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Abstract 

Background Resveratrol and omega-3 have been shown to prevent atherosclerosis. However, histopathological 
changes and their comparison have not been studied well. This study investigated the therapeutic effects of resvera-
trol and omega-3 in experimental atherosclerosis of mice.

Methods We divided sixty 6-week-old male C57BL/6 mice into six groups and followed for 10 weeks: (1) standard 
diet, (2) atherogenic diet, (3) atherogenic diet along with resveratrol from the start of the sixth week, (4) atherogenic 
diet along with omega-3 from the start of the sixth week, (5) standard diet along with resveratrol from the start of the 
sixth week, (6) standard diet along with omega-3 from the start of the sixth week.

Results The mice fed on an atherogenic diet had a larger fat area and a thicker aortic wall thickness than mice fed 
on a standard diet. The use of omega-3 and resveratrol in the mice with an atherogenic diet resulted in a significantly 
reduced fat area (p-value = 0.003), and resveratrol had a significantly higher effect. Omega-3 or resveratrol induced a 
significant reduction in aortic wall thickness in mice on an atherogenic diet, and there was no significant difference 
between them. Among the mice with a standard diet, this study did not observe any significant changes in the fat 
area or the aortic wall thickness with the consumption of omega-3 or resveratrol.

Conclusions Resveratrol and omega-3 had a regressive and therapeutic role in atherosclerosis, with a more signifi-
cant effect in favor of resveratrol.
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Introduction
Atherosclerosis is the primary cause of the cardiovascular 
disease (CVD), including coronary artery disease (CAD), 
myocardial infarction (MI), stroke, congestive heart 
failure, and peripheral artery disease, and is a chronic 

inflammatory condition. Atherosclerosis is mainly 
located in the intima of medium to large arteries, mainly 
at the bifurcation site [1]. All the risk factors attributed 
to atherosclerosis play a part in exacerbating the underly-
ing inflammatory process [2, 3]. One factor shown to be 
an early event in the atherosclerosis process is oxidation 
[4]. Radical oxygen species (ROS) are imperative cellu-
lar signaling molecules that lead to vascular lesions and 
endothelial dysfunction [5]. The turning point of vascu-
lar endothelial dysfunction is the imbalance between 
the production of vascular protective substances and 
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vascular relaxants, which precedes many vascular patho-
logical processes and the onset of cardiovascular diseases 
[6–8].

The formation of atherosclerotic lesions is character-
ized by excessive accumulation of cholesterol in the arte-
rial intima [9]. Macrophages play an essential role in all 
stages of atherosclerosis. Disruption of lipid homeostasis 
in macrophages in atherosclerosis leads to cholesterol 
accumulation and foam cell formation [10]. Earlier stud-
ies have shown that plaque formation is not just an ongo-
ing process associated with aging. It is a dynamic process 
that can be slowed down, stopped, or reversed [2, 11]. 
Current treatments of atherosclerotic and cardiovascu-
lar diseases mainly focus on statins, which regress plaque 
by reducing lipid content [12]. Although resveratrol may 
be effective in atherosclerosis, it may have additional 
potential benefits as a polyphenol with many pleiotropic 
actions. Resveratrol has been shown to have various ben-
eficial biological effects such as anti-inflammatory, anti-
oxidant, anti-glycosylation, anti-cancer, anti-aging, and 
neuroprotective [13].
Resveratrol is a polyphenol that was first found in the 

roots of Veratrum gandiflorum back in 1939 [14]. This 
polyphenolic phytoalexin is found in grapes, wine, ber-
ries, peanuts, and tea. Resveratrol prevents cardiovascu-
lar diseases by inhibiting radical oxygen species (ROS), 
platelet aggregation, and low-density lipoproteins oxi-
dation [15]. Also, resveratrol elicits a regulatory effect 
on the metabolism of lipids [16]. In a study performed 
by Cheng et  al. on obese mice with a high-fat diet, the 
anti-inflammatory and antioxidant effects of resveratrol 
inhibited the accumulation of lipid droplets in hepato-
cytes, resulting in the protection of the mice from hepatic 
steatosis [17]. In another study by Huo et  al., the anti-
inflammatory effects of resveratrol on diabetic mice with 
coronary diseases led to pancreatic tissue protection and 
a lower serum sugar level, resulting in cardiovascular 
protection [18]. Resveratrol is well tolerated in healthy 
people and by experimental models without significant 
side effects [13]. Resveratrol has low bioavailability and 
rapid metabolism, but despite this, it shows a relevant 
biological effect that may be due to its conversion/inter-
conversion to sulfonate and glucuronide metabolites and/
or its binding/dissociation to plasma proteins, the main 
routes of resveratrol delivery at target organ sites [13].
Omega-3 is a polyunsaturated fatty acid (PUFA) with 

its double bond three atoms away from its methyl ter-
minus [19]. It is mainly known for its anti-inflammatory 
effects partially due to one of its substrates, eicosapen-
taenoic acid (EPA) [20]. Also, omega-3 has antithrom-
botic effects and reduces blood pressure, pulse rate, and 
triglyceride levels [21]. Two randomized clinical trials 

(JELIS and REDUCE-IT) that were carried out in 2007 
and 2020 demonstrated the potential role of EPA in 
reducing atherosclerosis [22, 23]. Omega-3 fatty acids act 
as a substrate for forming a group of lipid mediators that 
relieve inflammation [24].

Pramaningtyas and Faruqy et  al. examined the aorta 
of diabetic rats using Image J software and reported that 
exercise did not affect aortic wall thickness [25]. Bonanno 
et  al., using ultra-high-resolution 3D imaging, showed 
significant differences in average vessel wall thickness of 
the cardiovascular system in atherosclerotic rats on an 
atherogenic diet [26].

Although resveratrol has been shown to have various 
beneficial effects, including effects on atherosclerosis, 
to the best of our knowledge, no studies have been con-
ducted to show the impact of resveratrol on the histo-
pathology of atherosclerosis. Also, the histopathological 
effects of omega-3 on atherosclerosis and its comparison 
with resveratrol are not well studied.

This study explored and compared the potential benefi-
cial effects of resveratrol and omega-3 in the prevention 
and regression of atherosclerosis. Also, this study investi-
gated histopathological factors, including the aortic wall 
thickness and the area occupied by fat droplets in the 
aortic wall.

Materials and methods
Sixty 6-week-old male C57BL/6 mice were obtained from 
the Pasteur Institute of Iran (Tehran, Iran). The experi-
ment complied with ARRIVE guidelines. This study fol-
lowed the National Research Council’s Guide for the Care 
and Use of Laboratory Animals. This study was approved 
by the Research Ethics Committee of Tehran University 
of Medical Sciences (Approval number: 94–03–191-
30,088). All mice were housed in plastic cages with a 
stainless-steel gird lid and wood shaving scattered on the 
floor. The vivarium was maintained at 23 °C on a 12-h 
light-dark cycle with lights off at 7 pm. The mice were 
acclimatized for 2 weeks and fed a regular commercial 
mouse diet (Behparvar co, Iran. This company produces 
food for laboratory animals, including mice). At the 
start of the trial, the mean mouse weight was 24 ± 2.6 g. 
Throughout the experiment (10 weeks), the mice were 
given free access to food and water.

To produce the atherogenic diet, 1.25% cholesterol, 
0.5% cholic acid, and 15% fat were added to the powdered 
standard diet pellets. The components were mixed for 
45 min, formed into a dough with double-distilled water, 
rolled into pellets, and then allowed to dry for 1 day in a 
dehydrator at 29 °C and an additional 2 or 3 days in a 37 °C 
room [27, 28]. In addition, the pellets were provided to the 
animals every week, and the mice were fed fresh food from 
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the refrigerator every day. The mice were also randomly 
divided into six groups. Ten mice were in each group.

Group 1 (control) had a standard diet for 10 weeks. 
Group 2 had an atherogenic diet for 10 weeks. Group 3, 
on the other hand, had an atherogenic diet for 10 weeks 
along with 20 mg/kg/day resveratrol [29] from the start of 
the sixth week. Group 4 also had an atherogenic diet for 10 
weeks, yet along with 600 mg/kg/day omega-3 [30] from 
the beginning of the sixth week. However, group 5 had a 
standard diet for 10 weeks and 20 mg/kg/day resveratrol 
from the start of the sixth week, and group 6 had a standard 
diet for 10 weeks along with 600 mg/kg/day omega-3 from 
the beginning of the sixth week. In this study, mice were 
given the prescribed diet for 5 weeks to reach a balanced 
state, and at the end of the fifth week, we started the treat-
ment with resveratrol or omega-3 in the target groups.

The resveratrol - a Trunature Company, USA product 
- was in the form of soft gels containing 250 mg of this 
substance. The omega-3 from Zahravi Company (Tabriz, 
Iran) was also in the form of soft gels containing 360 mg 
of this compound. Resveratrol and omega-3 were added 
to the drinking water of the animals. Each mouse con-
sumed about 5 mL of water per day [31].

The mice were weighed weekly. At the end of the trial, 
the mice were fasted between 8 to 12 hours. Then they 
were killed by carbon dioxide inhalation [32]. Immedi-
ately after euthanasia, about 0.5 and 1.0 mL of blood was 
collected from each mouse using cardiac puncture. The 
blood was transferred to a test tube, and then its serum 
was separated by centrifugation at 1500 r/min for 15 min-
utes. ELISA analyzed the serum to measure the lipid pro-
file, and LDL/HDL cholesterol ratio was calculated.

Furthermore, heart tissue was examined under a loupe 
to find the aortic arch. The tissues taken from animals 
were fixed in 10% neutral buffered formalin, processed 
with the standard histological method, and the sections 
were stained with Hematoxylin and Eosin (H&E) [33, 

34]. The current study used a simple, accessible, yet accu-
rate method to achieve results and evaluate the aortic 
wall thickness. Besides that, this study investigated the 
intensity of fat accumulation by using and presenting a 
method, including measuring the areas occupied by fat. 
In other words, the current study tried to evaluate this 
aspect of atherosclerotic lesions using a method that eas-
ily yields logical results. Histopathological changes in the 
aorta of mice were studied by a microscope equipped 
with a camera (Tucsen, H series). This study measured 
the thickness of aortic walls (μm) and the areas occu-
pied by fat (fatty streaks) (μm2) by Radical IS Capture Pro 
software.

The Radical IS Capture Pro software (Radical Scien-
tific Equipment PVT. LTD) can measure the length or 
distance between any two specified points. Therefore, 
we were able to measure the thickness of the aorta. This 
study also determined the range of fat droplets using this 
software. The average area occupied by fat in all slides of 
each group is a sample of the fat area of that group.

Data analysis was performed using the SPSS soft-
ware version 22 for windows (SPSS, Inc.). Results were 
expressed as the mean ± standard deviation. The six 
groups were compared using one-way ANOVA. Mean 
levels of serum lipid profile were calculated. We consid-
ered a p-value lower than 0.05 statistically significant.

Results
The stages of progression and regression of the fat area 
and the aortic wall thickness of the mice are given in 
Table 1. The mice fed on an atherogenic diet had a larger 
fat area and a thicker aortic wall than those fed on a stand-
ard diet. The largest fat area was observed in mice fed on 
a drug-free atherogenic diet (1880.0 ± 16.6 μm2). Com-
pared to the drug-free atherogenic diet group, the use 
of omega-3 and resveratrol in the mice fed on an athero-
genic diet significantly reduced fat area (1481.7 ± 29.3 and 

Table 1 Stages of progression and regression of fat area surface and thickness of the aortic wall in this study

Data are presented as mean ± SD

*: p-value ≤ 0.05, vs. all groups

#: p-value ≤ 0.05, vs. atherogenic diet with or without drug

$: p-value ≤ 0.05, vs. all groups except atherogenic diet with resveratrol

¥: p-value ≤ 0.05, vs. all groups except atherogenic diet with omega-3

Atherogenic diet Standard diet P-value

– Omega-3 Resveratrol – Omega-3 Resveratrol

Fat area sur-
face (μm2)

1880.0 ± 16.6 * 1481.7 ± 29.3 * 1007.2 ± 13.3 * 213.2 ± 10.2 # 207.7 ± 10.5 # 202.8 ± 10.9 # 0.003

Thickness of 
the aortic wall 
(μm)

115.6 ± 9.1 * 100.9 ± 16.1 $ 89.6 ± 14.9 ¥ 38.3 ± 5.0 # 37.9 ± 7.4 # 37.2 ± 7.2 # 0.011
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1007.2 ± 13.3 μm2) (p-value < 0.001). Also, we observed a 
significantly higher effect of resveratrol than omega-3 in 
limiting fat area progression in the atherogenic diet mice 
(p-value < 0.001). Similar to the fat area surface, the thick-
est aortic wall was found in mice who received a drug-free 
atherogenic diet (115.6 ± 9.1 μm). Omega-3 or resveratrol 

consumption significantly reduced aortic wall thickness 
(100.9 ± 16.1 and 89.6 ± 14.9 μm) among mice fed on an 
atherogenic diet (p-value < 0.05). However, there was no 
significant difference between the effects of omega-3 and 
resveratrol on aortic wall thickness in mice fed an athero-
genic diet (p-value = 0.279).

Fig. 1 Histopathological changes of the aorta in the studied groups
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Among the mice fed on a standard diet, this study did 
not observe any significant changes in the fat area with 
the consumption of omega-3 (207.7 ± 10.5 μm2) or res-
veratrol (202.8 ± 10.9 μm2) compared to the group with 
a drug-free diet (213.2 ± 10.2 μm2) (all p-values > 0.05). 
Similar results were applied for the thickness of the aortic 
wall among mice fed on a standard diet (38.3 ± 5.0 μm), 
standard diet and omega-3 (37.9 ± 7.4 μm), and standard 
diet and resveratrol (37.2 ± 7.2 μm) (all p-values > 0.05). 
Figure 1 shows the histopathological changes.

Lipid profile components in the studied groups, includ-
ing TG, TC, LDL-C, and HDL-C levels, are shown in 
Fig.  2. The mean levels of TC and LDL-C showed a 
decreasing trend among groups that received treatment 
(P-trend = 0.532), while mean levels of HDL-C did not 
change significantly and were relatively stable after 10 
weeks (P-trend = 0.315). Furthermore, the LDL/HDL 
cholesterol ratio was lower in mice receiving treatment, 
especially resveratrol, either fed on a standard or athero-
genic diet (Fig. 3).

Discussion
This study evaluated the potential effects of resveratrol 
and omega-3 on atherosclerosis. Features of athero-
sclerosis, such as incidence of fatty streaks, thickened 
aortic wall, and increased serum LDL/ HDL ratio, were 
observed in the mice receiving atherogenic diets in the 
fifth week but more severe in the tenth week. The area 
occupied by fat droplets was considered and measured as 
an indicator of the fatty streak. According to the author’s 
knowledge, this is the first time that the fat-occupied area 
in the aortic wall is calculated as a symbol of the fatty 
streak.

In the current study, resveratrol and omega-3 signifi-
cantly inhibit the process of atherosclerosis in mice by 
reducing the area occupied by fat, the aortic wall thick-
ness, and the LDL/HDL ratio. Even in mice receiv-
ing standard diets, the addition of treatments reduced 
fat area, the aortic wall thickness, and the LDL/HDL 
ratio. Also, resveratrol showed to be more effective than 
omega-3.

Various strategies have been proposed to prevent 
and reverse plaque formation, including diet modifica-
tion, dietary supplements, and medications [20, 24, 35, 
36]. Some essential oil compounds, such as eucalyptol, 
can prevent atherosclerotic lesions in the rat model by 
decreasing glycation, oxidative stress, and inflamma-
tory mediators [37]. Since 1992, when the cardioprotec-
tive effects were attributed to red wine’s moderate and 
chronic consumption, several studies have been con-
ducted to prove this effect and find its mechanism [38–
40]. Resveratrol is a phenolic compound in red wine that 

Fig. 2 Lipid profile in the studied groups
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has attracted attention for providing an alcohol-free anti-
oxidant [41].

The general mechanisms of the anti-atherosclerotic 
effect of resveratrol and omega-3 are almost identical. 
The antioxidant effect mainly exerted by resveratrol is 
due to increased nitric oxide synthesis [15, 42], while it is 
exerted by omega-3 further due to reduced production of 
inflammatory mediators and cytokines [20].

Resveratrol and omega-3 reduce platelet aggregation 
and inhibit thrombus formation [20, 35, 43]. Reducing 
the number of macrophages within the plaque [21] and 
modulating the LDL uptake by them (diminished foam 
cells) under the influence of omega-3 [44], as well as 
inhibiting LDL peroxidation and vasorelaxant effect in 
the influence of resveratrol [15, 16, 43, 45], lead to lim-
ited fatty streak and plaque size. Decreased plaque size 
and the number of foam cells occurred in both treatment 
groups in this study.

In addition to these similar mechanisms, resveratrol 
and omega-3 have different and unique mechanisms 
that may have different effects. Based on the results of 
this study, resveratrol was able to be more effective than 
omega-3 in the prevention and the regression of athero-
sclerosis in mice, which may be due to its phytoestrogenic 
properties [43] or its ability to increase mitochondrial 
regeneration and activity [35, 43, 46]. With such a protec-
tive effect, resveratrol can be an excellent complementary 
to statins, which have been mainly used to prevent and 
treat atherosclerosis [47]. Studies have shown that statins 
may interfere with mitochondrial activities, and some 
adverse effects may be caused directly or indirectly by the 
mitochondrial pathway [48]. In addition, statins stabilize 

atherosclerotic plaque with thickened fibrous caps and 
macrocalcifications [12].

Kakoti et  al. showed that combination therapy with 
resveratrol and omega-3 is more valuable, especially in 
chronic diseases such as Alzheimer’s and atherosclerosis. 
However, the findings were focused on serum concentra-
tions of inflammatory mediators and not on histopatho-
logical parameters. The combined effect was to reduce 
inflammation by reducing nitric oxide (resveratrol effect) 
and prostaglandins (omega-3 impact) [35].

In this study, the LDL/HDL ratio (as a marker of ath-
erosclerosis [49]) was significantly increased in mice fed 
on an atherogenic diet (p-value = 0.008). Both resvera-
trol and omega-3 reduced the LDL/HDL ratio in mice 
receiving an atherogenic diet. At the same time, neither 
of these substances significantly affected the LDL/HDL 
ratio in mice fed on a standard diet.

In the current study, mean levels of TC and LDL-C had 
a non-significant downward trend among groups receiv-
ing treatment. However, after 10 weeks, no significant 
changes were observed in mean HDL-C levels. The effect 
of resveratrol or omega-3 on serum lipid profile is highly 
controversial. Recent in vivo studies have failed to show 
a significant effect of resveratrol on serum cholesterol 
levels [43, 50]. However, in some cases, total cholesterol 
was reduced in resveratrol-treated hypercholesterolemic 
rats [43, 51]. Penumathsa et  al. conducted a study on 
rats. They showed that the lipid level was decreased in 
all the treatment groups, more significantly in the statin-
treated group when compared to the resveratrol-treated 
group [42]. The hypocholesterolemic effect of resvera-
trol may be due to its phenolic hydroxyls, which lead to 

Fig. 3 LDL/HDL ratio in the studied groups
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the oxidation of unsaturated fatty acids and the reduc-
tion of circulating cholesterol [52]. Studies reported 
that omega-3 does not affect serum cholesterol levels 
[53], while other studies showed that omega-3 could 
increase HDL [54, 55] or decrease the ratio of total cho-
lesterol to HDL [55, 56]. The increase in HDL-C induced 
by omega-3 may be explained by increased lipoprotein 
lipase (LPL) activity [54]. The controversial results may 
be due to the different conditions of the studies.

There are several limitations in this study:

1. The current study did not investigate the treatment 
with the combination of resveratrol and omega-3 and 
its histopathological changes.

2. This study did not look for changes at the cellular 
scale and did not use monoclonal antibodies and 
IHC. We only wanted to study histopathological 
changes and look for an easy way to record changes 
in aortic wall thickness and fat deposition.

3. Oil Red O staining was not used in this study.

Further studies can investigate the potential effects 
of combination therapy in atherogenic or standard diet 
groups. Also, the treatment can be applied for a more 
extended period. A comparative study between res-
veratrol and statins may add to the knowledge. Further 
research is needed, especially clinical trials in humans, to 
confirm the protective action and demonstrate the clini-
cal aspects of resveratrol.

Conclusion
In the current study, resveratrol and omega-3 signifi-
cantly had a regressive and therapeutic role in atheroscle-
rosis, with a more significant effect in favor of resveratrol. 
More studies are needed to investigate histopathologi-
cal changes and better understand their mechanism of 
action.
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