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ABSTRACT. Cardiovascular disease (CVD) remains the major cause of mortality in the world, typically
claiming a third of all deaths. The primary cause of CVD is atherosclerosis. Therefore, timely prevention
and therapy of atherosclerosis are able to reduce the risk of the development of its clinical manifestations.
Anti-atherosclerotic activity of medicinal plants mainly appears in their multiple effects. This study was
carried out to evaluate the hypolipidemic activity of virgin olive oil in experimentally induced hyperlipemic
Wistar. A total of 24 rats were randomly allocated to 4 equal groups and treated as follows for 50 days: (1)
Normal control (NC); that were fed with a standart diet; (2) High Cholesterol Diet Control (HCD); which
received high cholesterol diet for 50 days; (3) Animals receiving high cholesterol diet for 50 days, after this
period the animals are fed for eight days by the standard food and receiving by gavage virgin olive oil
(HCD+VOO) and (4) Animals fed for eight days with the standard food and receiving by gavage olive oil
(VOO). High Cholesterol Diet containing yolk egg and coconut oil. Results showed that olive oil caused a
significant (p < 0.01) reduction in serum levels of Total Cholesterol (TC), Triglycerides (TG), Low-Density
Lipoprotein Cholesterol (LDL) and Atherogenic Index Serum (AIS). The results also demonstrated a
significant (p < 0.01) increase in High—Density Lipoprotein Cholesterol (HDL). Moreover, virgin olive oil
induced a significant reduction in liver lipid content. On the other hand, a High cholesterol diet induced
oxidative stress was measured by estimating reduced glutathione level and amount of thiobarbituric acid
reactive substances (TBARS) formed as an index of lipid peroxidation in a liver and a heart. Virgin olive oil
supplementation attenuated all these variations. Our observations of the study indicate that the virgin olive
oil has a significant antihyperlipidemic potential.
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Introduction

Atherosclerosis, the underlying cause of cardiac ischemia, heart failure, heart attack, stroke, and
peripheral vascular disease, is known to be one of the major causes of death and morbidity worldwide (Kim &
Shim, 2019). There are a number of genetic, metabolic, and environmental factors involved in the formation
and evolution of the atherosclerotic plaque (Markin, Sobenin, Grechko, Zhang, & Orekhov, 2020). A well-
known risk factor in humans is hypercholesterolemia, i.e., elevated total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL) (Pourrajab et al., 2021), and other important contributors to this disease include
inflammation, oxidative stress and insulin resistance (Subramani et al., 2017). The accumulation of LDL in
intima causes oxidation states by increased levels of reactive oxygen species or oxidative enzymes released
by inflammatory cells. These oxidized lipids give rise to over expression of adhesion molecules and secretion
of pro-inflammatory cytokines that promote generation of fatty streaks made of T cells and foam cells loaded
with lipids (Namazi, Shomali, Taghikhani, & Nazifi, 2018).

For the treatment of the atheroscleosis, 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 (Hopewell, Reith, &
Armitage, 2014, Jose, Al-Tamimi, Helal, Jimmy, & Al Riyami, 2014; Diao, Sun, Ma, Li, & Wang, 2018).

Olive oil is the primary source of fat in the Mediterranean diet. A high degree of adherence to the
traditional Mediterranean diet has been associated with a reduced risk of overall and cardiovascular mortality,
cancer incidence and mortality, and incidence of Parkinson and Alzheimer disease (Roman,Jackson, Gadhia,
Roman, & Reis, 2017).
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This study was carried out to evaluate the hypolipidemic activity of olive oil in Wistar rats affected by
experimental hyperlipidemic induced by the intake of high levels of saturated fat and yolk egg. Administration of
high-fat diets to promote atherosclerosis in animal models is a valuable tool for studying pathogenesis and testing
novel compounds for treatment or prevention of atherosclerosis (Namazi et al., 2018).

Over the past 150 years, there have been numerous efforts to explain the complex events associated with
the development of atherosclerosis. This study investigated the hypothesis that oxidative stress is a pivotal
feature of the atherogenesis, and can induce alterations in blood lipid profile and antioxidant. The study
tested whether hyperlipidemia induced changes in lipid profile and antioxidant status and evaluate the effect
of olive oil on plasma lipid and lipoprotein composition and on LDL oxidation susceptibility as markers of
atherosclerosis risk.

Material and methods

Virgin olive oil
The olive oil used in this study was chosen as the best from twelve other samples collected from different

locations in the North-Eastern of Algeria (Jijel, Algeria) and can be considered as appropriate sources of
bioactive phytochemicals. The composition was summarized in Table 1.

Table 1. Characteristics and composition of virgin olive oil used in the dietary intervention study.

Characteristics and constituents Virgin olive oil
pH 7.68
Acidity (%) 0.7+0.14
Peroxide value (meq d’0:Kg™) 1.6 £0.45
Tode value (g d’iode 100 g* d’huile) 87.56 £ 1.796
Fatty acids (%) -
Oleic acid 61.19
Palmitic acid 27.67
Linoleic acid 5.09
Stearic acid 2.96
Palmitoléic acid 2.99
Total polyphenols (ug EAGmg™ of extract) 107.31 £ 1.90
Flavonoids (ug EQmg™ of extract) 0.473+0.0014
Antioxidant activity (DPPH scavenging %) 80.46* 1,58
Sensorial score 3.5

Animals and experimental design

The experiment was conducted on 24 male Wistar rats weighing approximately 200 g. The animals were
divided into four groups of 6 rats in each. The rats were maintained in individual cages, under controlled
temperature, humidity and illumination conditions, with water and diet ad libitum for eight weeks. All
experiments were conducted in accordance with the Guide for the Care and Use of Laboratory Animals of the
Algerian Association for Experimental Science (AASEA) and approved by the Ethics Committee of department
of Biological Science of the Jijel University.

Group 1: Normal Control (NC)

Group 2: High Cholesterol Diet Control (HCD), animals receiving an atherogenic food for 50 days

Group 3: Animals receiving high cholesterol diet for 50 days, after this period the animals are fed for eight
days by the standard food and receiving by gavage virgin olive oil (1% of body weight) (HCD+VOO).

Group 4: Animals fed for eight days with the standard food and receiving by gavage virgin olive oil (1% of
body weight) (VOO).

Hyperlipidemia treatment (atherogenic food)

Rats were made in hyperlipidemia condition with the method described by Metwally, ElI-Gellal and El-
Sawaisi (2009) with minor modification, i.e. rats were given a mixture of yolk egg and coconut oil (80: 20) by
oral gavage as much as 1% of body weight for 50 days. Hyperlipidemia treatment were given to group 2 (HCD)
and group 3 (HCD+VOO) as described above in experimental design.
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Blood sampling and biochemical determinations

The blood samples were taken through retro orbital venous plexus. Blood samples were centrifuged for ten
minutes at 3000 rpm. Serum was analyzed using commercial kits (Biomaghreb Kit) for levels of total cholesterol,
triglycerides, LDL cholesterol, and HDL cholesterol according to the protocol described by the manufacturer. The
Atherogenic Index Serum (AIS) was calculated through the following formula (Balogun & Adebayo, 2007).

Atherogenic Index Serum = Total Cholesterol / HDL cholesterol.

Determination of hepatic lipid content

Liver samples were grinded and subjected to lipid extraction with chloroform: methanol (2:1) as described
by Folch, Lees and Stanley (1957). Twenty grams were blended for 2 minutes with cold chloroform-methanol
mixture (2:1 v v'!) in proportion of 10 ml of solvent mixture per gram of tissue (except 20 ml of solvent per
gram of liver tissue) in a Warring blender. The slurry was immediately filtered and the clear filtrate mixed
with 0.2 of its volume of 0.03M magnesium chloride in a separator flask. The mixture was allowed to stand
overnight at -5°C. Upon standing, a biphasic system was obtained, with essentially all of the tissue lipids in
the lower phase and non-lipid materials in the upper phase. The lower phase was drained out and accurately
measured. An aliquot was taken and evaporated in an oven at 50°C to get the weight of the total lipid. The
result is expressed as a percentage (%) of liver.

Determination of malondialdehyde

Malondialdehyde (MDA) was measured according to the method described by (Sastre, Pallard6, Asuncion,
& Vina, 2000). Homogenates of liver or heart were made prepared at 10% (w v'!) in 0.1 mol L™! Tris-HCI buffer,
pH 7.4. Thiobarbituric acid 0.67% (w v'!) was added to aliquots of the homogenate previously precipitated with 10%
trichloroacetic acid (TCA) (w v'!). Then the mixture was centrifuged, and the supernatant was heated (100°C) for
15 min. in a boiling water bath. After cooling, n-butanol was added to neutralize the mixture, and the absorbance
was measured at 532 nm. The results were expressed as nmol of MDA g'! tissue.

Determination of glutathione

Cellular glutathione content was measured as described by Ellman (1959). 0.5 g of liver or heart tissues
was homogenized with three volumes of TCA (5%) using a grinder DOUNCE. Homogenized and centrifuged
at 2000 rpm, then 50 pl of the supernatant were diluted in 10 ml of phosphate buffer (0.1M, pH = 8).
Consequently, were added 20 pl of DTNB 0.01 M (acid 5, 5 '- dithiobis 2-nitrobenzoic acid) to 3 ml of the
mixture dilution. The measurement of the optic density was performed at 412 nm against a control prepared
in the same conditions using TCA 5%. The concentrations are expressed in mmoles of glutathione /g of tissue.
They are deducted from a range of glutathione, which was prepared with the same conditions as dosage did.

Statistical analysis

Results are given as means * standard deviations. The means were compared using one-way analysis of
variance (ANOVA) followed by a t-test and p-values less than 0.05 were considered significant.

Results

Body weight

By the end of the 50 days there was a significant increase (p < 0.05) in body weight of HCD rats when compared
with NC as presented in the Table 2. The body weight of normal control rats and HCD rats increased by 8.03 and
16.82% after 7th week respectively. While the weight of the HCD+VOO rats increased by 13.99%.

Table 2. Effect of virgin olive oil on body weight (g) of high cholesterol diet Wistar rats.

NC HCD HCD+VOO VOO
Before treatment 203.25+4.11 191.4 +26.03 214.4+17.70 207.8 £ 24.63
After 50 days 221 +8.22 223.6 +20.33* 244.4 +23.20 214.4 +28.39
After 58 days 229.75+9.81 227.4+22.35 240.2 = 21.52 218 £30.56

Values are represented as mean # SD, n = 6. NC: Normal Control; HCD: High Cholesterol Diet Control; HCD+VOO: High Cholesterol Diet rats received
virgin olive oil; VOO: rats received virgin olive oil. *p < 0.05.
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Estimation of biochemical parameters

The Table 3 shows the increased level of Cholesterol, TG and LDL in the HCD rats as compared with the
NC, whereas HDL was significantly reduced. Although, HCD control rats received the virgin olive oil
significantly (p < 0.05) modulated the biochemical parameters and olive oil treated rats confirmed the
recovery of the declined level of HDL.

Table 3. Effect of virgin olive oil on the lipid profile of high cholesterol diet hyperlipemic Wistar rats (mML!).

Groups TC TG LDL HDL
NC 1.62+0.01 1.37+0.96 1.56 £ 0.42 1.39+0.12
HCD 1.71+£0.01 1.80+£0.12° 2.86 +0.02° 1.10£0.07°
HCD+VOO 1.49 £3.63 0.86 +0.54" 1.44 +0.04" 1.17+1.21
VOO 1.37£2.42 1.03£0.24 1.48 £ 0.03 1.34£0.21

Data are represented as mean * SD, n = 6. One-way ANOVA test against High Cholesterol Diet Control (HCD) rats: HDL: high density lipoprotein
cholesterol; LDL: low density lipoprotein cholesterol; TC: total cholesterol; TG: triglyceride; NC: normal control; HCD: High Cholesterol Diet Control;
HCD+VOO: High Cholesterol Diet rats received virgin olive oil; VOO: rats received virgin olive oil. *p < 0.05.

Atherogenic Index Serum

The Atherogenic Index Serum (AIS) of groups are summarized in Table 4. The AIS of HCD rats was
significantly increased (p < 0.05) in comparison to NC rats. The group treated with virgin olive oil showed a
reduction of AIS when compared with HCD and the value decreased from 7.025 * 1.02 in HCD group to 3.89 #
0.83 in HCD+VOO group, equivalent to a reduction of 80.59%.

Table 4. Effect of virgin olive oil on the atherogenic index of high cholesterol diet hyperlipemic Wistar rats.

Groups Atherogenic Index Serum
NC 3.29%0.90
HCD 7.025 % 1.02°
HCD + VOO 3.89+0.83"
VOO 3.14+0.72

Values are represented as mean # SD, n = 6. NC: Normal Control; HCD: High Cholesterol Diet Control; HCD+VOO: High Cholesterol Diet rats received
virgin olive oil; VOO: rats received virgin olive oil. *p < 0.05

Malondialdehyde (MDA)

Virgin olive oil showed a strong effect on lipid peroxidation as shown in the Figure 1. A significant reducing
(p<0.05) of malonedialdehyde (MDA) concentrations in liver and heart of animals treated with virgin olive oil
daily for eight days prior to hypercholesterolimia is observed (11.58 * 1.13 and 7.25 * 1.54 nmol/g tissue
against 20.05 + 0.96 and 18.80 + 1.87 nmolg™! tissue in liver and heart respectively).
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Figure 1. Effect of virgin olive oil on malondialdehyde (MDA) level of liver and heart tissue. The results are represented as mean * SD.
NC: Normal Control; HCD: High Cholesterol Diet; HCD+VOO: High Cholesterol Diet rats received virgin olive oil; VOO: rats received
virgin olive oil. *p < 0.05.
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Glutathione (GSH)

HCD rats show a very significant (p <0.01) decrease in GSH concentrations at 50 days of treatment (0.85 *
0.55 mM g! tissue against 1.59 = 0.32 mM/g tissue and 1.1+ 0.97 mMg"! tissue against 2.90 = 1.76 mM g! tissue
for controls respectively in liver and heart) (Figure 2). The rats post-treated with virgin olive oil show a very
significant increase of GSH levels compared to those HCD (1.2 * 0.98 mM against 1.59 = 0.89 mM and 2.90 *
0.77 mM against 3.1 = 1.02 mM in liver and heart respectively).
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Figure 2. Effect of virgin olive oil on glutathione (GSH) level of liver and heart tissue. The results are represented as mean * SD. NC: Normal
Control; HCD: High Cholesterol Diet HCD+VOO: High Cholesterol Diet rats received virgin olive oil; VOO: rats received virgin olive oil. **p < 0.05.

Hepatic lipid fraction

The Figure 3 shows the levels of hepatic lipid of the experimental groups, hepatic lipid was significantly
increase (p<0.05) in HCD group (47.4 * 0.56), nevertheless, there was a significant decrease in the levels of
hepatic lipid in rats received virgin olive oil (32.45 * 0.63) when compared with HCD rats.
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Figure 3. Effect of virgin olive oil on liver lipids. The results are represented as mean* SD. NC: Normal Control; HCD: High Cholesterol
Diet; HCD+VOO: High Cholesterol Diet rats received virgin olive oil; VOO: rats received virgin olive oil. *p < 0.05.

Discussion

A high cholesterol diet has long been known to produce atherosclerosis in the aorta. For the treatment of
the atherosclerosis, 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. A low
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incidence of coronary heart disease in Mediterranean countries has been correlated with a diet that is rich in
fruit, vegetables, legumes and grains (Amato et al., 2020).

This study clearly demonstrates that a high cholesterol diet (yolk egg) increased significantly the animal
body weights compared to the controls (p < 0.05). This increase could have resulted in the increase in food
and water intakes of rats. Physiologically, the increase in the appetite could be due to orexin, the stimulative
hormone of appetite. Perez-Leighton, Butterick-Peterson, Billington, and Kotz (2013) proposed that
throughout development of obesity, there are changes in orexinergic signaling, perhaps reducing orexinergic
signaling gain by changes in synaptic plasticity, which continue to change orexin system responsiveness and
promote further development of obesity. Animals with diet rich in cholesterol have seen their body weights
increased significantly, thus developed obesity (De Moura e Dias et al., 2021). We know that cholesterol
induces the hormone synthesis such as cortisol, the aldosteron, the testosteron and the oestrogens which are
the sex hormones may be the increasing in cholesterol in the HCD rats would have contributed to increase
the rate of these hormones and induce significantly increasing of body weight in rat fed with HCD (Fidele,
Barama, Talla, & Dimo, 2017).

On the other hand, we observed in HCV group an increased in blood concentrations of cholesterol, TG,
LDL and AIS and decreased HDL. Decreased GSH coupled with increased MDA concentrations in heart and
liver indicate hyperlipidemia and compromised antioxidant status. The elevations in serum cholesterol, TG
and LDL levels observed in this study were in agreement with those reported in several studies (Binmowyna
Alfaris, Almnaizel, Alsayadi, & Abdo al sanea, 2021; Cunha, Ongaratto, Endres, & Barschak, 2021). It has been
reported that high serum abnormally levels of TG and LDL are associated with an increased risk for
atherosclerosis (Nwozo, Kasumu, & Oyinloye, 2015).

The current study showed that administration of virgin olive oil, the primary source of fat in the
Mediterranean diet, reduced the AIS and liver lipids accumulation induced hypercholesterolemic rats. This
study suggested that administration of virgin olive oil reduces excessive accumulation of lipids not only in
the body but also in liver and thus loses body weight gain. Yeh, Cho, Hsieh, and Chiang (2018) confirmed that
the ethyl acetate fraction of Chinese olive fruit extract significantly inhibited body weight gain, epididymal
adipose tissue weight, and hepatic lipid accumulation via regulation of the expression of fatty acid
transporter, lipogenesis, and fatty acid oxidation genes and proteins in C57BL/6 mice fed a 60% high-fat diet.
Therefore, Chinese olive fruits may have the potential to improve the metabolic abnormalities associated with
fatty liver under high fat challenge.

Wani, Rahiman, and Almaden (2017) demonstrated that a mice treated with olive oil showed decrease
serum total cholesterol, serum triglycerides and low density lipoprotein (LDL) levels as compared animal
group fed with high-fat diet. These results are in agreement with the previous studies using different animal
model fed with high-fat diet and olive oil (Alhazza, 2007; Paoli, Cenci, & Grimaldi, 2011; Bigagli et al., 2019).

Khan, Igbal, & Rashid (2017), premeditated effects of olive oil on lipid profile in diabetic patients, they
studied upon 60 patients, and they found a significant reduction in serum cholesterol, TG levels in patients
who used olive oil with statin drugs. Hernaez et al. (2015) assessed the effects of olive oil polyphenols on LDL
concentrations. The consumption of olive oil polyphenols was significantly associated with a decrease in a
total number of LDL particles. They explained the decrease in LDL concentrations through an improvement
in the systemic oxidative status or by an increase in the gene expression of lipoprotein lipase (LPL). Three
different mechanisms may be involved in this hypothesis. First, oxidative stress states are associated with
increased LDL concentrations, especially due to an increased number of small LDL particles (Kotani, Tsuzaki,
Taniguchi, & Sakane, 2012). An improved oxidative status due to the consumption of olive oil polyphenols
may counteract increases in LDL concentrations by decreasing the number of small LDL particles. Second,
increases in the expression of LPL may help the organism to decrease concentrations of TG-rich lipoproteins
(e.g., LDLs), because LPL is the main enzyme involved in the removal of TGs from the blood and presents
some LDL receptor activity (Reiner, 2018). Finally, improvements in general oxidative status have been
associated with a better activity of LPL (Hernaez et al., 2015).

The resistance of lipoproteins to lipid peroxidation is modulated by both dietary fatty acids and
antioxidants. Studies have shown that the intake of MUFA in the diet can modulate the susceptibility of LDL
to oxidative modification. The susceptibility of LDL to oxidation depends on the PUFA/MUFA ratio, their oleic
acid and antioxidant contents, as well as on the size of the LDL particle (Kuna & Achinna, 2013). Olive oil is
a food which, besides high levels of MUFA, contains several minor components with biological properties.
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The beneficial role of olive oil consumption is nowadays widely recognized. However, it is not clear whether
its health effects are due to the presence of monounsaturated lipids and/or to the antioxidant fraction of
microconstituents present in olive oil. At effective doses, omega-3 fatty acids, such as eicosapentaenoic acid
(EPA) and docosahexaenoic acid, have distinct effects on membrane structure, lipid dynamics, and rates of
membrane lipid oxidation. EPA has been found to reduce markers of inflammation, cholesterol crystal
formation, endothelial dysfunction, and oxidative modification of various ApoB-containing lipoprotein
particles as well as increasing the functionality of HDL (Preston Mason, 2019).

Phenols, such as hydroxytyrosol and oleuropein, have shown antioxidant properties in vitro and in vivo
studies (Posadino et al., 2021). However, low polyphenol content olive oil did not further modify HDL levels,
while high polyphenol olive oil increased HDL-cholesterol concentration by almost 50% (Tsartsou, Proutsos,
Castanas, & Kampa, 2019). On the other hand, sterols are bile acid sequestrants and acyl coenzyme A
cholesterol acyltransferase activity (ACAT) inhibitors and its consumption leads to lower levels of plasma LDL
cholesterol (Jesch & Carr, 2017).

The polyphenols of catechin, quercetin, and ethanol exert supportive effects against vascular disease,
which can be explained by increased fibrinolytic activity and expression of the proteins involved in fibrinolytic
system (Sedighi, Bahmani, Asgary, Beyranvand, & Rafieian-Kopaei, 2017).

We also observed the considerably reduce level of MDA and the considerably enhance concentration of the
GSH in olive oil treated rats compared with HCD rats. Musumeci, Trovato, Imbesi and Castrogiovanni (2013)
were studied the effects of dietary oleic acid on oxidative stress induced by exhaustive exercise in rat skeletal
muscle, and were evaluated rats submitted to exhaustive exercise, inducing oxidative stress, and fed with an
experimental chow enriched with oleic acid, present in high percentage in extra virgin olive oil (74-76%).
They observed that, the parameters indicating oxidative stress such as hydroperoxides and thiobarbituric acid
reactive substances decreased, parameters indicating antioxidant defenses of the body such as non-enzymatic
antioxidant capacity and Hsp70 expression increased. This results support the concept that extra-virgin olive
oil, rich in oleic acid, could represent an important protective factor against the uncontrolled production of
ROS arising from physical effort.

Conclusion

The results of our study indicated that virgin olive oil exerted a marked hypolipidemic effect on the plasma
lipids of rats fed an atherogenic diet. The plasma levels of TG, cholesterol and LDL decreased highly
significantly after oral administration of virgin olive oil. These results indicated that virgin olive oil is an
effective treatment to lower cholesterol levels and thus slow down the occurrence and development of CHD.
On the other hand, the virgin olive oil reduced hepatic and heart tissues oxidative stress (MDA), which is
characterized by elevation in the antioxidant glutathione levels. More clinical trials, preferably long-term
studies, are necessary to evaluate and confirm the beneficial effects of olive oil and its compounds on
atherosclerosis.
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