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Abstract. – OBJECTIVE: This study aimed 
to assess the hepatoprotective role of oleuro-
pein (Olp), a phenolic compound found in olive, 
against carbon tetrachloride (CCl4)-induced liv-
er damage in rats. 

MATERIALS AND METHODS: The research 
involved male albino rats, which received in-
traperitoneal injections of 100 mg/kg b.w. of 
oleuropein for 8 consecutive weeks before be-
ing subjected to carbon tetrachloride (CCl4) at 
a dosage of 1.0 ml/kg b.w. Changes induced 
by CCl4 in antioxidant and inflammatory mark-
er levels were assessed using ELISA assay kits. 
Moreover, CCl4-induced liver tissue architecture 
alteration, fibrosis, and expression pattern of 
protein were evaluated by performing H&E, Sir-
ius red, Masson trichrome, and immunohisto-
chemistry staining. 

RESULTS: Increased serum transaminases 
and massive hepatic damage were observed by 
this liver toxicant. The hepatic injury was fur-
ther evidenced by a significant decrease in anti-
oxidant enzyme activity [superoxide dismutase 
(SOD), glutathione peroxidase (GPx), Gluta-
thione (GSH) and Total Antioxidant Capacity 
(T-AOC)]. The administration of CCl4 resulted in 
an increased inflammatory response, which was 
measured by C-reactive protein, interleukin-6, 
as well as tumor necrosis factor-alpha. Olp as 
a curative regimen led to significant attenuation 
in the inflammatory response and oxidative/ni-
trosative stress. This polyphenol treatment im-
proved the hepatic tissue architecture and de-

creased fibrosis. In the CCl4 treatment group, 
the expression pattern of IL-6 protein was high, 
whereas expression was decreased after Olp, as 
evidenced by immunohistochemistry staining. 

CONCLUSIONS: The study suggests that 
oleuropein treatment has the potential to re-
duce liver damage caused by CCl4 induction by 
inhibiting oxidative stress and inflammation and 
maintaining liver tissue architecture. This could 
make it a promising treatment option for liver 
pathogenesis. 
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Introduction

The liver is a vital organ and plays a signifi-
cant role in the detoxification of toxic materials. 
Various agents, such as drugs, toxins, alcohol, 
and viruses, cause liver injury. Paracetamol, also 
known as acetaminophen, and alcohol cause liver 
toxicity1,2 and long-term exposure to carbon tetra-
chloride (CCl4) causes chronic liver pathogenesis.

Carbon tetrachloride (CCl4) is considered one 
of the environmental hepatotoxins and its ad-
ministration can result in an overproduction of 
free radicals and oxidative stress, which can lead 
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to liver damage3. It is a common industrial sol-
vent used in the synthesis of chlorinated organic 
compounds, semiconductor production, process-
ing of oils, and laboratory applications, and is 
used as an agricultural fumigant4,5. The covalent 
binding of reactive intermediates of CCl4 to dif-
ferent cellular components promotes increased 
lipid peroxidation and leads to lipid destruction, 
particularly of unsaturated phospholipids. The 
plasma membrane and intracellular membranes 
of hepatocytes are severely damaged by CCl4

6. 
It is well known that breakdown products, in-
cluding reactive aldehydes, can cause significant 
damage to cells. These breakdown products can 
lead to increased membrane permeability of ly-
sosomes and mitochondria, ultimately resulting 
in cell death7,8. 

CCl4 has been widely used to induce liver inju-
ry in experimental animal models to examine the 
hepatoprotective potential of natural compounds. 
The liver is a vital organ that can be injured by a 
variety of toxins, including CCl4. CCl4 is known 
to cause liver injury through several mecha-
nisms, including oxidative stress, inflammation, 
and programmed cell death9,10.

The role of natural phenolic compounds/fla-
vonoids has been widely reported to ameliorate 
oxidative stress-mediated liver damage and in-
hibit various pathogenesis11-14. Olive leaves have 
a long history of use in traditional medicine 
throughout Europe and countries in the Mediter-
ranean15. Oleuropein (Ole) is the main phenolic 
compound in the olive tree, Olea europaea L., 
and is chiefly abundant in unprocessed olive fruit 
and leaves, with concentrations up to 140 mg g−1 
on a dry matter basis in young olives16, and 60-90 
mg g−1 of dry matter in the leaves17 and compo-
nent of various medicines18. The pharmacological 
activity of oleuropein is diverse, including an-
ti-atherosclerotic, anti-inflammatory, anti-cancer, 
antimicrobial, and antiviral activity19,20. Besides, 
Oleuropein has strong dose-dependent antioxi-
dant potential; it can scavenge nitric oxide, re-
duce levels of reactive oxygen species (ROS) and 
reactive nitrogen species (RNS), and decrease 
lipid peroxidation levels in different models of 
ischemia21. 

It was found that oleuropein has anti-inflam-
matory properties, which may be attributed to its 
antioxidant effects22. The mechanism behind this 
anti-inflammatory effect involves the inhibition 
of several factors, such as NF-κβ and its trans-
location to the nucleus, COX-2, caspase-3, and 
iNOS, as reported by Domitrović et al23. Further, 

its role in cancer management has been reported, 
and recent studies have shown that oleuropein 
has the ability to induce apoptosis in MCF-7 cells 
through a p53-dependent pathway, which is medi-
ated by the up-regulation of Bax and down-regu-
lation of Bcl2 gene expression24.

In this study, it was aimed to evaluate the 
potential hepatoprotective effects of oleuropein 
against liver damage induced by carbon tetra-
chloride (CCl4).

Materials and Methods

Materials
CCl4 and oleuropein were purchased from Sig-

ma-Aldrich Inc. (lot no.: 12247, St. Louis, MO, 
USA). Liver function diagnostic kits [aspartate 
aminotransferase (AST), alanine aminotransfer-
ase (ALT), and alkaline phosphatase (ALP)] were 
purchased from Abcam Company, UK. The anti-
oxidant enzyme assay kits, superoxide dismutase 
(SOD), glutathione peroxidase (GPx), glutathione 
(GSH)  and Total Antioxidant Capacity (T-AOC) 
were purchased from Abcam, UK. The kits of 
inflammatory markers C-reactive protein (CRP), 
interleukin-6 (IL-6), and tumor necrosis factor-al-
pha (TNF-α) ELISA-based kits were also procured 
from Abcam, UK. Procured tissue staining kits, 
such as the Picro Sirius red stain kit and trichrome 
stain kit, from Abcam, UK, to examine connective 
tissue. Additionally, IL-6 primary antibody was 
purchased from the same company.

Experimental Animals
The healthy male albino Wistar rats used in 

this study weighed between 150-200 g and were 
5-6 weeks old and placed under a controlled 
temperature of 23 ± 2°C, 12 h light/dark cycle, 
and 55 ± 5% relative humidity. The animals were 
acclimatized for one week to ease any transpor-
tation stress and were properly observed for any 
weakness. The animals were given free access to 
standard laboratory food and water ad libitum. 
The laboratory animal ethics committee, CAMS, 
and Qassim University permitted the study, and 
rats were treated as per the guidelines from this 
committee.

Experimental Design
Thirty-two rats were randomly divided into 

four groups (group I to group IV), with each 
group having (n = 8) animals (Table I). All ani-
mals received water and standard laboratory food 
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ad libitum. Group I was the control group and re-
ceived 1.0 ml/kg. b.w. normal saline as a placebo. 
In group II, animals were assigned as the disease 
control group, intoxicated with an i.p. dose of 1.0 
ml of CCl4 (50% v/v in olive oil) twice weekly for 
eight weeks consecutively. In group III, animals 
were assigned to the diseased animal treatment 
group and received 100 mg/kg b.w. Olp one hour 
before CCl4 dosage for eight weeks consecutively. 
Group IV animals received only oleuropein, 100 
mg/kg. b.w. same as group III animals to investi-
gate the effects of Olp only.

Animal Sacrifice, Liver Isolation, and 
Blood Sampling

After a total of 10 weeks of CCl4 and oleuro-
pein treatment, all animals were sacrificed after 
anesthesia by chloroform inhalation. Animals 
were then dissected, and blood was collected in 
plain tubes. The collected blood was then kept 
at room temperature for 30 minutes to allow it 
to clot. Once clotted, the blood was centrifuged 
at 3,000 rpm for 10 minutes to obtain the serum. 
This serum was then collected and divided into 
smaller aliquots, which were stored at -20°C for 
further analysis. The liver was cut from each 
animal at the time of sacrifice, washed in normal 
saline, and stored in 10% formalin for further 
analysis.

Measurement of Liver Function Enzyme 
(LFT) Activity

The activity of LFT, such as AST, ALT, and 
ALP in sera samples, was determined using an 
automatic biochemical analyzer as directed by 
the manufacturer. The activity of these liver func-
tion enzymes was determined using commercial 
kits (Abcam), and all the results were interpreted 
correspondingly.

Measurement of Lipid Profile
The level of lipids, like cholesterol and tri-

glycerides, in sera of different animal groups 
was determined using an automatic biochemical 
analyzer as directed by the manufacturer. 

Measurement of Antioxidant 
Enzyme Activity

At the time of sacrifice, the liver was quickly 
removed from each animal and washed in phos-
phate buffer saline (PBS) with a pH of 7.4. One 
portion of the liver from each animal was homog-
enized quickly in PBS, and the homogenate was 
centrifuged at 4,500 g for 20 minutes. 

The supernatant from each homogenate sam-
ple was preserved at -20°C for subsequent anal-
ysis of antioxidant enzymes, following storage at 
4°C. The activity of hepatic antioxidant enzymes 
such as superoxide dismutase (SOD), glutathione 
peroxidase (GPx), glutathione (GSH) and total 
antioxidant capacity was checked using Abcam 
kits following the manufacturer’s instructions.

Measurement of Inflammatory Markers
The measurement of CRP, IL-6, and TNF-α in 

serum/tissue samples was estimated using ELISA 
kits from Abcam, following the manufacturer’s 
instructions.

Histopathological Analysis by 
Haematoxylin and Eosin Staining

The histopathological analysis of liver samples 
was performed by Hematoxylin and Eosin (H&E) 
Staining. The liver samples from each animal 
were extracted and processed. The samples were 
washed with phosphate buffer saline (PBS) and 
were then treated with 10% formalin till further 
processing. Different grades of ethanol were then 
used to dehydrate the samples, cleaned in xylene, 

Table I. Rats grouping and treatment plan.

Group number Group name Brief designation Treatment plan

I Normal control NC The animals were given free access to water 
   and standard laboratory food, and were orally 
   administered 1.0 ml/kg b.w. of normal saline 
   as a placebo.
II Disease control CCl4 Intraperitoneal (I.P.) injection of 1.0 ml/kg b.w. 
   of CCl4 (1:1 in olive oil)25, twice weekly.
III Diseased animal +  Olp + CCl4  CCl4 treatment, same as group II animals
 Oleuropein treatment group  followed by one hour break and i.p. dose of
   oleuropein 100 mg/kg b.w.23

IV Oleuropein treatment Olp I.P. dosage of oleuropein, same as group III 
   treatment 
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and embedded in paraffin by using an embedding 
station (Leica embedding unit, Leica EG1160). 
The block of all liver tissue samples was then 
processed for cutting 5 μM tissue sections using 
a microtome (Leica RM2125). The tissue sections 
were mounted on polylysine-coated glass slides. 
H&E staining was performed, and tissue archi-
tecture was examined under a light microscope. 

Masson Trichrome Staining
This staining was performed as per the manu-

facturer’s instruction provided with the kit with 
slight modification. Briefly, deparaffinising of 
tissue sections was performed, followed by add-
ing preheated Bouin’s fluid to each tissue section 
for 1 hr. It was followed by washing the slides 
in minimum flow running tap water till all the 
dye was removed satisfactorily. The slides were 
then stained with Wiegert’s Iron hematoxylin 
for 5 minutes. To ensure accurate differentiation 
of tissue samples, we utilized a highly effective 
phosphomolybdic/phosphotungstic acid solution 
for 10-15 minutes, or until the collagen was vis-
ibly red. After the initial staining process, we 
applied an aniline blue solution to the slides using 
a dropper for 5-10 minutes, without any rinsing. 
This was followed by the use of a 1% acetic acid 
solution for 3-5 minutes to complete the staining 
process. Dehydration of liver sections was per-
formed using ethyl alcohol, and xylene was used 
to clear slides, followed by mounting each slide.

Sirius Red Staining
Sirius red staining was performed as per the 

manufacturer’s instruction provided with the kit 
with slight modification. Fibrosis was evaluated 
in different areas, and a photograph was captured.

Immunohistochemistry
Immunohistochemistry was done to examine 

the expression of IL-6 as per the previously 
described protocol26. In short, the liver tissue 
sections were deparaffinised by xylene, followed 
by the use of 0.3% H2O2 to block the endogenous 
peroxidase activity. Antigen retrieving was per-
formed by boiling the slides in citrate butter un-
der high pressure for a few minutes. The blocking 
step was performed by using a standard block-
ing agent. Monoclonal antibodies against IL-6 
protein were added to each slide under humid 
conditions at 4°C overnight by using an acrylic 
closed chamber. For optimal results, we added a 
secondary antibody for 2 hours, followed by incu-
bation with streptavidin-biotin enzyme complex 

for 45 minutes. We then utilized diaminobenzi-
dine (DAB) chromogen to complete the staining 
process. Finally, we counterstained the sections 
with hematoxylin to enhance the visibility of the 
stained samples. 

Statistical Analysis
To ensure accurate analysis of the data ob-

tained, all results as mean ± standard deviation 
were evaluated. We then utilized a one-way anal-
ysis of variance (ANOVA) with a statistical pack-
age (SPSS) version 19, (IBM Corp., Armonk, NY, 
USA) to evaluate the difference among the mean 
values. The p-value, p < 0.05, was considered sta-
tistically significant.

Results

Effect of Oleuropein on 
Liver Function Enzymes

To evaluate the status of liver injury and the 
protective role of oleuropein, serum aminotrans-
ferases (ALT, AST) and ALP were estimated 
in all experimental animals. The CCl4-treated 
animal group exhibited an enhanced level of 
ALT (180.5 ± 9 U/L), AST (190.6 ± 7 U/L), and 
ALP (203.7 ± 6 U/L) level in comparison to the 
control group (p < 0.05), due to hepatocyte cell 
membrane breakdown. However, treatment of 
animals with oleuropein significantly reduced the 
level of these aminotransferases and ALP, when 
compared with the CCl4-treated (disease control) 
group (p < 0.05) (Figure 1). The animals treated 
with oleuropein alone showed no significant dif-
ference compared to the control group. These re-
sults advocate oleuropein’s hepatoprotective role 
through maintaining cell membrane integrity. 

Effect of Oleuropein on Lipid Profile
The lipid profile (total cholesterol and tri-

glycerides) was estimated in all treatment groups. 
The results presented that serum cholesterol 
(196.37 ± 8.7 mg/dl), and triglycerides (239.7 ± 
7.2 mg/dl) were significantly raised in CCl4-in-
toxicated animals as compared to the control 
group (p < 0.05). The animals treated with oleu-
ropein exhibited a significant decrease in these 
parameters as compared to the disease-control 
(CCl4-treated) animals (p < 0.05) (Figure 2). The 
animals treated with oleuropein only showed no 
significant difference compared to the control 
group. 
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Effect of Oleuropein on 
Antioxidant Enzymes and 
Non-Enzymatic Antioxidant Potential

The antioxidant potential of oleuropein was 
analyzed by estimating the antioxidant enzymes 
and antioxidant potential in liver homogenates 
from different experimental animals. The an-
tioxidant enzymes like SOD, GSH, GPx and 
TAC were estimated in all experimental groups 
(Figure 3). The results advocated that the animals 
treated with CCl4 exhibited a significant decrease 

in these parameters as compared to the control 
group (p < 0.05) as (SOD: 42.5 vs. 77.9 U/mg pro-
tein; GPs: 32.4 vs. 67.8 U/mg protein; GSH: 21.9 
vs. 45.9 mmol/g protein and TAC: 98.8 vs. 167.5 
nM). However, the animals treated with oleu-
ropein showed a significant enhancement in all 
these parameters as compared to the disease con-
trol group (CCl4-intoxicated animals) (p < 0.05) 
as (SOD: 65.7 vs. 42.5 U/mg protein; GPs: 52.3 
vs. 32.4 U/mg protein; GSH: 31.8 vs. 21.9 mmol/g 
protein and TAC: 115.7 vs. 98.8 nM). These re-

Figure 1. The liver function enzyme activity (ALT, AST, and ALP) in different animal groups, with 8 rats per group, was 
measured. The values are represented as the standard error of the mean (± SEM), ensuring accurate and reliable analysis of 
the results. Higher enzyme activity was observed in rats treated with CCl4 only as compared to control group. The oleuropein 
treatment for CCl4-intoxicated animals (Olp + CCl4) showed a significant decrease in these liver function enzyme activities. 
The sign asterisk (*) (p < 0.05) represents the statistical difference in comparison to the control group, while the sign hashtag 
(#) (p < 0.05) represents the statistical difference in comparison to the CCl4-treated group.

Figure 2. Lipid profile (cholesterol and triglycerides) in different animal groups. The values represent the standard error of 
the mean (± SEM), with 8 rats per group. A higher lipid profile was observed in rats treated with CCl4 only as compared to the 
control group. The oleuropein treatment to CCl4-intoxicated animals (Olp + CCl4) showed a significant decrease in lipid profile. 
The sign asterisk (*) (p < 0.05) represents the statistical difference in comparison to the control group, while the sign hashtag 
(#) (p < 0.05) represents the statistical difference in comparison to the CCl4-treated group. 
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sults evidently support that oleuropein exhibits 
significant hepatoprotective activity against CCl4 
intoxication by employing its antioxidant prop-
erties.

Effect of Oleuropein on 
Pro-Inflammatory Markers

An imbalance between antioxidant defense and 
oxidative stress is associated with the inflamma-
tory response. The CCl4-treated animals showed 
a significant increase in inflammatory markers 
like CRP (1.44 ± 0.07 ng/ml), IL-6 (95.6 ± 6 pg/
ml), and TNF-α (107.5 ± 7 pg/ml) as compared to 
the control group (p < 0.05). However, the ani-
mals treated with oleuropein showed a significant 
decrease in all these pro-inflammatory markers 
as compared to the disease-control (CCl4-treated) 

animals (p < 0.05). These results further support 
the anti-inflammatory and therapeutic role of 
oleuropein (Figure 4).

Effect of Oleuropein on 
Liver Tissue Architecture

The toxic potential of CCl4 and the therapeu-
tic role of oleuropein were further extended by 
studying liver histology in all animal groups 
(Figure 5). The liver sections from control ani-
mals showed a normal hepatocyte architecture 
with appropriate liver sinusoids. The liver sec-
tions from disease-control animals (CCl4-treated 
animals) exhibited several changes, such as in-
flammation, congestion, and infiltration of lym-
phocytes. These sections further showed. How-
ever, the histopathological examination of the 

Figure 3. Antioxidant enzyme activity and non-enzymatic antioxidant status in different animal treatment groups. The 
values represent the standard error of mean (± SEM), with 8 rats per group. A significant decrease in antioxidant enzymes 
(SOD and GPx) and non-enzymatic antioxidant potential (GSH and TAC) was observed in rats treated with CCl4 only as 
compared to control group. The oleuropein treatment to CCl4-intoxicated animals (Olp + CCl4) showed a significant increase 
in these parameters. To ensure accurate analysis of the data obtained, we used the sign asterisk (*) (p < 0.05) to represent 
the statistical difference in comparison to the control group, while the sign hashtag (#) (p < 0.05) was used to represent the 
statistical difference in comparison to the CCl4-treated group.
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Figure 4. The pro-inflammatory markers (CRP, IL-6, and TNF-α) levels in different animal treatment groups. The values 
represent the standard error of the mean (± SEM), with 8 rats per group. A significant increase in these pro-inflammatory 
markers was observed in rats treated with CCl4 only as compared to the control group. The oleuropein treatment for CCl4-
intoxicated animals (Olp + CCl4) showed a significant decrease in these parameters. The sign asterisk (*) (p < 0.05) represents 
the statistical difference in comparison to the control group, while the sign hashtag (#) (p < 0.05) represents the statistical 
difference in comparison to the CCl4-treated group.

Figure 5. Liver tissue architecture, (a) normal tissue architecture of hepatocytes of control group animals, (b) CCl4-
treated (disease control) rat liver tissue presents different alterations such as blood vessel dilation, congestion, and 
increased inflammatory cells, (c) CCl4 + Olp treatment group revealed a significant decrease in liver tissue architecture as 
compared to the disease control group, (d) Olp treatment only group animals showed normal tissue architecture (Original 
magnification 100×).
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oleuropein treatment group exhibited preserva-
tion of hepatocytes, hemorrhage, and reduced 
infiltration of lymphocytes.

Effect of Oleuropein on Liver Fibrosis
The toxic potential of CCl4 and the therapeu-

tic role of oleuropein were further extended by 
studying liver histology in all animal groups 
(Figure 6). The liver sections from disease-con-
trol animals (CCl4-treated animals) exhibited 
more fibrosis. However, the oleuropein treatment 
group exhibited less fibrosis by Masson trichrome 
staining (Figure 6).

Furthermore, Sirius red staining established 
that the fibrosis levels were higher in CCl4-treat-
ed liver tissue rats, whereas Olp administration 
group rats showed less fibrosis formation (Figure 

7). These findings reveal that CCl4-treated rat 
liver tissue causes accumulation of fibrosis, and 
oleuropein showed a protective role against liver 
injury damage and fibrosis formation caused by 
CCl4 treatment.

Effect of Oleuropein on 
IL-6 Protein Expression

The effect of Olp on IL-6 protein expression 
was used to assess the anti-inflammatory protec-
tive effect on the expression of any inflammatory 
markers in hepatocytes. Here, the expression of 
IL-6 was checked in liver tissues of all the animal 
groups (Figure 8). Our analysis revealed that the 
expression of this protein was not observed in the 
control group animals, while the disease control 
animals showed a significant increase (p < 0.05) in 

Figure 6. Masson trichrome staining for fibrosis analysis. a, The control animal liver tissues presented normal architecture 
of hepatocytes, (b) CCl4 only (disease control) animal liver tissues presented significant fiber formation, (c) Group III animal 
(CCl4+Olp) liver tissue architecture presented significantly lower collagen fiber formation, and (d) Olp treatment animal liver 
tissue presented normal hepatocyte and minimal fibers (Original magnification 100×).
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expression of IL-6. Our detailed analysis revealed 
that treatment with Olp to CCl4-treated animals led 
to a significant reduction in the expression of this 
inflammatory marker protein as compared to the 
disease control group (p < 0.05). Moreover, Olp 
treatment only does not have any effect on inflam-
matory marker protein expression.

Discussion

The liver is the major organ performing es-
sential biological functions such as bile acid 
secretion, synthesis of different proteins and 
blood clotting factors, destruction of bacteria, 
and detoxification of various xenobiotics. Differ-
ent drugs, microbes, and toxins can trigger liver 
injury, including acute and chronic25,26. Differ-

ent types of toxic compounds lead to oxidative 
stress and inflammation, which is the prime 
cause of liver damage27,28. In this research work, 
we demonstrated that oleuropein significantly 
suppressed oxidative liver damage in CCl4-in-
toxicated rats, as evidenced by an increase in 
antioxidant potential and a decrease in inflamma-
tion. The liver oxidative stress and inflammation 
were also significantly reduced in the presence 
of oleuropein. Giner et al29 have demonstrated 
that the NF-κB pathway is significantly inhibit-
ed by oleuropein. NF-κB pathway leads to the 
induction of ROS, which modulates liver injury 
by enhancing the cytotoxicity through the pro-
duction of different cytokines, such as TNF-α25. 
It was noticed that these results are in agreement 
with previous findings30. It was shown that the 
hepatoprotective effect of oleuropein-rich extract 

Figure 7. Siris red staining for fibrosis analysis. a, The control animal liver tissues presented normal fiber, (b) CCl4 only 
(disease control) animal liver tissues presented significant fiber formation, (c) Group III animal (CCl4+Olp) liver tissue 
architecture presented significantly lower collagen fiber formation, and (d) Olp treatment animal liver tissue presented normal 
hepatocyte and minimal fibers (Original magnification 100×).
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from olive leaves against cadmium-induced tox-
icity in mice leads to an improvement in the an-
tioxidant defense system and a reduction in lipid 
peroxidation. Moreover, oleuropein-rich extract 
in Cd-treated mice restored these values with a 
more pronounced effect on the SOD activity30. 
These results are in agreement with our findings, 
as we have demonstrated that CCl4-intoxicated 
rats treated with oleuropein maintained their cell 
membrane integrity with a significant decrease in 
liver function enzymes such as ALT, AST, and 
ALP. The cell membrane integrity is preserved by 
reducing the level of lipid peroxides31. It is worth 
noting that oleuropein has been shown to protect 
against liver damage induced by high-fat diet-in-
duced metabolic disorders in rats32. 

In our study, we demonstrated that CCl4-treat-
ed rats demonstrated a significant decrease in 
some antioxidant enzymes like SOD, GPx, and 
GSH, and these parameters were significantly 
reversed by the treatment of oleuropein. Similar 
results were demonstrated with a reduction in 
oxidative stress and a significant decrease in cat-
alase and GSH levels. However, the antioxidant 
potential of dry olive leaf extract, significantly 
rich in oleuropein, when pre-treated to CCl4-in-
toxicated rates, demonstrated a higher level of 
antioxidant enzymes33-35. 

Besides, in CCl4-treated rats, total antioxidant 
capacity was significantly low as compared to 
the control group, whereas oleuropein group rats 
showed an increased level of total antioxidant 

Figure 8. Immunohistochemistry analysis of IL-6 protein expression. IL-6 protein expression was evaluated in all animal 
treatment groups. a, The control animal group did not show any IL-6 protein expression, (b) the disease control (CCl4-treated) 
animals showed significantly high expression of IL-6 proteins, (c) the IL-6 protein expression was also seen in Olp-treated 
CCl4-intoxicated animal group tissue, and (d) Olp only treatment animal group did not show any IL-6 protein expression 
(Original magnification 100×).
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capacity. The current findings are consistent with 
a previous study36 that observed the effects of 
cadmium on mice; the total antioxidant capacity 
values displayed a noteworthy decrease in liver 
tissue as compared to controls. On the other 
hand, oleuropein given in cadmium-treated mice 
caused a significant positive effect on the hepatic 
antioxidant potential.

In the current study, it was shown that 
CCl4-treated rats demonstrated a significant in-
crease in inflammatory markers, and these pa-
rameters were significantly decreased by the 
treatment of oleuropein. In this context, in the 
literature it is reported that lipopolysaccharide 
stimulated a noteworthy release of pro-inflam-
matory cytokines. Oleuropein pretreatment di-
minished these cytokines levels and these things 
increased with increasing oleuropein dose37. A 
recent report38 based on flavonoids reported that 
this compound shows anti-inflammatory effects.

Chronic administration of CCl4 causes liver 
fibrosis, cirrhosis as well as hepatocellular carcino-
ma38. Reactive metabolites were recognized to par-
ticipate in CCl4-induced liver toxicity via adduct 
formation, lipid peroxidation, calcium homeosta-
sis loss, and finally, cell death39,40. To examine 
the possible liver tissue architecture maintenance 
ability of oleuropein, it was demonstrated that 
the CCL4-induced hepatotoxicity group depicted 
various changes in the liver tissues compared to 
the control group. The oleuropein-treated group 
showed a role in the maintenance of liver tissue ar-
chitecture, such as less inflammation, congestion, 
hemorrhages, and fibrosis. Another study37 also 
reported that oleuropein pretreatment ameliorated 
LPS-induced liver histological changes. 

Furthermore, another discovery aligned with 
the present finding, indicating that mice treated 
with CCl4 exhibited significant necrosis of he-
patocytes in the centrilobular region. The livers 
of CCl4-intoxicated mice getting oleuropein treat-
ment showed improvement in liver morphology23.

Our study showed that the expression of IL-
6 was high in CCl4-intoxicated rats, whereas 
the expression of this marker was restored in 
Olp-treated rats. This suggests that Olp treatment 
may have a protective effect against the inflam-
matory response induced by CCl4 intoxication. 
This finding is similar to the previous study based 
on another natural compound, as intraperitoneal 
injection of CCl4 significantly increased the IL-6 
expression in the inflamed liver parts. However, 
treatment with Jasminum grandiflorum extracts 
inhibited the CCl4-induced up-regulation of IL-6 

as compared with the model group41. A simi-
lar study28 based on curcumin supplementation 
showed suppression of CCl4-induced IL-6 pro-
duction via the prevention of pro-inflammatory 
cytokine secretion.

Conclusions

The present study demonstrates that oleuropein 
possesses significant hepato-protective potential, as 
evidenced by the reduction of inflammatory marker 
proteins, lipid profile, and liver function enzymes. 
This study also revealed that Olp possesses a high 
antioxidant potential and can overshadow the ox-
idative stress induced by the CCl4 intoxication. 
Furthermore, Olp treatment restores the liver tis-
sue architecture, reduces fibrosis, and decreases 
histopathological changes that occur by induction 
of CCl4. This study supports the consumption of 
olives, fruits, and oils as food additives that can 
reduce liver pathogenesis via the regulation of in-
flammation, oxidative stress, and maintenance of 
liver tissue architecture. However, further research 
needs to be done through in vivo and in vitro studies 
to explore thoroughly the molecular mechanism and 
protective role of oleuropein. 
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