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Abstract

Background: Reactive oxygen species are produced through many internal and external
processes. Its negative effects are neutralized by the antioxidant defenses.

Aim: To study the role of local olive oil and Hydroxytyrosol in improving the level of
oxidation - antioxidants balance.

Materials and methods: In this study 30 males from white rats were used. They were
divided into 6 groups with close weights. The first group (control group) was given a
standard diet and the second group (cholesterol group) was given a diet containing 2%
cholesterol throughout the eight-week trial period, while the third, fourth, fifth and sixth
groups were given a high-cholesterol diet for two weeks and then gavages with LOO only,
HXT only, LOO + HXT and ATOR respectively for six weeks while continuing on the diet
rich in cholesterol.

Results: The results of the study showed a significant increase (P< 0.05) in malondialdehyde
level and a significant decrease in the level of glutathione and catalase. Additionally, liver
histological changes induced, which include fibrosis (F), central vein well thickening
(CVWT), lymphocytes infiltration (LI) with bile ducts sclerosis (BDS), congestions (CON),
note degeneration (D) and necrosis (N) in infected cholesterol group compared to the healthy
control group. While the groups of infected animals that were gavages with OO, HXT, OO +
HXT and ATOR drug showed an improvement in all the above variables, as LOO + HXT
substance exceeded all treatments.

Conclusion: oxidative stress is associated with many chronic diseases and that the synergistic
role of LOO and HXT played a key role as an antioxidant and positively influence the liver
damages induced by oxidative stress.

Keywords: Olive Oil, Hydroxytyrosol, ATOR, GGT, MDA.

Introduction
The increase in total cholesterol in the blood is a major cause of impairment in TG
metabolism, which leads to the accumulation of free fatty acids (FFAs) in the liver, leading to
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a disorder known as fatty liver [1]. Since cholesterol in the body is derived from dietary
intake and biosynthesized de novo, 70% of the daily total cholesterol requirements are
synthesized in the liver, and the rest comes from dietary intake [2]. Under certain conditions,
cholesterol obtained from diet with cholesterol that is synthesized may exceed the body’s
requirements to produce cellular membranes, steroids, or bile and this excess cholesterol
accumulates in the blood vessels and leads to the formation of plaques that contribute to the
development of various cardiovascular diseases [3]. The expansion of the accumulation of
fatty acids in the liver leads to an increase in peroxisome and mitochondrial B-oxidation,
which results in the production of reactive oxygen species (ROS), which in turn may
stimulate the generation of a local inflammatory condition that causes progression in liver
injury [4]. When the body's ability to store fat in white adipose tissue was limited, the fat
spreads to non-adipose tissue, such as muscles, liver, kidneys, and pancreas [5]. Excessive
feeding with a high amount of saturated fat is the leading cause of nonalcoholic fatty liver
disease (NAFLD) and is the most common chronic liver disease in the world [6,7]. This
disease is characterized by liver steatosis due to the abnormal accumulation of fat, especially
triglycerides in the liver cells [8]. Although anti-fat medications have a rapid effect in
reducing fat, their use is limited due to their side effects [9]. And still are the ability of statins
to prevent cardiovascular events is limited by 30% to 40% in treated patients even when
using an intense statin treatment [10, 11]. Moreover, it has recently been shown that taking
supplements containing olive-oil rich in anti-oxidant polyphenols reduces the harmful effects
of a high-fat diet in rat liver, modifies oxidative stress and maintains tissue levels of long-
chain polyunsaturated fatty acids long chain polyunsaturated fatty acids (LC - PUFA) [12]. In
the same way, daily intake of HXT, by consuming olive oil and table olives, demonstrated
anti-proliferative, anti-cancer and anti-apoptotic activity [13,14]. Thus the present study was
conducted to evaluate the protective antioxidant effect of LOO, HXT and GGT.
Materials and Methods
Materials

Local olive oil (LOO) was obtained from the Kamaran laboratory in Kirkuk
governorate, and the rats were gavages with a concentration of 1/2 ml/kg of body weight.
Hydroxytyrosol (HXT) was obtained from Shaanxi Bolin Biotechnology - Shaanxi of China,
and the rats were gavages with a concentration of 50ul / kg of body weight. The Atorvastatin
(ATOR) used in this experiment was a product of the International Pharmaceutical Industries
/ Amman / Jordan, and the rats were gavages with a concentration of 2.06 mg/kg [15].
The Animals

Thirty Sprague dawley male white rats were used in the study with age of (16-18)
weeks and weight of (200-260) grams. Animals were placed in cages designed for this
purpose (clean and sterilized). The animals were subjected to laboratory conditions that
included 12 hours of light and 12 hours of darkness. The temperature was established at (22 +
2) °C. The animals were left for two weeks to adapt to the new breeding conditions and to
ensure that they were free of diseases, and they fed on the diet (25% wheat, 45% yellow corn,
20% soybeans, 10% concentrated animal protein, 1% powdered milk with adding of vitamins
(50 g /100 kg), preservatives and anti-fungal materials [16]. And given food and water
continuously throughout the experiment.
Experiment Design

This study used 30 male from adult albino rats distributed into 6 groups, each group

included 5 animals with about the same weights. Healthy animals were fed on the standard
diet during the eight-week trial period, while the treated animals feed on the diet containing
cholesterol (2%) [17] for two weeks, then administered LOO, HXT, and ATOR for six weeks
while continuing on the cholesterol-rich diet as follows.
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1. The first group (control group): This group was given a standard cholesterol-free diet and
gavages with distilled water.

2. The second group (the cholesterol group): This group was given a standard diet plus
cholesterol (2%) and gavages with distilled water.

3. The third group (the group of cholesterol and LOO): This group was given a standard diet
plus cholesterol (2%) and gavages with LOO at a concentration of (1/2 ml/kg) of body
weight.

4. The fourth group (cholesterol group and HXT): This group was given a standard diet plus
cholesterol (2%) and gavages with HXT at a concentration of (50ul/ kg) of body weight.

5. The fifth group (cholesterol group and LOO + HXT): This group was given a standard diet
plus cholesterol (2%) and gavages with LOO at a concentration of (2/1 ml/kg) + HXT at a
concentration of (50ul/ kg) bodyweight.

6. The Sixth group (the cholesterol group and ATOR): This group was given a standard diet
plus cholesterol (2%) of the weight of the diet and was gavages with ATOR at a
concentration of (2.06 mg/kg) of body weight.

Collection of Blood Samples:

Blood samples were collected 8 weeks after the start of the experiment. The animals
were starved for 12 hours and then anesthetized with ketamine and xylazine in doses of 5-35
mg/kg of body weight by intramuscular injection [18]. Blood samples were drawn from the
heart, the blood was placed in plastic tubes free of anticoagulant and left for 15 minutes at
room temperature until blood coagulation, and then the tubes were placed in a centrifuge at a
speed of 3000 r / min for 15 minutes to obtain a serum. The serum was kept at a temperature
of -20°C until the chemical analysis. Liver was extracted for histological study.

Biochemical Tests in Serum:

The malondialdehyde (MDA) concentration was estimated using the thiobarbituric acid
(TBA) reaction method [19]. Glutathione (GSH) was determined by using axis Elman's
method [20]. The efficacy of catalase (CAT) was estimated as described before [21]. The
efficacy of gamma-glutamyltranspeptidase (GGT) was estimated using a kit purchased from
BIOLABO (France).

Histological Preparations:

After the animals were dissected, the liver was extracted and washed with a
physiological solution. Samples were prepared using microscopic tissue sections [22]. Using
hematoxylin and eosin as staining dye. After completing the preparation of the microscopic
tissue sections, they were examined by optical microscopy.

Statistical analysis:

Statistical analysis of the results was conducted by ANOVA analysis of variance. The
significant differences were determined according to Duncan's multiple ranges and at a
significant level (P<0.05) [23].

Results and Discussion:
Antioxidant in serum:

The results in Table 1 shows a significant increase (P<0.05) in srum MDA level and a
significant decrease in serum GSH level and catalase (CAT) enzyme in the cholesterol group
compared to the healthy control group. Additionally, It is noted that the administration of
LOO, HXT, LOO + HXT and ATOR to the animals induced a significant (P<0.05) reduction
in serum MDA concentration and a significant increase in the level of GSH and CAT as
compared to cholesterol group. The best effect was induced by treatment with LOO + HXT,
followed by HXT, LOO, and ATOR.

The results of the current study are consistent with others findings [24], as they
reported that hypercholesterolemia in rabbits caused liver toxicity by producing free radicals,
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an increase in MDA concentration, a decrease in enzymatic antioxidants such as SOD and
CAT in addition to a decrease in GSH concentration. The decrease in GSH concentrations is
due to increased demolition and reduced formation inside the liver cells, as it may be due to
the high concentrations of MDA. In addition, it may be due to the low concentration of high-
density lipoproteins (HDL-c) in the serum, as the relationship is inverse between the
concentration of both MDA and HDL-c [25]. As for the role of LOO, the present study
results are consistent with a study [26] that studied the effect of virgin olive oil as treat for
oxidative stress in male rats. They [26] found that rats treated with virgin olive oil showed a
decrease in the MDA level and increase in the level of GSH, CAT, and SOD compared to
treated group. To overcome oxidative stress, antioxidants and plant phenols are chemical
agents against stress-related illnesses. Virgin olive oil has anti-oxidant properties and positive
effects against oxidative stress [27]. As for the antioxidant effect of HXT, the present study
results are consistent with others findings [28]. It was found that HXT was able to reduce the
concentrations of hydroperoxide, MDA and increased plasma antioxidant capacity of the rat
hyperlipidaemia model, also demonstrated that HXT increases SOD expression, and CAT
activity in cellular culture, indicating a decrease in the oxidation state [29,30]. LOO + HXT
together administration reduced serum concentration of MDA and increased the level of GSH
and CAT compared to the affected group. A study performed in 45 healthy adults [31] shows
that regular consumption of virgin olive oil rich in phenolic compounds increases the plasma
antioxidant capacity and activity of its enzymes (CAT and SOD) and reduces the
manifestations of oxidative stress.

Oleic acid being the main fatty acid found in olive oil is less prone to oxidation than
polyunsaturated acids that are found in seed oils, and the high content of the anti-oxidant
polyphenols (HXT, Oleuropein) makes virgin olive oil relatively stable and resistant to
oxidation [32].

As for the role of ATOR and its effect on oxidative stress factors, the present study
finding agrees with other study [33] that reported a reduction of hyperlipidaemia and MDA
with an increase in glutathione concentration. Also agrees with other study [34] that observed
a significant decrease in MDA concentration after ATOR administration to treat
hyperlipidaemia in rats.

Table (1) The effect of HXT and LOO and ATOR on MDA, GSH, and CAT
concentration in serum of albino rats with cholesterol treatment.

Groups Control Hyperlipidaemia Olive Oil HXT +HLD Olive Oil ATOR
(HLD) +HLD +HXT +HLD
Paramete +HLD
MDA (umol/l) | 168.4+7.99 b 212.6+3.82 a 161.7£3.99b | 155.2+4.38c | 145.2+4.46d | 167.6+3.61Db
GSH (umol/l) | 220.6+7.61b 177.6+6.81 d 219.2+5.01 b | 251.5+10.54 a | 263.7£3.68 a | 204.1+5.59 ¢
CAT (U/ml) | 142.7+7.32a 91.2+6.24 d 100.2+£2.76 ¢ | 112.6=4.05b | 144.2+545a | 108.6x1.98 b

*Values are expressed in mean + standard deviation.
*The number of rats (5) in each group.
* The numbers followed by horizontally different letters indicate a significant difference
at the probability level (P<0.05).
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Effectiveness of GGT

The results in table 2 showed a significant increase (P<0.05) in the efficacy of serum
gamma-glutamyltranspeptidase (GGT) in the treated animal group in comparison with the
healthy control group. The groups of treated animals that were gavaged with LOO, HXT, and
LOO + HXT showed a significant decrease (P<0.05) in the effectiveness of GGT compared
with the treated group whereas the gavaged group with ATOR was not significantly
decreased. The potent effect induced by administration of LOO + HXT, followed by HXT
and LOO.

Table.2. Effect of HXT, LOO, and ATOR on GGT effectiveness in serums of albino rats
with treated cholesterol.

Groups Control HLD Olive Qil | HXT +HLD | Olive Oil | ATOR +HLD
+HLD +HXT
Parameters +HLD

GGT(IU/L) | 5.410+1.50¢ | 9.32+1.70a | 7.31+1.17b | 6.61£0.79 b | 5.53+0.55c | 8.24+1.70 a

*Values are expressed in mean =+ standard deviation.

*The number of rats (5) in each group.

*The numbers followed horizontally different letters indicate a significant difference at
the probability level (P<0.05)

The results showed that the induction of hyperlipidaemia in rats led to an increase in
the effectiveness of serum GGT compared to the healthy control group and this is consistent
with others [35] as there was an increase in the effectiveness of serum GGT when treating
rats with a high-fat diet compared to the healthy control group. The reason for structural and
functional damage to hepatocytes was due to hyperlipidaemia with the subsequent occurrence
of fatty degeneration of cells [36]. GGT is considered as an indicator of organ imbalance and
cellular damage, cellular contents leakage and loss of cell membrane integrity in the liver and
other organs. A high cholesterol diet caused liver injury in animal and human models, and
leads to hepatic fibrosis and lipid peroxidation, increasing internal oxidative stress, causing
damage to cells and increased blood lipids, and the increases in the GGT level are thought to
be caused by oxidative stress associated with hyperlipidaemia [37].

The present study finding for the role of LOO was in consistent with other study [38],
as they confirmed the low level of GGT caused by poisoning in rats when using olive oil, and
may be due to their antioxidant effects of olive oil that can prevent or delay oxidation of
sensitive cellular substrates and thus prevent oxidative stress. Phenolic compounds such as
flavonoids, phenolic acids, diterpenes, saponins, and tannins have received much attention for
their antioxidant activity [39]. For the role of HXT, our results are consistent with other study
[40]. HXT reduced GGT expression caused by hyperlipidaemia in mice. It showed an anti-
steatosis effect, while reducing liver fat and TG contents. The anti-steatosis effect of HXT is
linked to strengthening anti-oxidant potential in the liver; this partially restores the levels of
polyunsaturated fatty acids and thus favors oxidation of fatty acids, while reducing lipogenic
formation within the body [41]. The LOO + HXT also showed a greater role in reducing the
effectiveness of GGT compared to the control group and other treatments. This improvement
is due to the presence of phenol compounds at a higher rate compared to HXT and olive oil
separately, as most phenol and flavonoids have been described as having an antioxidant effect
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in living systems, as they act as a scavenger of free radicals [42]. Polyphenols in olive leaves
have interesting effects such as anti-oxidant, anti-hypertensive, hypoglycemic, and
hypocholesterolemic efficacy in the blood [43,44] It was reported that treating diabetic rats
with olive leaf extract induced a significant increases in GGT levels. Olive oil, HXT, and
tyrosol have also shown protective effects against hepatotoxicity in male rats, restoring ALT,
AST, and ALP content. Also, treatment with olive oil and its phenolic compounds reduced
apoptosis [45].

ATOR drug had no significant effect on reducing the effectiveness of GGT as
compared to healthy control and hyperlipidaemia, and this was inconsistent with the results
reported by others [46]. They confirmed a significant decrease in the effectiveness of GGT
when using the ATOR at a dose of 5 mg/kg in hyperhipidemic mice. The reason for the
variation in the studies outcomes may be due to the high statin dose and the low cholesterol
concentration used as compared to the present study.

Histological study of the liver

The present study showed the normal shape of the central vein (CV) with the
hepatocytes (HC), sinusoids (S) and kupffer cells (KC) in controls, Fig. (A). While in the fed
group with a high-fat diet there was several histological changes, including fibrosis (F),
central vein well thickening (CVWT) and lymphocytes infiltration (LI) with bile ducts
sclerosis (BDS) and congestion (CON) at a moderate rate while degeneration (D) and
necrosis (N) at a low rate (Figs. B and C).

In the infected group treated with LOO only, a moderate improvement was observed,
as it reduced the infiltration of the inflammatory cells to an average rate. The central vein
wall thickness was reduced to a low rate and bile ducts sclerosis, congestion, degeneration,
and necrosis to a low ratio with no fibrosis observed, as in Figure (D). Liver sections of the
treated group gavage with HXT only, it showed a great improvement. It reduced the
infiltration of inflammatory cells to a low rate and the thickening of the central vein wall and
degeneration to a low ratio with no noticeable presence of fibrosis, necrosis, bile ducts
sclerosis, and congestion, Figure (E). In the affected group that was treated with LOO +
HXT, it showed a very significant improvement compared to all treated groups, as it reduced
the infiltration of inflammatory cells and degenerated to low ratio without noticing the
presence of fibrosis, thickening of the central wall of the vein, necrosis, bile ducts sclerosis
and congestion, Figure (F). While the group treated with ATOR drug showed a slight
improvement compared to the affected group. It reduced the infiltration of inflammatory cells
to an average rate, fibrosis and thickening of the central vein wall, degeneration to a low rate
and necrosis of bile ducts sclerosis, and low rate congestion, Figure (G) and (H).

The results of the present study were consistent with others finding [24]. When they

induced hyperlipidaemia in rabbits, the histological results of the liver of a group of animals
treated with cholesterol showed the presence of degeneration in most hepatocytes with loss of
radial structure of cells, as well as cases of necrosis in cells and thickening of the central
veins wall. These histological changes may be attributed to cholesterol administration, which
resulted in higher levels of TC, LDL, VLDL and TG and a decrease in HDL level in the
hypercholesterol group compared to the control group. Moreover, exposure to
hyperlipidaemia resulted in the current study to increase MDA and decrease in antioxidant
activity such as CAT and GSH and increase the effectiveness of serum GGT as a result of
damage to the liver cells. High levels of saturated fatty acids encourages greater activation of
NADPH oxidase, lead to less formation of antioxidant enzymes, and accordingly, it leads to
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an imbalance between the formation of reactive oxygen species and the protection of
antioxidants characterized by oxidative stress [47].

The role of olive oil extract in combating histological imbalances, our results are
consistent with other study [48] that indicated the role of olive oil in promoting and
maintaining the natural structure of the liver tissue, and manage the toxic effects and acts as
free radical scavengers. The use of olive oil to treat histological changes in the liver caused
by hyperlipidaemia in mice, significantly reduced lipid droplet area and lipid accumulation
percentage in the liver with improvement of ALT and ALP levels, and serum lipid profile
compared with the affected control group [49].

The effect of HXT material on the improvement of histopathological abnormalities in
the liver, the results of the present study were in agreement with others [40] when
hyperlipidaemia was induced in rats, it reduced HXT Liver steatosis, in conjunction with the
overall restoration of the condition of serum glutathione, liver steatosis was significantly
associated with hepatic TG and fatty content and inversely with antioxidant capacity
compared to the control group.

The use of LOO + HXT improved histological disorders of the liver to a very large
degree compared to other treatments, a results that are consistent with others study [50],
when hyperlipidaemia was induced in rats, HXT supplementation reduced hepatitis and
apoptosis and had effects to lower blood fat and protecting the liver against metabolic
disorders caused by hyperlipidaemia by strengthening the anti-oxidant defense system and
preventing the expression of proteins involved in inflammation and damage to the liver, as it
reduces infiltration of inflammatory cells and inflammations in the liver tissue and steatosis.
The enhancement of the antioxidant status represented by the decrease in the level of MDA
and the increase in the levels of CAT and GSH in the serum as a result of using LOO + HXT
in the present study led to the normalization of histological imbalances caused by
hyperlipidaemia.

In regard to the role of ATOR in improving tissue dysfunctions in the liver, our results
agreed with other study [51] as reported that treatment with ATOR significantly reduced
hepatocyte lipid degeneration and ruptured lobular structures of hepatocytes infiltration of
inflammatory cells, it also greatly improved the levels of TC, LDL, ALT, and AST In the
serum and raised the total cholesterol level in the stool compared to the affected control
group.

In conclusion, the present study indicated a role of LOO and HXT in the treatment of
biochemical variables and improvement of histological changes in the liver comes through
the antioxidant role that suppresses the negative effects of reactive oxygen species.
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Figure (A): A control group liver section showing the central vein (CV), hepatocytes
(HC),Sinusoids (S) and kupffer cells (KC) as normal.

Figures (B) and (C) liver section hyperlipidaemia transaction group. It shows
lymphocytes infiltration (LI), fibrosis (F), bile ducts sclerosis (BDS), congestion (CON),
and central vein wall thickness (CYWT).

Figure (D): The liver of the treatment group with hyperlipidaemia and LOO. It shows a
central vein (CV), hepatocytes (HC), sinusoids (S), and kupffercells (KC) with
lymphocytes infiltration (LI).

Figure (E) treatment group liver section with hyperlipidaemia and HXT. It shows the
central vein (CV), hepatocytes (HC), Sinusoids (S), and kupffer cells (KC) with presence
lymphocytes infiltration (LI).

Figure (F) treatment group liver section with hyperlipidaemia and LOO + HXT, the
central vein (CV), hepatocytes (HC), sinusoids (S), and kupffer cells (KC) are shown.

Figure (G) and (H) the liver section of the treatment group with hyperlipidaemia and
ATOR the central vein (CV), hepatocytes (HC), Sinusoids (S) and kupffer cells (KC) are
shown with presence lymphocytes infiltration (LI) and the thickness of the central vein
wall. H & E 400X.
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