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Abstract 
Objective: To examine the therapeutic effects of Olea europaea L. leaves extract on carbon tetrachloride-induced 
liver injury in rats.  
Method: The experimental study was conducted at the Department of Physiology, University of Karachi, Karachi, in 
July 2021, and comprised Albino Wistar male rats weighing 180-220gm. The animals were divided into control 
group I, carbon tetrachloride group II, Olea europaea L. + carbon tetrachloride group III and Olea europaea L. group 
IV. In Vitro model of hepatic toxicity was developed by carbon tetrachloride. A daily dose of 50mg/kg of aqueous
extract of olive leaves was administered orally and 0.8ml/kg of carbon tetrachloride was administered twice a week 
subcutaneously for 28 days. On the 29th day, the animals were sacrificed, and tested for hepatic enzymes, lipid 
peroxidation markers and histopathology. Data was analysed using SPSS 20. 
Results: Of the 24 rats, 6(25%) were in each of the 4 groups. Alanine aminotransferase, aspartate aminotransferase, 
alkaline phosphatase and total bilirubin levels were significantly reduced (p<0.05) in group II whereas, 4-
hydroxynonenal, isoprostane and malondialdehyde levels were significantly increased (p<0.05). However, total 
antioxidant level increased significantly (p<0.05) in group III compared to group II. Histopathology showed severe 
liver damage in group II and mild damage in group III. 
Conclusion: Olea europaea L. leaves extract was found to have profound hepatoprotective effects.  
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Introduction 
The liver carries out many important metabolic processes. 
It has the capacity to regenerate, but in case healing is not 
successful, serious liver dysfunction may result. Globally, 
liver illnesses have been on the rise, largely due to bad 
lifestyle choices.  Hepatotoxicity indicates liver damage 
instigated by chemicals. The chemicals taken in overdoses 
and, occasionally, taken in therapeutic range may injure 
the organs. Other chemical agents, such as those used in 
laboratories, industries or naturally occurring chemicals, 
may cause hepatotoxicity. The chemicals that induce liver 
injury are known as hepatotoxins1. 

In the liver, carbon tetrachloride (CCl4) induces oxidative 
stress (OS). The disproportion of oxidation and 
antioxidant systems causes liver injury owing to OS, 
resulting in the formation of excessive free radicals and a 
reduction in antioxidant capacity2. It is thought that CCl4 

invades hepatocytes and generates free radicals, causing 
peroxidation that causes liver structure to be disrupted 
and liver function to be damaged3.  According to a 

different mechanism, CCl4 damages argyrophilic 
nucleolar organiser regions (AgNORs), which disperse 
with irregularly shaped particles and cause genotoxicity 
by breaking deoxyribonucleic acid (DNA) strands4. It can 
cause hepatic injury. Hence, it is widely used to construct 
as toxic liver model in rats5.  

Defence against oxidative harm is evolved and essentially 
reliant on antioxidant enzymes, substrate supply, and 
injury repair. These defences strengthen in response to 
oxidants and other electrophiles, boosting the capacity to 
repair oxidative damage, detoxify oxidants, and 
electrophiles. The main strategies underpinning 
antioxidant therapy are agents that boost these defences. 
Extensive research on antioxidant enzyme induction has 
focussed on regulatory mechanisms, clinical 
consequences, and prospective inducers with therapeutic 
potential6. 

Olea europaea L., commonly known as olive, belongs to 
the Oleaceae family, and is grown all over the world, with 
the Mediterranean region being the primary location of 
agricultural output accounting for over 98% of global 
production7. The olive tree is widely grown outside of the 
Mediterranean region throughout Asia, India and the 

Department of Physiology, University of Karachi, Karachi, Pakistan. 
Correspondence: Amber Ayaz Memon. Email: amberayaz96@gmail.com 
ORCID ID: 0009-0009-1903-4589



Arabian Peninsula8.  The main product extracted from the 
olive tree is olive oil that has been extensively studied for 
its antioxidant effects. However, olive leaves contain 
significant quantity of phenolic compounds that have 
intrigued interest of scientists around the world. Many 
investigations have been conducted for its beneficial 
effect on health, including their antioxidant and anti-
inflammatory properties as well as the potential to treat a 
variety of diseases9. Oleuropein, a substance found in 
olive leaves, is regarded to be the main factor behind 
many of these effects. Oleuropein is a phenolic 
secoiridoid glycoside made up of a glucose molecule, 
hydroxytyrosol and olenolic acid. This is the most 
abundant bioactive substance found in olive leaves10.  

The current study was designed to investigate 
hepatoprotective potential of Olea europaea L. leaves 
extract (OLE) against CCl4-induced hepatic injury in rats.  

Materials and Methods 
The experimental study was conducted at the 
Department of Physiology, University of Karachi, Karachi, 
in July 2021, and comprised Albino Wistar male rats 
weighing 180-220gm. Female rats and animals weighing 
<180gm were excluded. The animals were acclimatised in 
a well-ventilated and temperature-controlled animal 
house. The study was approved by the institutional ethics 
review board. Dried olive leaves were obtained from the 
local market and extracts were obtained as per Chaker et 
al.11 

The animals were divided into control group I, CCl4 group 
II, OLE. + CCl4 group III and OLE group IV. Group I 
comprised healthy rats, group II received 0.8ml/kg CCl4 
subcutaneously along with olive oil in a 1:1 ratio twice a 
week, group III received 0.8ml/kg CCl4 subcutaneously 
along with olive oil in a 1:1 ratio together with OLE 
50mg/kg through gavage per day. Group 1V was treated 
with OLE 50mg/kg through gavage per day. The 
intervention continued for 28 days. On the 29th day, the 
animals were sacrificed, and blood and tissue samples 
were collected.  

Hepatic enzymes alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and alkaline 
phosphatase (ALP) were estimated by using commercial 
kits (Randox Laboratories Ltd., United Kingdom, and 
Amitech Diagnostics Inc., Canada). Total bilirubin levels 
were also assessed. Lipid peroxidation markers 4-
hydroxynonenal (4-HNE and isoprostane as well as total 
antioxidant capacity (TAC) levels were assayed using 
enzyme-linked immunosorbent assay (ELISA) kits (Glory 
Sciences Co. Ltd., United States). For histopathological 
investigations, the liver tissue samples were embedded in 

paraffin blocks after being fixed in formalin, sectioned at 
4mm and stained with haematotoxylin and eosin (H&E) 
for microscopic examination. Histological sections were 
graded and scored to determine the extent of hepatic 
damage. Histological sections were used to determine the 
severity of liver injury using numerical scores.12 

Data was analysed using SPSS 20. Post-hoc Tukey’s 
multiple comparison test was conducted. P<0.05 was 
considered significant. 

Results 
Of the 24 rats, 6(25%) were in each of the 4 groups. ALT, 
ALP, AST and total bilirubin levels (p<0.05) were raised in 
group II compared to group I and decreased (p<0.05) in 
group III compared to group II (Table 1).  

There was a significant increase in serum 4-HNE, 
isoprostane and MDA levels (p<0.05) in group II 
compared to group I and decreased (p<0.05) in group III 

Open Access Vol. 74, No.1 (Suppl. 2), February 2024

S-64 1st International Conference on Biomedical Sciences 

Table-1: Intergroup comparison of serum markers of hepatic injury. 
 
Groups                                                                                                                                    Total 
                                    ALT (U/L)                AST (U/L)                 ALP (U/L)               Bilirubin        
                                                                                                                                                (mg/dl) 
 
Control (n=6)         15.5 ± 1.7               12.2 ± 0.8                 122 ± 4.6              0.44 ± 0.04 
Toxic Group         24.2 ± 2.0 α *        19.5 ± 1.1 α *        163.7 ± 6.5 α *     0.66 ± 0.04 α * 
(CCl4) (n=6) 
CCl4 + OLE          17.2 ± 1.7 β *        14.2 ± 1.1 β *     132.5 ± 6.1 β *       0.50 ± 0.01 β * 
Group (n=6) 
OLE Group             9.7 ± 0.8 π *           8.5 ± 1.0 π *       108 ± 1.9 π *           0.29 ± 0.03 π * 
(n=6) 
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, A:P: Alkaline 
phosphatase, CCl4: Carbon tetrachloride, OLE: Olive leaves extract, *: Statistical 
significance (p<0.05), α: Comparison of control group and Toxic group, β: Comparison of 
Toxic group and CCL4+ OLE group π: Comparison of Control group and OLE group.   
The values are mean ± standard error of the mean (SEM). 

Table-2: Intergroup comparison of lipid peroxidation markers and total antioxidant 
levels. 
  
Groups                  Isoprostane               4-HNE                MDA levels in         TAC (U/ml)   
                                      (ng/dl)                    (Pg/ml)              liver (umol/g)                    
 
Control (n=6)         9.38± 1.76              6.20±0.91              0.51 ± 0.05             0.44 ± 0.03 
Toxic Group         17.65±1.75 α*      14.52±0.96 α*       1.05 ± 0.09 α*       0.29 ± 0.03 α 
(CCl4) (n=6) 
CCl4 + OLE           12.72±0.72 β*     10.18±0.79 β *       0.77 ± 0.07 β*       0.47 ± 0.02 β 
Group (n=6)                       
OLE Group (n=6)   5.7±0.60 π            8.24±0.76 π          0.53 ± 0.05 π         0.41 ± 0.01 π 
4-HNE: 4-hydroxynonenal, MDA: Malondialdehyde, TAC:  Total antioxidant capacity, 
CCl4: Carbon tetrachloride, OLE: Olive leaves extract, *: Statistical significance (p<0.05), 
α: Comparison of control group and Toxic group, β: Comparison of Toxic group and CCL4 
+ OLE group, π: Comparison of Control group and OLE group.  
The values are mean ± standard error of the mean (SEM).  



compared to group II. TAC levels were significantly higher 
(p>0.05) in group III compared to group II, and lower 
(p>0.05) in group II compared to group I (Table 2). 

Histopathological Findings showed enlargement, fatty 
changes, paleness and mild portal inflammation in 
groups II and III (Figure).  

Discussion 
Liver has an amazing regeneration capability. In animal 
models in which hepatocytes are damaged directly and 
necrosis occurs, cytokine-mediated pathways and similar 
growth-factor are triggered, as they are in partial 
hepatectomy. Hepatocyte proliferation is crucial for liver 
regeneration following hepatocyte necrosis or apoptosis 
driven by hepatic toxins, such as CCl4. There are 
considerable changes in the architecture of the liver both 
after partial hepatectomy and after hepatic necrosis. 
Basement membrane proteins, such as fibronectin, and 
additional forms of cell adhesion proteins are developed. 
During regeneration, changes in intracellular and 
intercellular connections are transitory, and normal liver 
architecture is only restored until the original liver mass 
has been restored13. 

Many diseases are caused by OS triggered by 
liver-toxic substances, environmental 
contaminants, ionising radiations and drugs that 
cause hepatotoxicity. In the industrial domain, 
CCl4 is a widely used chemical solvent. It is a 
well-known hepatotoxin, and has the best-
studied hepatotoxicity caused by xenobiotic-
induced free radicals in animal models. Hepatic 
damage is caused by CCl4 in different ways. One 
of the processes contributing to hepatotoxicity 
is enhanced lipid peroxidation due to amplified 
free radical formation from CCl4. The influx of 
inflammatory cells to the injured area by CCl4 

also activates the immune system14. Herbal 
treatment has been utilised to treat hepatic 
diseases for millennia. It has been explored that 
certain herbs and herbal extracts can shield the 
liver and kidney against CCl4 intoxication15. The 
leaves of Olea europaea have been used for 
medicinal purposes since ancient times.16 

Hepatic cytosolic enzymes can escape from 
membrane blebs or mitochondrial damage, and 
enter the circulation when membrane 
permeability is disturbed. The damage that 
occurs is brought on by metabolism or 
hepatocyte injury17. For assessing the severity of 
liver injury, ALT and AST levels were monitored 
in the current study. Elevated enzyme levels 
appear in the blood as the hepatocytes are 

damaged 18. Bile leaks into the circulation as a result of 
hepatic damage. Increased uptake of free bilirubin or 
hepatic beta-glucuronidase is a result of hepatic 
insufficiency19.  

In the present study, ALT, ALP, AST and total bilirubin 
levels (p<0.05) were increased in group II, which was in 
line with Shahat et al.20.  The current study found that OLE 
reduced the levels of ALT, AST, ALP and total bilirubin 
(p<0.05) in group III, indicating impediment of liver injury 
by CCl4 (Table 1). Moreover, histopathological results 
depicted liver enlargement, fatty change paleness, mild 
portal inflammation groups II and III (Figure). 

Additionally, the rats treated with CCl4 showed elevated 
levels of lipid peroxidation marker MDA, which is the final 
product of lipid peroxidation, and its concentration was 
significantly raised (p<0.05). The results are consistent 
with those of another study21. In contrast, OLE treatment 
significantly reduced MDA production, reducing OS and 
lipid peroxidation in the current study. 

Besides, 4-HNE is an extensive and commonly used 
indicator of the presence or amount of lipid peroxidation 
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Figure: Histopathological features of rat liver.  
I: Control group, II: CCl4 group, III: CCl4 + OLE group, IV: OLE group  
CV: Central vein, S: Sinusoids. 
CCl4: Carbon tetrachloride, OLE: Olive leaves extract. 



formed by damage to arachidonic acid and linoleic acid. 
Because CCl4 is an eminent compound in vivo activator of 
lipid peroxidation, it should mediate the generation of 4-
HNE22.  The current study found an increase in 4-HNE 
levels in the animals treated with CCl4 (p<0.05), but were 
reduced in samples from animals given OLE and CCl4, 
implying that these components reduced OS. 

Isoprostanes are Prostaglandin isomers generated by the 
peroxidation of arachidonic acid catalysed by free 
radicals. As such, they have potential to be lipid 
peroxidation biomarkers, and can be easily tested in 
plasma and urine23. Isoprostane levels were elevated 
(p<0.05) in CCl4 group compared to the control group, 
and declined (p<0.05) in OLE + CCl4 group (Table 2).  

Increased OS is virtually always present in chronic liver 
illnesses, regardless of the cause of the liver disease. TAC 
levels were increased in the treated group compared to 
the toxic group in the current study. 

The current study has limitations, as it did not comprise 
molecular investigation of its protective effect, analysis of 
specific doses, and isolation of natural ingredient in the 
olive leaf.  

Conclusion 
Olive leaves were found to have preventive qualities, and 
may include polyphenols that reduced OS and guarded 
against liver damage. When compared to the toxicant 
group, the parameters in the group treated with OLE 
revealed a clear difference.  
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