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Abstract The present study aimed to investigate the effect and possible mechanism of action of cro-

cetin on the high cholesterol diet (HCD) induced atherosclerosis rat. TheWistar rats were used in the

current investigation. The rats were divided into following group, Group I: control, Group II: HCD

induced AS, Group III: AS + crocetin (25 mg/kg), Group IV: AS + crocetin (50 mg/kg) and Group

V: AS + Simvastatin, respectively. AS was induced in the rats using the vitamin D3 and HCD. The

rats received the pre-determined treatment for the 10 weeks. After the study period, the level of lipid

profile, malonaldehyde (MDA) and superoxide dismutase (SOD) were also estimated. The proinflam-

matory cytokines viz., tumor necrosis factor (TNF)-a and interleukin (IL)-6 were scrutinized using

the ELISA kits. We also estimated the expression of phosphorylated p38 (p-p38) MAPK using the

Western blot techniques. The results revealed that the AS was successfully induced in the rats. The

AS control group rats showed the modulated level of lipid profile, and decreased the level of the

SOD and boost the level of theMDAascomparedwith the normal control. However, crocetin thrived

in enhancing the lipid profile toward the standard value in the normal control group rats. The crocetin

and simvastatin group rats significantly inhibited the expression of the p-p38 MAPK as compared to

the AS group rats. In conclusion, the current investigation revealed that the crocetin reduced the

HCD induced dyslipidemia in the Wistar rats, the possible mechanism of action may be connected

to the antioxidative, down regulating of p-p38 MAPK and antiinflammatory effect by crocetin.
� 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Atherosclerosis (also known as arteriosclerotic vascular dis-
ease or ASVD) is a specific form of arteriosclerosis in which

an artery-wall thickens as a result of invasion and accumula-
tion of white blood cells (WBCs) (foam cell) and proliferation
of intimal-smooth-muscle cell creating a fibrofatty plaque. The

accumulation of the white blood cells is termed ‘‘fatty streaks”
early on because of the appearance being similar to that of
marbled steak. These accumulations contain living, active
WBCs (producing inflammation) and remnants of dead cells,

including cholesterol and triglycerides. The remnants eventu-
ally include calcium and other crystallized materials within
the outermost and oldest plaque. The ‘‘fatty streaks” reduce

the elasticity of the artery walls. However, they do not affect
blood flow for decades because the artery muscular wall
enlarges at the locations of plaque. The wall stiffening may

eventually increase pulse pressure; widened pulse pressure is
one possible result of advanced disease within the major arter-
ies. Atherosclerosis (AS) is a clinical condition of the choles-

terol, it shows the hardening and narrowing the arteries as
the consequence of manufacturing the fatty material (Wang
et al., 2014a,b). It generally occurs due to the cardiovascular
diseases viz., acute coronary disease, strokes and heart attack.

While, the mechanism of action and occurrence of the AS still
remain not properly explained, few researchers claim that the
few risk factors such as hypotension, diabetes and dyslipidemia

take part in the initiation of AS. Among the different risk rea-
sons, dyslipidemia have an imperative role in the pathogenesis
of the AS, during the dyslipidemia, the patients often confirm

the high concentration of low density protein, which can be
oxidized through vessels cell and changed into the oxidized
LDL. The oxidized LDL level starts the pathological changes

such as inflammation, oxidative stress and endothelium
damage.

For the treatment of the AS, statins are commonly used due
to their excellent efficacy in minimizing the LDL level in the

serum and inhibiting the vascular risk, but the continuous
use of statins lead to more side effects viz., rhabdomyolysis,
myopathy, liver injury, muscle toxicity and acute renal failure

(Jose et al., 2014; Hopewell et al., 2014). Medicinal plant
derived metabolites were known for various biological activi-
ties (Antonisamy et al., 2015; Balamurugan, 2015; Rathi

et al., 2015; Nandhini and Stella Bai, 2015; Kalaiselvi et al.,
2016; Neelamkavil and Thoppil, 2016; Valsan and Raphael,
2016). Consequently, the plant flavonoids having anti-
artherosclerotic effect gained the more popularity and also

proved to inhibit the risk of the CVS including AS in a large
number of clinical and fundamental status (Lo et al., 2012;
Shen et al., 2014; Xing et al., 2013; Noorudheen and

Chandrasekharan, 2016; Santhosh et al., 2016; Sreeshma
et al., 2016; Puthur, 2016; Serasanambati and Chilakapati,
2016).

In the current investigation, we confirmed the protective
effect of the crocetin in the HCD induced AS rats. We hypoth-
esized that crocetin attenuates the expression and instigation of

AS by reducing p38 MAPK pathway and inflammatory
response. We also estimated the crocetin effect on the patho-
genesis of the AS rats. Our data confirmed that the crocetin
treatment considerably prevented the expansion of AS.
2. Materials and methods

2.1. Animal treatment

In the current study, we used the Swiss Albino Wistar rats
(150–210 g). The rats were procured from the Departmental

animal house. The rats were kept in separate cages under nor-
mal laboratory conditions (temperature 24 ± 2 �C, air humid-
ity 50 ± 15%, 12 h light–dark cycle) and had free access to

drinking water and were fed the normal pellet diet for 7 days.
The rats were acclimatization for 7 days, after acclimatization
of rats in the laboratory conditions, the Wistar rats were
divided into the following groups: Group I: normal control,

Group II: normal control treated with crocetin, Group III:
atherosclerosis, Group IV: received crocetin (25 mg/kg),
Group V: received crocetin (50 mg/kg) [23] and Group VI:

treated with simvastatin. The high-cholesterol diet (HCD)
was induced using the vitamin D3 (70 U/kg) for continuous
administration for 3 days. For the HCD, the ingredients such

as normal diet (80.3%), animal oil (11%), cholesterol
(4.5%), sodium cholate (1.5%), propylthiouracil (0.7%) and
refined sugar (4%) were added at the end of the study (9th
week). After 9 weeks, half of the animals were selected from

the normal control group and AS group for the estimation
of whether the AS was successfully induced. The serum sample
of the rats were collected and used for the scrutinization of the

lipid profile such as TG, TC, LDL, HDL and for the
histopathological examination the tissue was selected from
the aortic arch vessel. After replacing the HCD diet

with the normal laboratory diet all group rats received the
predetermined treatment for 10 weeks. After the 10 week
treatment of the rats, all group rats were sacrificed and the

blood samples of all group rats were collected. The blood
samples were centrifuged at 15 g rpm for 15 min and the
serums were used to estimate the different biochemical assay.
At the end of the study, all group rats were sacrificed and

the aortic arch vessel quickly removed for scrutinizing the
histopathological characters, western blot analyses and gene
expression.

2.2. Aortic fatty streak staining

For the Aortic Streak Staining the thoracic aortas were sliced

to describe the intimal surface. The tissue samples were imme-
diately washed with the normal saline and stained using Sudan
IV for 10 min.

2.3. Biochemical assays estimation

The level of the biochemical parameters viz., TG, TC, LDL,
HDL and antioxidant parameter viz., SOD and MDA were

scrutinized using the available kit using the method provided
by the manufacture.

2.4. Estimation of the inflammatory mediator

The proinflammatory parameters viz., TNF-a and IL-6 were
also estimated using the ELISA kits.



Figure 2 Lipid profile of the normal control and AS control

group rats. Values are mean ± SD; n= 10 TG = triglyceride,

TC = total cholesterol, LDL-C = low-density lipoprotein-choles-

terol, HDL-C high-density lipoprotein-cholesterol,

AS = atherosclerosis. Compared with the control group
*P < 0.01.

Figure 3 Effect of crocetin and simvastatin of the TG of all

group rats. Values are mean ± SD; n= 10 TG = triglyceride,

AS = atherosclerosis. Compared with the AS group **P < 0.01.

Figure 4 Effect of crocetin and simvastatin of the TC of all

group rats. Values are mean ± SD; n= 10 TC= total choles-

terol, AS = atherosclerosis. Compared with the AS group
**P < 0.01.
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2.5. Western blot analysis

For the estimation of the western blot sample, the thoracic
samples were homogenized in the homogenizer containing pro-
tease inhibitor and vortexed for ½ h. The tissue samples were

centrifuged at a high speed (15,000� g for 15 min) and the pro-
tein extract (supernatant) was collected, and the concentration
of the protein was estimated using the bicinchoninic acid
(BCA) method. The equal quantity of the samples were placed

on the SDS–PAGE (10%) gels for maintaining the current
120V for 2 h and after that the samples were transferred onto
the PVDF membranes for 1 h at the 100 V. After that the

membrane was blocked for 60 min at room temperature
(37 �C) with non fat dry milk (5%). The primary antibodies
were incubated at 4 �C with the membrane, and followed by

the secondary antibodies which were also incubated at the
room temperature (37 �C) for 60 min.

2.6. Statistical analysis

The results of the current investigation were presented as mean
standard (SD). In the current study the one-way analysis of
variance (ANOVA) was applied for multiple comparisons

and the P value less than 0.05 was considered to be statistically
significant.

3. Result

3.1. Estimation of AS on animal

As presented in the Fig. 1, the weight of the AS control group
had less weight gain as compared to the normal group rats

after the end of the study (9th week). The AS control group
rats demonstrated the increased level of the lipid profile in
the blood such as TG, TC, LDL and decreased level of the

HDL as compared to the normal control group rats (Fig. 2).

3.2. Estimation of biochemical parameters

The figures confirmed the blood lipid profile in all group rats.

Fig. 2 showed the increased level of TG (Fig. 3), TC (Fig. 4)
and LDL (Fig. 5) in the AS control rats as compared with
the normal control. Although, AS control rats received the

crocetin significantly (P < 0.05) modulated the biochemical
parameters and crocetin treated rats confirmed the recovery
of the declined level of HDL at dose dependently (Fig. 6).
Figure 1 Body weight gain of normal control and AS control

group rats. Values are mean ± SD; n= 10 AS = atherosclerosis.

Compared with the control group *P < 0.01.

Figure 5 Effect of crocetin and simvastatin of the LDL of all

group rats. Values are mean ± SD; n= 10 LDL = low density

cholesterol, AS = atherosclerosis. Compared with the AS group
**P < 0.01.



Figure 6 Effect of crocetin and simvastatin of the HDL of all

group rats. Values are mean ± SD; n= 10 LDL = low density

cholesterol, AS = atherosclerosis. Compared with the AS group
**P < 0.01.

Figure 8 Effect of crocetin and simvastatin of the SOD of all

group rats. Values are mean ± SD; n= 10 SOD = superoxide

dismutase, AS = atherosclerosis. Compared with the AS group
**P < 0.01.

Figure 9 Effect of crocetin and simvastatin on the TNF-a of all

group rats. Values are mean ± SD; n= 10 TNF-a = Tumor

necrosis factor-a, AS = atherosclerosis. Compared with the AS

group **P < 0.01.

Figure 10 Effect of crocetin and simvastatin on the IL-6 of all

group rats. Values are mean ± SD; n= 10 IL-6 = interlukin-6,

AS = atherosclerosis. Compared with the AS group **P < 0.01.
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The AS group rats explained the enhanced level of the MDA

(Fig. 7) and declined level of the SOD (Fig. 8) which was sig-
nificantly restored by the crocetin treatment in a dose depen-
dent manner.

3.3. Estimation of the inflammatory cytokines

The level of the inflammatory cytokines viz., TNF-a and IL-6

is presented in the Figs. 9 and 10. Fig. 3 confirmed the
increased level of the inflammatory cytokines (TNF-a and
IL-6) as compared with the control group rats. The AS group
rats treated with the crocetin significantly (P < 0.05) reduced

as comparison with the AS control rats at dose dependently.

3.4. Aortic fatty streak staining

The Fig. 11 demonstrated the considerably enhanced aortic
fatty streak lesions in AS group. Conversely, the AS group rats
that received the crocetin showed considerable inhibition of

the intensity of the aorta intima. The result of the crocetin
group rats was almost similar to that of the simvastatin group
rats.

3.5. Histopathological observation

Fig. 12 demonstrates the histopathological examination of all
group rats. The normal control group rat histopathology

explained the intact and usual aortic intima with orderly
arranged endothelial cells. In the AS control group rats, we
observed the disarrangement of the endothelial cells along with

the proliferation, deposition of the foam cells and thicken
Figure 7 Effect of crocetin and simvastatin of the MDA of all

group rats. Values are mean ± SD; n= 10 MDA =malonalde-

hyde, AS = atherosclerosis. Compared with the AS group
**P < 0.01.
artery tunica as compared to the normal control group rats.
AS control rats received a different dose of the crocetin and
simvastatin that confirmed the thinner aortic tunica as com-
pared to the AS group. The finding of the current investigation

confirm the inhibitory effect of crocetin in the expansion of the
aortic lesion in the AS control rats.

3.6. Western blot examination

For the determination of the phosphorylation concentration of
the p38 MAPK, we used the western blot technique. The figure

displayed that increased level of the phosphorylation concen-
tration of the p38 MAPK in the aortas thoracic in the AS
group as comparison with the normal control rats. The con-

centration of p38 MAPK significantly inhibited by the crocetin
at concentration dependently. The data of the current study
confirmed that the crocetin attenuates the AS induced patho-
genesis via p38 MAPK signaling pathways (Fig. 13).



Figure 11 Aortic fatty streak in all group rats is at the end of the experimental period in different groups. (a) Normal control; (b) AS

group; (c) AS + crocetin (25 mg/kg); d = AS + crocetin (50 mg/kg) e = AS + simvastatin (4 mg/kg); f relative area of fatty streak

lesion. Compared with the control group, ***P < 0.001. Compared with the AS group, ##P < 0.01, ###P < 0.001.

Figure 12 Figure showed the different histopathological changes of the aortic intima in the different group of rats at the end of the

experimental study. (a) Normal control; (b) AS group; (c) AS + crocetin (25 mg/kg); d = AS + crocetin (50 mg/kg) e = AS

+ simvastatin (4 mg/kg);. Five fields of vision were selected to count the number of foam cells in individual experiments (�200). The

thickness of tunica media (M thickness) = (the ring diameter of external elastic membrane–the ring diameter of inner elastic)/2p.
AS = atherosclerosis. Compared with the control group, ***P < 0.001. Compared with the AS group, ##P < 0.01, ###P < 0.001.
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4. Discussion

Various researchers claim that the augmented level of the

serum cholesterol is the imperative feature of the atherogenesis
factor (Li et al., 2008). The epidemiological study confirms the
correlation between the LDL, TC and the serve degree of the
AS, and the elevated level of oxidized LDL was connected with

the enhance frequency of hypertriglyceridemia (Goldstein
et al., 1973). It already proved that the AS clinical complica-
tions were inhibited, and the lifetime was delayed via reducing

the concentration of the blood lipid profile viz., TG, TC and
LDL (Illingworth and Bacon, 1987). However, the concentra-
tion of the HDL was enhanced in the AS conditions, and it
also showed that the HDL was inversely associated with the
risk factor of the AS (Castelli et al., 1986; Gordon et al.,

1989). The current investigation explained that the crocetin
significantly enhanced the hyperlipidemia, confirming that
the crocetin could be beneficial for the lipid profile via attenu-

ating the progression of AS.
The lipid metabolism disorder and inflammatory media-

tors, also arise in the aorta of the hypercholesterolemic rats
(Deng et al., 2006, 2015). The previous reports showed that

the unusual inflammatory reaction may take part in the pro-
gression and expansion of the AS (Haddy et al., 2003). During
the AS condition, proinflammatory inflammatory mediators

viz., (IL-6 and TNF-a) was activated through the macrophage



Figure 13 Figure demonstrated the western blot data. Representative Western blots and p-p38 MAPK expression levels in the rat

thoracic aorta of various groups. (A): Western blot assays for p38MAPK and p-p38MAPK expression. (B): p38MAPK and p-p38MAPK

expression as a ratio to the control. (a) Normal control; (b) AS group; (c) AS + crocetin (25 mg/kg); d = AS + crocetin (50 mg/kg)

e = AS + simvastatin (4 mg/kg). AS atherosclerosis, p38 MAPK p38 mitogen-activated protein kinase, p-p38 MAPK phosphorylated

p38 MAPK. Compared with the control group, ***P < 0.001. Compared with the AS group, ###P < 0.001.
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activation and the endothelial cell propagation. Consequently,

for the treatment of atherogenesis disease, anti inflammatory
therapy was also needed (Voloshyna et al., 2014). In the pre-
sent investigation, we observed that the crocetin not only

restored the level of the lipid profile in the HCD induced
AS, but also attenuated the inflammatory cytokine (IL-6 and
TNF-a) secretion, exposing that the vascular protecting effects

of crocetin could be associated with the minimization of
inflammation response.

It has been proved that the oxidative stress and vascular
inflammation arises during AS expression, which plays a sig-

nificant function in the promotion of the endothelial damage
and expression of the AS disease (Rosenson and Stafforini,
2012; Wang et al., 2013). MDA and SOD, both are the oxida-

tive stress markers. MDA is the significant indicator of the
oxidative stress and its concentration in the serum can be uti-
lized to identify the lipid peroxidation injury (Chen et al., 2014;

Kumar and Bhandari, 2013). Another antioxidant marker
such as SOD is utilized to protect the cell from the oxidative
damage (Wang et al., 2014a,b). In the current investigation,
we observed the considerably reduce level of SOD and the con-

siderably enhance concentration of the MDA in the HCD
induced AS rats. The result of the current investigation showed
that the crocetin enhanced the AS in the rat via attenuating the

oxidative stress.
According to the few researches, p38 MAPK signaling

pathway is connected with the inflammatory response (Craig

et al., 2000; Wang et al., 2014a,b). The level of the IL-6 and
TNF-a was enhanced during the expansion of p38 MAPK sig-
naling pathway (Craig et al., 2000; Illingworth and Bacon,

1987; Kazi and Qian, 2009). In the present investigation, we
found almost alike results with the above discussed studies.
In the current investigation we observed the enhanced concen-
tration of the inflammatory mediators, which revealed the acti-

vation of the p-p38 MAPK signaling. We also scrutinized the
expression of the p-p38 MAPK, which was considerably
amplified in the HCD induced AS rats (Wang et al., 2015).
But, in our experiment we observed the down regulating

expression of p-p38 MAPK in crocetin received rats. The cur-
rent data confirmed that the changes in the concentration of
the inflammatory mediators were strongly connected to change

the p-p38 MAPK. Crocetin received group rats also influence
the proinflammatory cytokines expression via changeable the
p-p38 MAPK pathways. The current effect was connected to

the antioxidant effect of the crocetin because oxidative stresses
encourage the p-p38 MAPK expression.

5. Conclusion

In conclusion, the current investigation claims that the crocetin
reduced the AS expression via inhibiting the inflammatory
response and oxidative stress connected with the p38 MAPK

pathway. Our result in addition tinted the importance of cro-
cetin in the treatment of different CVS including AS.
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