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Abstract- 

Background: Damage or Injury to the liver as a 

result of exposure to certain harmful drugs known 

as hepatotoxins is referred to as hepatotoxicity, this 

condition is becoming highly alarming as it 

contributes to over two (2) million death annually 

and worldwide. After administering virgin coconut 

oil (VCO)to rat models of hepatotoxicity induced 

with Aluminium Chloride (AlCl3) and D-galactose 

(D-gal), serum levels of liver enzymes and 

histopathological alterations in the hepatic tissue 

were evaluated. 

Objectives: The current study investigated the 

hepatoprotective effect of virgin coconut oil against 

AlCl3 and D-gal induced hepatotoxicity in male 

Wistar rats.  

Materials and methods: Twenty eight (28) healthy 

male Wistar rats were used in this study. VCO (1 

ml/kg and 3 ml/kg) was given orally to the AlCl3 

and D-gal induced hepatotoxic rats for four (4) 

weeks. At the end of treatment, blood samples were 

collected for the determination of serum levels of 

liver enzymes. The liver was harvested processed 

and histopathological changes as result of the 

adminstration of AlCl3 and D-gal to the liver were 

also documented. 

Results: VCO administration significantly raised the 

serum levels of globulin and total protein, while 

lowering alanine aminotransferase (AST) and 

aspartate aminotransferase (ALT) levels and also 

suppressing histopathological changes such as 

venular congestion, interlobular degeneration, 

presence of excess kupffer cells and fibrosis 

alterations in the liver. 

Conclusion: Virgin coconut cil has a 

hepatoprotective effect against Aluminium Chloride 

and D-galactose-induced hepatotoxicity by 

attenuating histological changes and normalizing 

the serum levels of liver enzymes. 

 

Indexed Terms- Virgin Coconut Oil, Hepatotoxicity, 

Histopathology, Aluminium Chloride and D-

galactose. 

 

I. INTRODUCTION 

 

Liver disease contributes to about 2 million deaths 

annually and worldwide, with approximately 1 

million deaths attributed to complications of liver 

cirrhosis and another million to viral hepatitis and 

hepatocellular carcinoma (Liao et al., 2016). Liver 

cirrhosis presently ranks the 11th most prevalent 

cause of death globally, while liver cancer stands as 

the 16th leading cause of death, which collectively 

constitute about 3.5% of all global deaths (Tajiri & 

Shimizu, 2013). 



© APR 2025 | IRE Journals | Volume 8 Issue 10 | ISSN: 2456-8880 

IRE 1709029          ICONIC RESEARCH AND ENGINEERING JOURNALS 1531 

 

 

The liver is essential for sustaining the body’s 

physiological equilibrium (homeostasis) (Ozougwu et 

al., 2017), its main function is to oversee and regulate 

the processing and safety of nutrients absorbed from 

the gut before they enter the bloodstream (Allen, 

2014). Because the liver plays metabolic and 

detoxification functions in the body, and hence it is 

continuously and variedly exposed to xenobiotics, 

hepatotoxins, environmental pollutants, and 

chemotherapeutic agents (Andrade et al., 2019). Due 

to the liver’s central role in the metabolism, 

detoxification and excretion of xenobiotic, it is made 

to be more susceptible to their adverse and toxic 

effects eventually leading to liver injury caused by 

various toxic chemicals hence leading to 

hepatotoxicity (Andrade et al., 2019 and Devarbhavi 

et al., 2023). 

 

Hepatotoxicity, refers to damage or dysfunction of 

the liver cells (hepatocytes) which is associated with 

an overload of drugs, xenobiotics or generally 

hepatotoxins (the chemicals that cause liver injury). 

Drug-induced liver damage is a clinical consequence 

that can be challenging to recognize, avoid, and 

manage because liver disorders are mostly 

asymptomatic at the onset (Vishnumukkala et al., 

2024). 

 

During the process of liver detoxification, a group of 

enzymes known as drug metabolizing enzymes 

(DMEs) are activated in order to detoxify a drug or 

xenobiotic (non-self-exogenous substances 

unrecognized by the body). However, certain drugs 

may cause liver injury even when introduced within 

the therapeutic ranges. At times, hepatotoxicity may 

result not only from the direct toxicity of the 

hepatotoxicants but also from a reactive metabolite or 

from an immunologically-mediated response 

affecting the liver cells (Aftab et al., 2021), in cases 

and conditions where the natural protective 

mechanisms of the liver becomes overwhelmed 

during the process of detoxification and excretion of 

any hepatotoxins, the consequences are damage to 

the liver cells which will eventually result into 

hepatic injury and ultimately progress through 

several stages of liver disorder (Haider et al., 2015). 

 

 

Aluminium (Al) is a heavy metal utilized in various 

aspects of human daily life, despite lacking any 

recognized biological significance in the human 

body, its widespread usage in developing countries 

has resulted in increased exposure to aluminum 

through various means. Al ranks the third most 

abundant element on earth, comprising 

approximately 8% of the total earth's crust. It is also 

the most commonly used and absorbed element in 

human daily activities, and exposure to Al occurs 

through multiple avenues as it is found abundant in 

deodorants, medications such as antacids, cosmetics, 

dietary sources, pesticides, and air pollution (Mahdi 

et al., 2021 and Vishnumukkala et al., 2024). Al is 

found to naturally occur in combination with other 

elements due to its high reactivity, forming 

compounds like Aluminum Chloride (AlCl3) of 

which recent studies have established it toxicity on 

the liver, brain and other organs in the body  (Mahdi 

et al., 2021 and Vishnumukkala et al., 2024).  

 

D-galactose (D-gal) is a reducing sugar that simply 

reacts with the free amines of amino acids in peptides 

and proteins. Thus it been established as a senescence 

agent producing advanced glycation end products 

(AGEs) (Mahdi et al., 2021). Frequent administration 

of D-gal at low doses has proven to cause changes 

that mimic natural aging processes in animals, such 

as oxidative stress, decreased immune response, liver 

dysfunction and alterations in gene transcription 

(Allen, 2014). In addition, D-gal has also shown to 

cause acute hepatic necrosis and cirrhosis in rats 

during long-term administration (Li et al., 2018). 

 

Findings have reported the pharmaceutical properties 

of virgin coconut oil (VCO) as compared to other 

oils. This includes its hepatoprotective, anti-

inflammatory, antimicrobial, and anti-hyper-

cholesterol effect. Moreover, it also helps to improve 

the antioxidant level and control the lipid 

peroxidation process (Nevin & Rajamohan, 2004). 

Therefore, VCO is gaining more attention due to its 

nutraceutical and pharmaceutical properties. 

 

II. MATERIALS AND METHOD 

 

CHEMICALS AND REAGENTS  
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AlCl3 and D-gal were freely obtained from 

Biochemistry laboratory of Gombe State University, 

normal saline which was used to dissolve both AlCl3 

and D-gal was purchased from a Pharmaceutical 

Store in Gombe. 

 

The Virgin Coconut Oil (VCO) was extracted using 

cold pressed extraction method according to Nevin 

and Rajamohan, 2004. Mature coconuts were 

purchased from commercial sellers in Gombe main 

market and were used for the extraction of VCO. 

 

EXPERIMENTAL ANIMALS AND ETHICAL 

APPROVAL  

 

Healthy male albino Wistar rats (10-12 months old) 

weighing about 150-180 grams were used in this 

study, the rats were obtained from the animal house 

of Human Anatomy Department of University of Jos, 

Nigeria. Rats were compartmentalized into four 

groups of seven in each, under the same laboratory 

condition of a 12-hour light and dark cycle, room 

temperature of 23 ± 1°C, and 50% humidity, and 

given unlimited access to distilled water and standard 

rats feed. The rats were acclimatized for 1-week 

before the commencement of the treatment which 

lasted for four weeks. 

 

Before the commencement of the experiment, ethical 

approval was obtained from the ethical committee for 

the care and handling of laboratory animals of the 

College of Basic Medical Sciences Gombe State 

University, and rats were handled in humane manner 

according to the approved animal experimental 

procedures. 

 

ANIMAL GROUPINGS AND EXPERIMENTAL 

DESIGN 

 

1. Control group (which received only normal Rats 

feeds with physiological saline) 

2. Model group (AlCl3 + D-gal of 200 mg/kg and 60 

mg/kg respectively) 

3. Low dose VCO group (model + VCO 1 ml/kg) 

4. High dose VCO group (model + VCO 3 ml/kg) 

 

 

 
Figure 1. Animal grouping and experimental design. 

 

BLOOD AND TISSUE SAMPLES COLLECTION 

The treatment lasted for four (4) weeks, following the 

end of treatment, the rats were fasted for 24 hours 

and were then euthanized by cervical decapitation, 

and plain tube containers were used to collect blood 

sample for assessment of liver function makers. 

Blood samples collected were centrifuged (3000g for 

15 min) for separation of serum, the liver was also 

dissected out, washed using sodium chloride solution, 

and the liver sample collected from each rat was 

fixed in 10% formalin solution, for histopathological 

examination. 

 

SERUM ASSESSMENT OF LIVER FUNCTIONS 

MAKERS 

Liver function test to assess the liver function makers 

for metabolic and synthetic functions of the liver was 

carried out using RANDOX REAGENT KIT, and the 

liver function markers, alanine aminotransferase 

(ALT), aspartate aminotransferase (AST), albumin 

(ALB) and total protein (TP) were analyzed in serum 

sample stored at 4 ºC. 

 

TISSUE PROCESSING AND 

HISTOPATHOLOGICAL EXAMINATION 

For qualitative analysis of liver histology, the tissue 

samples collected were fixed in 10% buffered 

formalin for 24 hours, dehydrated in ethanol and 

embedded in paraffin wax,  Sections of the liver 

tissue were prepared with the use of a rotary 

microtome and stained with Hematoxylin and Eosin 

(H and E) for microscopic study of histopathological 

alterations. The prepared slides were examined and 

photomicrographs were taken with MoticTM 

compound light microscope. 
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STATISTICAL ANALYSIS 

Statistical analysis was performed using GraphPad 

Prism version 10.2.0, and all values were expressed 

as mean ± standard error of mean (SEM), the 

Comparison of evaluated parameters was carried out 

using One-way analysis of variance (ANOVA) 

followed by Turkey’s post hoc test. And p-value < 

0.05 was considered statistically significant. 

 

III. RESULTS 

 

SERUM ANALYSIS 

 

IMPACT OF VCO ON SERUM LEVEL OF LIVER 

FUNCTION MARKERS (ALT, AST, GLB AND 

TP).  

Aspartate aminotransferase (AST) and Alanine 

aminotransferase (ALT) enzymes of metabolic 

product of the liver were significantly found to be in 

higher concentration in the serum of rats treated with 

AlCl3 and D-gal when compared to that found in 

serum level of rats in the control group which 

signifies Hepatotoxicity. However, when AlCl3 + D-

gal-treated group were co-administered with VCO at 

doses of 1 ml/kg and 3 ml/kg, the serum levels of 

AST and ALT were significantly decreased when 

compared to AlCl3+ D-gal- exposed rats, as shown in 

(Figure 2A and 2B). 

 

Additionally, the serum levels of liver synthetic 

markers Globulin (GLB) and Total Protein (TP) have 

also been observed to be significantly lower in serum 

of rats treated with AlCl3 + D-gal, However, while 

these rats have been co-administered with VCO at 

doses of 1 ml/kg and 3 ml/kg, the serum 

concentration of both GLB and TP significantly 

increased as compared to that in AlCl3 + D-gal 

induced rats as shown in (Figure 2C and 2D). 

 

HISTOPATHOLOGICAL STUDY 

 

IMPACT OF VCO ON THE LIVER HISTOLOGY 

 

In normal control group, histological study showed a 

normal liver histology affirmed by presence of well-

structured lobules, defined cords of hepatocytes, clear 

sinusoidal spaces, central vein located in the center of 

lobules and portal triad showing it content also (bile 

duct, hepatic artery and portal vein) as shown in 

(Figure 3A) 

 

 
Figure. 2: Represents serum level of liver function 

markers of experimental rats. (A) AST; (B) ALT; (C) 

GLB; and (D) TP. Data were expressed as mean ± 

SEM, n = 7, *p < 0.05 versus control group; #p < 

0.05 versus AlCl3 + D-gal. 
 

In contrast, rats exposed to AlCl3 + D-gal showed a 

distorted liver histology with a pathological 

hallmarks of hepatotoxicity characterized by blood 

congestion in both portal and central veins, excess 

presence of kupffer cells within the sinusoidal area 

and thickening of the venular wall as shown in 

(Figure 3B) 

 

Alternatively, low dose VCO treated group showed a 

moderate and also a considerable improvement in 

liver histology characterized by decrease in level of 

blood congestion within the portal and central vein 

and relatively clear sinusoidal spaces as shown in 

(Figure 3C). While the high dose VCO treated group 

denotes the hepatoprotective effect of VCO, by 

markedly improving the histoarchitecture of the liver 

histological features which in comparison looks 

almost exactly as that of the control group as shown 

in (Figure 3D). 
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Figure 3. Photomicrographs of the hepatic tissues. 

(A) The model group shows the central vein (CV) 

surrounded by hepatocytes (H), sinusoids (S), and 

portal triad as well; (B) the AlCl3 + D-gal group 

shows a pathological hallmark of hepatotoxicity, the 

CV and portal vein (PV) with blood congestion, more 

dilated blood sinusoids, and the presence of excess 

Kupffer cells; (C) the AlCl3 + D-gal + 1ml/kg VCO 

group shows narrow blood sinusoid spaces, and the 

presence of few Kupffer cells with a bit clear portal 

triad; (D) the AlCl3 + D-gal + 3ml/kg VCO group 

exhibits fewer dilated blood sinusoids, and the 

presence of few Kupffer cells with a good histology 

which is almost as same as that of the control group. 

H&E 
 

IV. DISCUSSION 

 

Drug-induced hepatotoxicity is one of the major 

reasons for mortality and morbidity in human beings 

across the world (Braet et al., 2002). Recent studies 

have established the combined administration of 

AlCl3 + D-gal as one of the most common 

hepatotoxic compound used to induce liver injury in 

experimental model used for the screening of the 

hepatoprotective effect of various drugs (Singh et al., 

2014). Our finding is consistent with this position. 

Further, another study has also explored the 

pharmacological importance of VCO such as anti-

inflammatory, antioxidant and it hepatoprotective 

effects in rat models (Sreevallabhan et al., 2020). 

 

Evidences of AlCl3 + D-gal induced hepatotoxicity 

have been linked to marked elevation in the serum 

level of liver enzymes (AST, ALT and ALP), 

increase in Bilirubin level and marked decrease in the 

serum level of Globulin (GLB), Albumin (ALB) and 

Total Protein (TP) (Anita et al., 2011). Results from 

this current study confirmed the toxic effect of AlCl3 

+ D-gal by prominent alterations in serum levels of 

liver damage markers (ALT, AST, GLB and TP) 

because acute liver injury alters hepatic transport 

function and membrane permeability, leading to 

leakage of marker enzymes (ALT and AST) from the 

cells, depresses the synthetic function of the liver, 

and pathologic alterations in liver histology 

(Famurewa et al., 2017) 

 

In the present study, my results clearly demonstrated 

that AlCl3 + D-gal intoxication triggers significant 

increase in serum levels of AST and ALT while GLB 

and TP decreased. Thus, indicating compromised 

hepatic synthetic function and this corroborate 

previous reports from systematic investigations in rat 

models of liver toxicity (Vishnumukkala et al., 2024 

and Min et al., 2015). 

 

Histomorphological changes in the liver cells of rats 

induced with AlCl3 + D-gal has also shown blood 

congestion in both central and portal veins. These are 

the hallmarks of oxidative stress in liver, leading to 

portal hypertension, marginal necrosis and 

inflammation of hepatocytes, increase sinusoidal 

spaces and excess presence of kupffer cells along the 

sinusoidal and portal areas (Li et al., 2018). 

 

The findings of this research work established the 

hepatotoxic effect of combined administration of 

AlCl3 + D-gal at 200 mg/kg and 60 mg/kg 

respectively as proven by a marked elevation in the 

serum level of liver enzymes (AST and ALT) in the 

model group (AlCl3 + D-gal only) compared to the 

normal control group. Also, the synthetic function of 

the liver was shown to be affected as proven by a 

marked decrease in the serum level of Globulin (0.93 

g/dl) and Total Protein (1.58 g/dl) compared to the 

control group (2.32 g/dl and 4.00 g/dl respectively). 

 

Further, the histological finding of this study also 

proved the hepatotoxicity of AlCl3 + D-gal as seen 

by extreme blood congestion in both portal and 

central vein of the model group (AlCl3 + D-gal only) 

followed by thickening of the venous wall which 

agrees with pathological findings according to (Li et 

al., 2018 and Vishnumukkala et al., 2024). 

 

Again, our result has demonstrated the 

hepatoprotective effect of VCO against AlCl3 + D-
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gal induced hepatotoxicity seen by the significant 

reduction in the serum level of liver enzymes (AST 

and ALT) virtually close to that of the normal control 

group as depicted in Figure 2 and 3 which is in 

accordance with the work of Abbasi et al., in 2021. 

 

VCO was also shown to enhance the synthetic 

function of the liver as shown by a marked elevation 

in the serum level of Globulin and Total Protein, 

where the low dose VCO treated group showed a 

marked elevation in the serum level of Globulin (1.58 

g/dl) and Total Protein (2.01 g/dl) above that of the 

model group (0.93 g/dl and 1.58 g/dl respectively). 

Similarly, the high dose VCO treated group showed 

an elevated serum level of Globulin (3.70 g/dl) and 

Total Protein (5.40 g/dl) even above that of the 

normal control group (2.32 g/dl and 4.00 g/dl 

respectively) as seen in figure 4 and 5. This result 

obtained coincided with findings of Famurewa et al., 

in 2017 and Narayanankutty et al., in 2018 where 

VCO was administered to rats. 

 

The low dose VCO treated (1 ml/kg) groups showed 

moderate improvement in liver cytoarchitecture 

compared to the model group, which was also similar 

to histology of the control group with reduced blood 

congestion in the portal vein.  

 

Whereas, high dose VCO treated group (3 ml/kg) 

showed virtually the same histology with that of the 

control group due to presence of clear central and 

portal veins. 

 

CONCLUSION 

 

In conclusion, the findings of this research has 

established the hepatoprotective effect of VCO in 

AlCl3 + D-gal induced hepatotoxicity by suppressing 

the serum level of liver enzymes (AST and ALT) and 

markedly increasing the serum level of Globulin and 

Total Protein. In addition, VCO also demonstrated 

hepatoprotective effectiveness by clearing congestion 

of blood clogs in both portal and central veins as 

revealed by histopathological studies. 

 

However, the main cause resulting in 

histopathological symptoms of micro vesicular 

steatosis characterized by small droplets of fats 

between hepatocytes is not clearly known.  
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