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The present investigation aims to evaluate antihypercholesterolemic potential of Swietenia mahagoni leaf aqueous extract (MAE)
in diet-induced hypercholesterolemic rat model. In the study, Wistar albino rats (170–220 g) were segregated into 5 groups; all the
groups except normal control group were given high fat diet to induce hypercholesterolemia. After induction of cholesterolemia,
normal control and positive control groups were treated with saline, statin group was treated with atorvastatin, and remaining
two groups received MAE in two doses (250 and 500mg kg−1 BW) for a treatment period of one month. After the treatment
period, weight of rats was recorded and they were anesthetized and decapitated. Blood samples were taken and triglycerides, total
cholesterol, LDL-C, HDL-C, malondialdehyde (MDA), and urea were determined. Liver and kidney were taken for the estimation
of lipid peroxides. The positive control group showed higher values of triglycerides (109 ± 5.1mg/dL), total cholesterol (134 ±
4.6mg/dL), LDL-C (44 ± 1.2mg/dL), MDA, and bile acid content when compared to a normal control group (triglycerides (89 ±
3.2mg/dL), total cholesterol (72± 3.4mg/dL), and LDL-C (28± 1.2mg/dL)). Treatment with MAE decreased the cholesterol levels,
HDL-C, ALT, AST, and bilirubin levels and the effect was dependent on the dose. The results of this study indicated that MAE
possesses hypolipidemic potential and thus could be useful in the treatment of hypercholesterolemic condition.

1. Introduction

Hypercholesterolemia, also known as dyslipidemia, is a
pathological condition which is characterized by elevated
amounts of cholesterol and lipoproteins in blood plasma [1].
Since the conditionmay result in various metabolic disorders
such as cardiovascular diseases and diabetes, it is one of
the major socioeconomic problems and is the result of a
combination of a modern lifestyle and dietary habits [2]. On
hypercholesterolemic condition, elevated levels of lowdensity
lipoproteins are deposited in the subendothelial region of
arteries leading to inflammation and building up of plaque
ultimately resulting in hypertension, decreased functional
potential ofmetabolic organs (liver and kidney), and also dia-
betes [3]. Clinical trials conducted on hypercholesterolemic
subjects indicate that the drug which reduces the lipid levels
has significant positive effects onmorbidity andmortality [4].
Improving the elevated levels of LDL cholesterol has been

found to reverse the atherosclerosis and hamper progression
of cardiovascular diseases [5, 6]. Dyslipidemia is also a
common condition associated with uncontrolled type II DM
[7].

Swietenia mahagoni is a medicinal plant used by folklore
as a primary health care need around the globe [8]. The
medicinal plant has been widely investigated for various
pharmacological effects [9–12]. In our laboratory, the plant
has been extensively investigated for its phytochemical com-
position, antioxidant potential, and antidiabetic potential by
various in vitro and in vivo assays [13, 14]. In our previous
study in diabetic animal model we have found that along
with glucose lowering ability the extract has potential lipid
lowering ability [15]. The present study hypothesis was based
on the results of previous experiments.With the background,
the study aims to evaluate antihypercholesterolemic potential
of Swieteniamahagoni leaf aqueous extract (MAE) in the diet-
induced hypercholesterolemic rat model.
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Table 1: Animal groups, treatment, and dosage (𝑛 = 6 in each group).

Groups Treatment Diet Dosage
I CON Standard diet —
II PCN High cholesterol (2%) diet —
III STN -do- 10mg kg−1 BW
IV MAE-I -do- 250mg kg−1 BW
V MAE-II -do- 500mg kg−1 BW
CON: healthy control, PCN: untreated positive control, STN: statin, MAE-I: 250mg kg−1 BW mahagoni aqueous extract treated group, and MAE-II:
500mg kg−1 BWmahagoni aqueous extract treated group.

2. Materials and Methods

2.1. Chemicals and Reagents. Alanine aminotransferase
(ALT), alkaline phosphatase (ALP), aspartate aminotransfer-
ase (AST), total protein, albumin, urea, creatinine, total
bilirubin, triglycerides, total cholesterol assay kits, and GOD-
POD glucose analysis kit were purchased from Aggappe
Diagnostics, Ernakulam, India. Reduced glutathione (GSH)
and 5,5-dithio(bis)nitrobenzoic acid (DTNB)were purchased
from Sigma-Aldrich, Bangalore, India. All the chemicals and
reagents used in the study were of analytical grade.

2.2. Collection and Preparation of Samples. The leaf of
Swietenia mahagoni was collected from Mysore district of
Karnataka, India, and subsequently identified by Dr. G. R.
Shivamurthy, Department of Studies in Botany, University of
Mysore, Mysore, India. The collected sample was thoroughly
washed under running water to remove adhering dirt and
other foreign particles, dried overnight at 50∘C, powdered,
passed through 60-mesh sieve, and stored in airtight con-
tainer at 4∘C till further use.

2.3. Procurements of Animals and Grouping. Healthy male
adult rats (𝑛 = 30) of Wister strain weighing 130–150 g were
procured from animal house University of Mysore. The rats
were individually housed in polyacrylic cages andmaintained
at 25±2∘C, 45 to 60%RH and 12 h photo period.The rats were
acclimatized for this condition on standard pellet diet (Amrut
Feeds, Pune, India) andwater ad libitum. Using randomblock
design protocol, ratswere segregated into five different groups
as given in Table 1.

2.4. Preparation of High Cholesterol Diet (HCD). High
cholesterol diet was prepared mixing the various proportions
of the ingredients mentioned in Table 2.

2.5. Induction of Hypercholesterolemia. After acclimatization,
hypercholesterolemia in the experimental groups (except
for normal control group) was induced by feeding high
cholesterol diet (HCD) for 4weeks. Bloodwas drawn through
tail vein, initially and after one month, and cholesterol
levels were analyzed in each rat to confirm the onset of
hypercholesterolemic condition. Rats with cholesterol levels
> 120mg dL−1 were selected for the study.

After induction of hypercholesterolemia in the animals,
positive control and normal control groups were treated

Table 2: Composition of the control and high cholesterol diet.

Food ingredients Control diet (g) Experimental diet (g)
Wheat flour 62 60
Soy flour 18 18
Peanut oil 10 10
Sugar 7 7
Salt mixture 2 2
Vitamin mix 1 1
Cholesterol — 2
Cholic acid — 0.25

with saline, standard group was treated with atorvastatin
(10mgKg−1 BW), and two MAE groups were treated with
250 and 500mgKg−1 BWMAE, respectively, for a period of 6
weeks. During the study, food, water intake, and bodyweights
were determined weekly.

After 6 weeks of the experimental period, the animals
were fasted overnight and were euthanized and decapitated
at 10 pm (to compensate for the biological rhythm of
cholesterol synthesis).The bloodwas collected by themethod
of cardiac puncture in procoagulant coated tubes. The blood
was allowed to clot by keeping the tubes undisturbed for
2 h. The coagulated blood was centrifuged at 2500×g for
20min to separate the serum.The serumwas stored at −20∘C
until further use. In the serum, total protein, albumin, total
cholesterol, triglycerides, HDL, LDL, VLDL cholesterol, bile
acids, lipid peroxides, and glutathione were analyzed using
diagnostic kits. The VLDL cholesterol was calculated using
the relation VLDL cholesterol = TG/5. The activities of AST,
ALT, and ALP were determined using respective standard
kits, while the activities of antioxidant enzymes SOD and
catalase were determined by previously described methods
[16, 17].

Liver, kidney, brain, and heart were excised immedi-
ately after decapitation, washed with phosphate buffered
saline blotted using blotting paper, and weighed. HMG-CoA
reductase activity was analyzed in the liver. For homoge-
nization of liver, kidney, and brain, weighed amount of the
organs was taken in phosphate buffered saline (1 : 5 w/v) and
homogenized in ice-cold condition. The homogenates were
centrifuged at 2500×g for 5min to precipitate the unhomog-
enized components and connective tissue. The supernatant
was used for estimation of total protein, glutathione, and
TBARS by previously described methods [18, 19].
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Table 3: Effect of samples on serum biochemical parameters of control and diet-induced hypercholesterolemic rats.

Groups TP Albumin Urea Creatinine
CON 6.42a ± 0.63 4.34a ± 0.38 48.19b ± 7.61 0.64a ± 0.18

PCN 6.92a ± 0.38 3.68a ± 0.19 40.12a ± 2.57 0.74a ± 0.24

STN 6.88a ± 0.42 4.41a ± 0.24 41.34b ± 2.41 0.75a ± 0.42

MAE-I 6.67a ± 0.44 3.98a ± 0.42 43.24b ± 3.18 0.71a ± 0.21

MAE-II 6.52a ± 0.23 3.67a ± 0.34 42.12b ± 2.3 0.69a ± 0.14

CON: control group fed with normal rat chow, PCN: high cholesterol fed positive control group, STN: statin treated high cholesterol fed group, MAE-I:
250mg kg−1 BW mahagoni aqueous extract treated group, and MAE-II: 500mg kg−1 BW mahagoni aqueous extract treated group. Mean values carrying
different superscripts a and b in columns differ significantly (𝑝 ≤ 0.05).
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Figure 1: Body weights of experimental groups. CON: control
group fed with normal rat chow, PCN: high cholesterol fed positive
control group, STN: statin treated high cholesterol fed group, MAE-
I: 250mg kg−1 BW mahagoni aqueous extract treated group, and
MAE-II: 500mg kg−1 BWmahagoni aqueous extract treated group.

2.6. Statistical Analysis. All the experiments were performed
in triplicates.The values for any experiment were mean of the
triplicate values. Values are expressed in mean of triplicate
experiments with standard deviation. For the evaluation of
significant difference, the data were subjected to a one way
ANOVA followed by Tukey’s multiple comparison test for
significant difference at a confidence level of 95% (𝑃 ≤ 0.05)
using SPSS 11.5 software.

3. Results

3.1. Body Weight. The body weights of experimental groups
are presented in Figure 1. It was observed that the increase in
the body weight was higher in the experimental groups fed
with high cholesterol diet when compared to normal control
group fed with normal rodent chow. MAE treatment has
reduced the increase in body weight when compared to PCN
and STN groups.

3.2. Serum Biochemical Parameters. Serum biochemical
parameters in the experimental groups are presented in
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Figure 2: Total cholesterol, HDL, and LDL levels of experimental
groups. CON: control group fed with normal rat chow, PCN: high
cholesterol fed positive control group, STN: statin treated high
cholesterol fed group, MAE-I: 250mg kg−1 BW mahagoni aqueous
extract treated group, and MAE-II: 500mg kg−1 BW mahagoni
aqueous extract treated group.

Table 3. It was observed that there were no significant
changes in the level of serum protein and albumin was
observed between the hypercholesterolemic and normal
control groups. However, there was reduction in the levels
of urea and creatinine was notable between the hypercholes-
terolemic and normal control groups. Treatment with MAE
has improved the levels of both urea and creatinine towards
normal when compared to PCN group and the effect is dose
dependent.

3.3. Lipid Profile. Serum lipid profile of the experimental
groups is presented in Figures 2 and 3. There was elevated
level of total cholesterol, LDL, VLDL, and triglycerides,
whereas there were depleted HDL levels in PCN group when
compared to CON group. MAE and STN treatment has
improved the levels of HDL and normalized the elevated
levels of cholesterol, LDL, and VLDL.

Activity of the enzymeHMG-CoAwasmeasured bymea-
suring amount of CoA released (Table 4).The enzyme activity
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Table 4: HMG-CoA reductase activity, bile acid content, and antioxidant enzyme activities of control and diet-induced hypercholesterolemic
rats.

Group HMG-CoA reductase (nM/mgPro) Bile acid content (𝜇M/dL) SOD (IU/mgPro) Catalase (IU/mgPro)
CON 80.0 ± 4.91 0.442 ± 0.06 5.21 ± 1.10 18.83 ± 4.84
PCN 120.0 ± 7.58 0.650 ± 0.02 8.07 ± 2.38 18.43 ± 1.81
STN 62.0 ± 5.60 0.524 ± 0.06 5.08 ± 1.40 20.41 ± 3.68
MAE-I 61.0 ± 4.15 0.398 ± 0.20 4.82 ± 1.25 19.35 ± 3.58
MAE-II 60.15 ± 3.15 0.351 ± 0.18 4.61 ± 0.9 18.5 ± 2.15
CON: control group fed with normal rat chow, PCN: high cholesterol fed positive control group, STN: statin treated high cholesterol fed group, MAE-I:
250mg kg−1 BWmahagoni aqueous extract treated group, and MAE-II: 500mg kg−1 BWmahagoni aqueous extract treated group.
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Figure 3: Triglycerides and VLDL levels of experimental groups.
CON: control group fed with normal rat chow, PCN: high choles-
terol fed positive control group, STN: statin treated high cholesterol
fed group, MAE-I: 250mg kg−1 BW mahagoni aqueous extract
treated group, and MAE-II: 500mg kg−1 BW mahagoni aqueous
extract treated group.

was highest in PCNgroup compared to STN,MAE, andCON
group. The activity was lowest in MAE treated group and
the values were similar to STN group but higher than the
CON group. The antioxidant components were reduced in
all hyperlipidemic groups compared to CON group. MAE
treatment has improved the levels of SOD and catalase as
an indication of improvement in the antioxidant potential.
Bile acid content was also reduced withMAE treatment; thus,
the MAE treatment has improved the antioxidant defense,
reduced the activity of HMG-CoA, and reduced the contents
of bile acid in the serum.

3.4. Lipid Peroxidation in Various Organs. Lipid peroxidation
in heart, liver, and kidney is presented in Figure 4. Lipid
peroxide content in all organs was highest in PCN group
compared to all experimental groups. Treatment with MAE
has reduced the lipid peroxides in all the organs and the
reduction was more significant in the STN group and was
comparable to CON group.

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

1.0

0.0
MAE-IIMAE-ISTNPCNCON

(n
m

ol
/m

g 
pr

o)
3.0

4.9

3.18

5.3

4.2

7.5

4.7

8.6

2.7

4.5

LPO-H
LPO-L
LPO-K

Figure 4: Lipid peroxidation in heart, liver, and kidney of experi-
mental groups. CON: control group fed with normal rat chow, PCN:
high cholesterol fed positive control group, STN: statin treated high
cholesterol fed group, MAE-I: 250mg kg−1 BW mahagoni aqueous
extract treated group, and MAE-II: 500mg kg−1 BW mahagoni
aqueous extract treated group.

4. Discussion

Feeding of rats with diet containing high content of
cholesterol induces hypercholesterolemic condition with
impaired lipid profile and antioxidant defense. Oxidative
stress, defined as a disruption of the balance between oxida-
tive and antioxidative processes, plays an important role in
the pathogenesis of atherosclerosis [20, 21]. Studies in animal
models and human clinical trials have established a relation-
ship between hypercholesterolemia and lipid peroxidation
[22]. The mechanism of induction of atherogenesis has been
shown to be as a result of the accumulation of oxidized
lipids within the artery wall. High plasma level of cholesterol,
LDL cholesterol in particular, is one of the prominent risk
factors for atherosclerosis and thus cardiovascular diseases
[23]. Medicinal plants and their derivatives are promisingly
gaining wide usage worldwide as they are a potential source
of bioactive agents used as pharmaceuticals [24]. Swietenia
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mahagoni has a wide usage as pharmaceutical agent in treat-
ing diabetes and has anti-inflammatory, antimutagenicity,
and antitumour activities [25]. In the present study, there
was an elevated level of total cholesterol, LDL, and triglyc-
erides, whereas decreased amounts of HDL and antioxidant
enzymes in the PCN group were observed. MAE treatment
has improved the antioxidant enzyme levels, reduced the
cholesterol content, improved the HDL levels, and reduced
the LDL content in the serum, thus promoting the lipid
profile and the antioxidant status to a near normal range.
The overall phenomenon may be attributed by inhibition of
HMG-CoA reductase, which is a regulatory enzyme for the
synthesis of cholesterol from the precursors. Statins, a group
of hypercholesterolemic drugs, act by inhibiting the HMG-
CoA reductase enzyme [26]. Inhibition of cholesterol syn-
thesis further decreases circulating LDL-C because reduced
levels of cholesterol in the hepatocyte cause it to upregulate
expression of LDL-C receptors. In the present study, therewas
lower activity of the HMG-CoA in MAE group; the activity
was lower than the STN group; the effect may be due to the
effect ofMAEon the synthesis of the enzyme rather inhibiting
its activity.

5. Conclusion

With the support of the results of present investigation we
conclude thatMAE acts to improve the hypercholesterolemic
condition by ameliorating dyslipidemia, reducing the content
of HMG-CoA, binding of bile acids, and improving the
antioxidant status.
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