higher
(p < 0.001) in disease control animals. Simvastatin and GEF (50 and
100 mg/kg) significantly lowered (p < 0.05 and p < 0.01 respec-
tively) this increase in lipid peroxidation, though it was on higher
side as compared to normal animals (Fig. 4A). GSHwas significantly
depleted (p < 0.001), in disease control animals. Simvastatin and
GEF (100 mg/kg) treatment significantly increased (p < 0.001 and
p < 0.05 respectively) GSH concentration, though it did not reach
the concentration as that of normal control animals (Fig. 4B).

Activity of catalase and SOD were significantly lowered
(p < 0.001 and p < 0.0001 respectively) in disease control animals.
Treatment with Simvastatin and GEF (50 and 100 mg/kg) was able
to significantly (p < 0.001) restore the reduction in Catalase and the
activity was comparable to that of normal control animals (Fig. 4C).
Only 100 mg/kg dose of GEF could significantly increase (p < 0.01)
the activity of SOD (Fig. 4D). GEF thus reduced the oxidative stress
response.

3.7. Effect of GEF treatment on histology of aorta

The histological architecture and thickness of all layers of the
aorta was intact in normal control animals. Also there was no fatty
deposit or cellular debris on the inner lining of tunica interna in this
Table 2
IL-6 levels in experimental animals.

Animal groups IL6 in plasma (pg

Normal control 15.56 ± 1.600
Disease control 38.01 ± 7.585####

Disease þ Simvastatin 13.7 ± 0.845****
Disease þ GEF 25 mg/kg 33.195 ± 0.845***
Disease þ GEF 50 mg/kg 18.35 ± 0.345****
Disease þ GEF 100 mg/kg 11.645 ± 0.155***

Each value represent Mean ± S.E.M. ###p < 0.001, ####p < 0.0001 wh
****p < 0.0001 when compared to disease control, using one way ANOVA
group. The histopathology of aorta for disease control animals
showed thickening of vessel wall. The thickness of the tunica media
was much more than that of tunica interna due to proliferation of
smooth muscle cells (Fig. 5A). Treatment with Simvastatin and GEF
(100 mg/kg) reduced these pathological changes and the histo-
logical architecture of thoracic aorta was found to be normal
(Fig. 5A). The damage to aorta was based on a scoring system
(Fig. 5B). The disease control animals had a score of 3.33. Treatment
with GEF (25 and 50 mg/kg) improved the score to 2.33 whereas
Simvastatin and GEF (100 mg/kg) treatment showed completely
normal vascular structure with a score of 0.66 and 1 respectively,
indicating that the treatment improves the vascular architecture
and thus halts the process of atherosclerosis.
4. Discussion

The key finding of the study is that GEF had a positive effect in
correcting dyslipidemia caused due to administration of modified
western diet in experimental animals. It also improved the lipid
ratios indicating its usefulness in reducing the risk of atheroscle-
rosis. Secondly, GEF showed anti-inflammatory effect as it signifi-
cantly lowered the tissue and plasma levels of IL-6, which has direct
involvement in exacerbating early atherosclerosis in mice.20 Lastly,
GEF displayed anti-oxidant activity as it increased the levels of GSH,
enhanced the activity of Catalase and SOD and lowered MDA levels
in the tissue. Bearing in mind the fact that GEF also has anti-
inflammatory and antioxidant, it can be useful to halt the pro-
gression and possibly reverse the symptoms of atherosclerosis.

Lee et al.21 have reported the weight lowering effect of Garcinol
in high fat diet fed mice. On similar lines GEF also reduces the body
weight of animals in this study which points to its anti-obesity
effect and is not suggestive of toxicity of GEF.

GEF was able to reverse the hyperlipidemic changes in mice. It is
a well-known fact that HDL has an inverse correlation with
atherosclerosis. Low HDL-C reflects an increase in triglyceride rich
lipoprotein (TRL), the main carriers of TG. Elevated levels of both TG
and TRL are risk factors for CVD’s and vascular inflammation.22

Therapy with statins may not always lower the TG levels,23 which
was also observed during this study (Fig. 2A). Any novel therapy
therefore, should act dually to decrease the TRL/TG and improve
HDL cholesterol.24This study has shown that GEF acts in this dual
manner (Fig. 2A and 2B). GEF treatment also lowered LDL-C, an
effect known to decrease the risk of atherosclerosis and subsequent
cardiovascular events.25

Inflammation is one of the mechanism involved in progression
of atherosclerosis. After the induction of dyslipidemia in experi-
mental animals, inflammatory pathways get activated,26 which in
turn can initiate formation of atheroma and associated complica-
tions.3 Several inflammatory markers are reported to be involved in
progression of atherosclerosis, however none is specific. Though,
they just represent a non-specific inflammatory state, targeting
inflammation has been reported to be beneficial in reducing
/ml) IL6 in aorta (pg/mg tissue protein)

40.29 ± 3.930
494.55 ± 25.660###

68.14 ± 5.400**
* 304.93 ± 13.100

37.67 ± 0.250**
* 34.28 ± 2.530**

en compared to normal control, *p < 0.05,**p < 0.01, ***p < 0.001,
followed by Bonferroni’s multiple comparison.



Fig. 4. Oxido-redox state in the tissues of experimental animals, A-Malondialdehyde concentrations, B-GSH (Reduced Glutathione) concentrations, C-Activity of Catalase and D-
Activity of Superoxide dismutase. Each value represent Mean ± S.E.M. ###p < 0.001, ####p < 0.0001 when compared to normal control,*p < 0.05, **p < 0.01, ***p < 0.001 when
compared to disease control, using one way ANOVA followed by Bonferroni’s multiple comparison.

Fig. 5. Effect of various treatments on (A) histopathological changes and (B) scores in thoracic aorta of mice using H&E stain (magnification x 400). Each value represent
Mean ± S.E.M. ####p < 0.0001 when compared to normal control, ***p < 0.001, ****p < 0.0001 when compared to disease control, using one way ANOVA followed by Bonferroni’s
multiple comparison.
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atherosclerosis progression.27,28 In this study, the effect of GEF on a
major inflammatory marker IL-6 involved in atherosclerosis pro-
gression was investigated. IL-6 is an upstream cytokine responsible
for the formation of many downstream inflammatory mediators
responsible for atherosclerosis. Higher levels of IL-6 found in this
condition causes the release of acute phase reactants, endothelial
cell injury, pro-thrombotic effect on platelets, and promotion of
lymphocyte & smooth muscle proliferation and differentiation and
macrophage lipid accumulation.29,30 Thus, targeting IL-6 would be
favorable in treatment of atherosclerosis. GEF treatment signifi-
cantly lowered the plasma as well as tissue levels of IL-6, thus
reducing the inflammatory response and exerting beneficial effect
against atherosclerosis progression.

Modified western diet triggered oxidative stress response in
experimental animals and consequently increased the lipid per-
oxidation and reduced antioxidant enzymes- Catalase and SOD.
Administration of antioxidants can attenuate this oxidative stress
and reduce atherosclerotic lesions.31We observed that GEF treat-
ment showed a significant decrease in lipid peroxidation and a
marked increase in GSH, Catalase and SOD. Due to this antioxidant
capacity of GEF, it effectively reduced the oxidative stress response
and possibly the atherosclerotic lesions.

Lipid deposition in the vessel wall and smooth muscle cell
proliferation contributed to increased thickness of the aorta, which
is regarded as another risk factor for atherosclerosis.32 GEF medi-
ated regression of dyslipidemia reduced the deposition of lipids in
the vessel wall and consequently reduced the thickness of the
intimal andmedial layer of the aorta (Fig. 5A). Thus, GEF attenuated
one more risk factor for atherosclerosis.

5. Conclusions

GEF showed a dose dependent amelioration of hyperlipidemia, a
risk factor for atherosclerosis and also modified the underlying
pathological mechanisms namely oxidative stress and inflamma-
tion, in modified high fat diet fed experimental animals. 100 mg/kg
dose was the most effective dose to control all risk factors. Thus,
GEF could be a promising candidate in the treatment of athero-
sclerosis due to its lipid lowering, antioxidant and anti-
inflammatory effect.
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