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The study’s aim was to examine the antihyperlipidemic effect of apigenin in mice as a
model. Healthy adult albino mice of either sex were selected to use for this study. Four
groups of animals were formed of 5 mice each. Animals Group 1 served as a negative
control and fed the standard diet and tap water. Groups 2,3 and 4 were fed fatty diet and

Keywords: 1% water with H,O, for 90 days to induce hyperlipidemia. After hyperlipidemic induction,
ﬁg};{ﬁ;"p'dem'c group 2 served as a positive control, whereas group 3 was treated orally with apigenin 50
Flavonoid mg/kg/day for 14 constitutive days. Group 4 was treated by rosuvastatin (an
Lipid profile antihyprlipidemic drug) orally at 7 mg/kg for 14 constitutive days. Blood samples were

collected from all of the animals at the beginning of the study to measure the lipid profile.
Correspondence: Then these were rechecked again after 12 weeks of feeding a high-fat diet, and then at the
Z.S. Hamed end of the experiment for the treated groups. The results demonstrated that the apigenin at

50mg/kg significantly reduced hyperlipidemia manifested by decreased TC, LDL-C,
Triglyceride and elevation of HDL-C in comparison with the positive control group. The
results, obtained by apigenin were the in accordance with those of the standard drug
rosuvastatin for TC and LDL-C. This study concluded that apigenin lowered plasma
cholesterol and triglycerides levels in mice.
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Introduction

Cardiovascular and cerebrovascular disorders are
significant results that take place due to atherosclerosis (1).
Based on epidemiological studies, hyperlipidemia and/or
hypercholesterolemia are a serious independent risk factor
among the causes of atherosclerosis. According to the
American Health Association (AHA), hypercholesterolemia
is described as an extremely large scale of plasma
cholesterol that has arisen as a strong risk factor for
atherosclerotic cardiovascular disease (ASCVD) (2).
Synthetic hypocholesterolemic agents, statins, have been
approved by clinical guidelines as the first option drug for
the prevention and treatment of ASCVD (3). Nevertheless,
a large proportion of the statin-treated patients are still at a
high risk of cardiovascular events known as sediment risk
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(4), due to statin adverse side effects such as liver damage
and toxicity of the muscles. Therefore, in recent years,
research has focused on the quest for natural compounds
that can lower blood fat levels as these compounds have a
wide range of potential uses and social advantages. (5).
Flavonoid plants with antiatherosclerotic effects, decrease
atherosclerotic risk in vitro and in vivo animal models of
atherosclerosis. Flavonoids have been shown to have a wide
variety of biological benefits, including antioxidant, anti-
inflammatory, anti-tumor, anti-genotoxic, anti-allergic,
neuroprotective,  cardioprotective, and antimicrobial
properties (6). Apigenin is a flavonoid that is usually spread
in a variety of temperate and tropical vegetables and fruits.
Celery and other medicinal plants have high amounts of it
(7). Apigenin can also be used in certain plant-based
beverages, such as tea, and in condiments (8). Previous tests
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have demonstrated that in controlling cholesterol there is no
significant effect of the flavonoids on the metabolism of
blood lipids, Apigenin, on the other hand, is essential for
regulating blood fat levels. In the serum of the high-fat
model mouse, it can reduce animal body weight,
triglyceride (TG) and the amount of total cholesterol (TC)
(9). The current research used a mouse model of
hyperlipidemia to test the effectiveness of apigenin in
lowering  cholesterol levels. Additionally,  the
histopathological effects of apigenin in many organs of the
body were assessed.

Materials and methods

Animal source

Twenty of mature male and female albino Swiss mice
were purchased from the Laboratory Animal House of the
College of Veterinary Medicine University of Mosul, Iraqg.
In a clean animal, the mice were raised of the College of
Dentistry, University of Mosul. Healthy adult albino Swiss
mice weighing 20-30 g of either sex were chosen to use for
this study. The animals were habituated in plastic cages at
22+2°C, with a 12-hour light/12-hour dark cycle and free
access to a standard diet and tap water.

Feeding, induction and assessment of hyperlipidemias
Negative control group were fed with standard diet and
water ad libitum. The standard diet consisted of animal
protein 10%, soybean cake 20%, forage yellow corn 55%,
forage wheat 14%, salt 0.5%, lime 0.5%. The positive
control and the experimental groups were fed for 90 days
with fatty diet and water with 1% HO, to induce
hyperlipidemia (10). The experimental two groups were
continued fed with fatty diet to the end of the study. The
fatty diet consisted of wheat flour 34%, barley flour 20%,
corn flour 25%, fatty milk powder 10%, animal protein
10%, salt 1% and vegetable oil and water for knead
(12).

Grouping

Animals were separated randomly into four groups of
five mice each, as follows; Standard diet and water (Group
1); Fatty diet and water with 1% H;O, for 90 days
(Groupll); Hyperlipideamic group + Fatty diet + Apegnin
(Yanhuang Industrial Park, Guanxian, Liaocheng,
Shandong, China) 50 mg/kg for 2 weeks (Group III);
Hyperlipideamic group + Fatty diet + Rosuvastatin (Al-
Tagaddoml/ Pharmaceutical Industries/ Amman-Jordan) 7
mg/kg for 2 weeks (Group V). Dimethyl sulfoxide (DMSO)
(SIGMA-ALDRICH-Merck KGaA, Darmstadt, Germany)
was used as a solvent for preparation of apegnin dose at 50
mg of apegnin dissolved in 5ml of DMSO and normal
saline (NS) (Primeera Healthcare Private Limited /India) as
a solvent for preparation of drug suspensions 20 mg of
rosuvastatin tablet dissolved in 10ml of NS. Then the mice
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were administered 0.2 ml of apigenin and rosuvastatin
respectively by intragastric gavage once per day for 15
consecutive days.

Determination of blood lipid profile in serum

The lipid profile parameters were measured with a
biochemical analyzer (FUJIFILM, DRI-CHEM NX500i,
Tokyo, Japan). At the beginning of the study blood samples
were collected from the eyes of all of the animals to
measure these parameters. Then these were measured again
after feeding on high-fat diet for 12 weeks and then when
the experiment comes to an end.

Histopathological examinations

After the animals were sacrificed, liver, kidneys and
brain were harvested from the mice and immediately fixed
in 10% formalin. The tissues were excised and covered with
normal physiological saline and washed of the fat and
connective tissue attached. In 10% neutral buffered
formalin, dehydrate with graded series of ethyl alcohol and
embedded in paraffin. Blocks of tissues were instantly
fixed. The digital camera attached to light microscope was
used to take photomicrographs of the stained slides (12).

Statistical analysis

The differences between the three study groups were
evaluated statistically using one-way analysis of variance
ANOVA and the least significant difference test. The
significance level was at P<0.05 (13).

Results

Lipid profile testes

The result revealed that mice exposed to HO; in
drinking water for 3 months had significantly elevated
serum total cholesterol, triglyceride, serum LDL cholesterol
and VLDL concentrations on day 60 of treatment (Table 1).
Compared with control and the hypercholesterolemic the
administration of apigenin flavonoid at 50 mg/kg, orally
significantly suppressed the elevated lipid profile (Table 1).
Significant increase in serum HDL-C concentrations
123.3+8.0 and 106.3+7.7 mg/dl were recorded in treated
groups with apigenin and rosuvastatin statin respectively in
comparison with positive control 35.3+2.5 mg/dl and
negative control 64+3.6 mg/dl after two months of
treatment. Histopathologic examinations showed that the
severity of the lesions increased in liver and kidney in the
group on H,0,, which was characterized by congestion of
blood vessels of the hepatic lobules and lymphocytic mass
infiltration around the central vein. In the kidney, there was
the presence of massive aggregation of lymphocytic and
other inflammatory cells in the pelvis of the kidney and
around renal tubules. Apigenin and rosuvastatin treatments
prevented the deleterious histological changes induced by
H>0, in mice (Figures 1 and 2).
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Table 1: lipid profile of the control and treated groups of mice

Mean + SD (h=5 mice/group)

Groups Cholesterol (mg/dl)  HDL (mg/dl)  LDL (mg/dl)  VLDL (mg/dl) _ Triglyceride mg/dI)
Control -ve 64.0£7.0 A 64= 3.6 A 3.5+0.5A 1251 5A 663 A
Control +ve 286.0£87.0 B 3534258  31.7+15B 45:4.8 197.6+ 35 B
Rosuvastatin+Fatty diet 69.0+6.5 A 106.3+7.7C 17.0+2.5A 13.6+1.5A 82+121A
Apigenin+Fatty diet 74.9£105 A 123.3+8.0D 10.2+1.0A 12.1+2.2A 702 A

Different capital letters mean there are significant different in the same column at P<0.05.

Figure 1: A: Photomicrograph of liver of negative control
group (without treatment) showing normal architecture of
liver tissue characterized by central vein (A), hepatocytes
(B) and sinusoids (C). H&E stain, 400X. B: Positive control
histological section of liver showing increased number of
kuffer cells (K) coagulative necrosis of hepatocytes (N) and
presence of binuclear hepatocytes (B). H&E stain, 400X. C:
Rosuvastatin, Necrosis of hepatocytes (N), infiltration of
inflammatory cells around portal area (i) and increased
number of Kupffer cells (K). H&E stain, 400X. Histological
section of liver showing hydropic degeneration(D) and
coagulative necrosis of hepatocytes (N), infiltration of
inflammatory cells as foci (i) and congestion of portal vein
(C). H&E stain, 400X. D: Photomicrograph of mice liver of
Apigenin group showing normal architecture of liver tissue
representing by central vein (A), hepatocytes (B), sinusoids
(C) and portal area (D). H&E stain, 100X.

Discussion

In the last few decades, the application of herbal
ingredients in the healing and prevention of various
ilinesses as an alternative to traditional therapy has
increased due to concerns about the side effects of
traditional medicine (14). Hyperlipidemia in mice fed a
high-fat diet was replicated in the present study. The mice's
serum levels of LDL-C, TG and TC increased significantly
at 12 week of high-fat diet exposure, suggesting that the
hyperlipidemia model was successful. In this research, the
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findings showed that administration of apigenin at a dosage
of 50 mg/kg orally, significantly lowered serum LDL-C,
TG and TC concentrations, and this decrease suggested that
apigenin was shown to be effective at preventing blood
lipid levels from increasing, enhanced cholesterol

metabolism disorder, mitigated hepatic lipid accumulation,
and recovered equilibrium (5).

Figure 2: A: Photomicrograph of kidney of negative control
group (without treatment) showing normal architecture of
renal tissue characterized by glomeruli (A), proximal renal
tubules (B) and distal renal tubules (C). H&E stain, 400X.
B: Positive control, histological section of kidney showing
of hyaline cast (H) necrosis of renal tubules (N), congestion
of glomeruli (C) and infiltration of inflammatory cells (i).
H&E stain, 100X. C: Ruvoststin, histological section of
kidney showing of congestion of glomeruli (C) with normal
architecture  of kidney. H&E stain, 100X. D:
Photomicrograph of kidney of apigenin group showing
normal architecture of renal tissue characterized by
glomeruli (A), proximal renal tubules (B) and distal renal
tubules (C). H&E stain, 100X.

LDL-R is an effective receptor mediating LDL-C uptake
in the liver. After consuming a high-fat diet, it was
observed to be lower than in the normal control group and
apigenin administration can carry LDL-R expression levels
back to approximate normal levels (15). Apigenin can also
increase Superoxide Dismutase (SOD) activity, increase in
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vivo anti-oxidative ability, decrease the amount of
generated low-density oxidative lipoprotein, and prevent the
production  of  atherosclerosis  (16,17).  Apigenin
significantly lowered serum TC, TG, and LDL-C in mice
with hyperlipidemia as well as liver TC and TG
accumulation, according to the results apigenin can lower
cholesterol levels by encouraging hepatic LDL-C
absorption and increasing the transition of hepatic
cholesterol into bile acid (18).

In the current study, apigenin lowered TC and TG, and
this  could be due to the fact that apigenin aids in the
reduction of the function of both HMG-CoA reductase and
acetylCoA  cholesterol-oacetyl  transferase  (ACAT).
Through phosphorylation of enzyme directly responsible
for hypercholesterolemia and decrease activity of enzyme
of cholesterolgenesis. This leads apigenin to regulate serum
lipid profile (19) and it suppress lipid peroxidation level and
rise significantly the antioxidant defense mechanisms of
enzymes (20,21). Apigenin's free radicals scavenging
activities can decrease LDL-C oxidation and minimize its
transport to wvarious tissues. Elevation in HDL-C
concentration after apigenin, may be due to stabilizing
effect of its polyphenols on plasma lipoprotein or due to
systemic effect of flavonoids to modulate different
enzymatic activity that can influence lipoprotein leading to
augmentation of HDL-C. This rise in HDL-C is in line with
previous reports (22), where HDL-C enhances the transfer
of cholesterol from the serum to the liver, to be catabolized.
Apigenin has been used for hypercholesterolemia that act
on elevated TC, TG, level by activating lipoprotein lipase
and clearance of LDL-C and increase in HDL-C (23).
Therefore, in order to reduce oxidative stress and boost the
metabolic process of these tylaxopol, antioxidants that are

free radical scavengers such as apigenin mediate
hyperlipidemic mice. Most flavonoids were effective in
improving the  metabolism  of  cholesterol in

hypercholesterolemic animal models and in inhibiting the
activity of hepatic HMG-COA reductase activity and
cholesterol acyltransferase (ACAT) for cholesterol
synthesis and esterfication. The supplementation of
apigenin may have a beneficial impact on the plasma lipid
profile and on the antioxidant protection system (24) as
found in the present study. After its administration,
apigenin remains in the plasma at high levels. In addition,
this compound induces a large increase in  plasma
antioxidants through the hydroxyl groups that scavenge
reactive oxygen species (ROS) and decrease the
hepatoprotective activity of oxidant compounds (25).

Conclusion
The present study showed apigenin had lipid lowering

effect, as it lowered serum TC, TG, LDL-C, and increased
HDL-C. The findings of this study lay the groundwork for
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future studies into the function of apigenin's role in
cholesterol metabolism regulation.
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