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ABSTRACT 

             Thioacetamide (TAA) is a strong hepatotoxin that causes 

hepatocellular necrosis, apoptosis, pathological extracellular matrix fibrosis, 

and elevated levels of oxidative stress. Persea americana (P. americana) is a 

dietary palm fruit, it is well-known for its antioxidant properties, high 

monounsaturated fat content, and various other health benefits. This study 

aimed to evaluate the hepatic and antioxidant effects of P. americana oil in 

TAA-induced liver damage. Biochemical analysis, including alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), alkaline 

phosphatase (ALP), total protein, total bilirubin, albumin, glutathione (GSH), 

malondialdehyde (MDA), superoxide dismutase (SOD), and catalase (CAT), 

alongside the histological examination for liver tissue. Biochemical analysis of 

the blood serum showed that TAA exposure impaired liver function, as 

evidenced by elevations in the activities of ALT, AST, and ALP, total bilirubin, 

and antioxidant biomarkers, along with reductions in serum albumin and 

antioxidant enzyme activities. Treatment with P. americana oil effectively 

normalizes serum hepatic markers, with significant reductions in MDA, and 

elevations in GSH, CAT and SOD levels. Histopathological examination 

revealed that P. americana oil treatment was hepatoprotective with improved 

architecture, decreased hepatocyte degeneration, and maintained sinusoidal 

integrity in treated groups. These findings underscore that P. americana oil may 

serve as a therapeutic agent for oxidative stress-related hepatic disorders. 

  

              INTRODUCTION 

 

  Thioacetamide triggers liver injury by bioactivation of metabolites, which increases 

oxidative stress, disrupts redox balance, and promotes inflammation and lipid peroxidation 

(Ezhilarasan, 2023). It also triggers hepatotoxicity in animal models, characterized by an 

increase in liver enzymes, including ALT, AST, ALP, and total bilirubin, along with 

histological deteriorations, such as fibrosis, cirrhosis, and potential hepatocellular carcinoma 

(Saad et al., 2020; Faisul & Al-Saidya, 2023). These changes reduce cellular integrity, weaken 
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antioxidant defenses, and cause severe hepatocellular damage, fibrosis, and organ dysfunction 

(Zhang & Xu, 2024).  The oxidative stress and abnormal lipid profile biomarkers observed in 

TAA toxicity promote the need for therapeutic interventions targeting oxidative stress and 

pathological pathways. 

Persea americana, commonly known as avocado, is native to Central America with 

various medicinal applications (Zakaria et al., 2022). The natural bioactive substances present 

in its oil are considered therapeutic agents for managing the context of toxin-induced injury 

(Abozaid et al., 2021). It is also a rich source of monounsaturated fatty acids, particularly oleic 

acid (Nascimento et al., 2025). Additionally, P. americana oil contains phytosterols, 

tocopherols, carotenoids, and polyphenols, which collectively exert potent antioxidant and 

hepatoprotective effects (Okorie et al., 2024). Oxidative stress is mitigated by bioactive 

molecules through the enhancement of antioxidant enzyme activity and restoring lipid 

homeostasis in different toxicity models (Ehikioya et al., 2023).  

            The protective role of P. americana oil in reducing oxidative stress, lipid profile 

abnormalities, and liver toxicity caused by TAA is still being studied, despite mounting 

evidence of its therapeutic benefits. The current study sought to determine how P. americana 

oil affected antioxidant markers, lipid profiles, and liver function in male rats exposed to TAA. 

It also sought to determine whether the oil could reverse histopathological alterations in hepatic 

tissue.    

                
            MATERIALS AND METHODS 

 

Chemicals:  

             Thioacetamide was obtained from Sigma Aldrich Co. (St. Louis, MO, USA), and P. 

americana oil was purchased from the local market. 

Experimental Design:  

             The rats were obtained from the Experimental Animal Unit of King Fahd Medical 

Research Center, King Abdulaziz University, weighing 140-160 g. The rats were divided into 

four groups (n=10), The following treatments with P. americana were administered daily for 

six consecutive weeks as follows: 

• Group I: The control group received orally NaCl (0.9 %) 

• Group II: TAA-treated group, received orally TAA (300 mg/kg) 

• Group III: TAA-treated group, received orally TAA (300 mg/kg, per orally) + P. americana (800 

g/kg) 

• Group IV: PSO P. americana -treated group, received P. americana (800 g/kg) 

Liver Function Parameters: 

             Serum ALT and AST were measured using the Reitman and Frankel (1957) method. 

ALP was determined using the Bowers Jr and   McComb (1966) method. Albumin was 

measured using the Busher (1990) method.  Total bilirubin was determined according to the 

Doumas et al. (1985) method. Total protein was assessed by the method of Peters Jr (1968). 

Antioxidant parameters 

Following the collection of blood samples, the oxidative stress markers selected for this 

experiment were analyzed using the following procedures: GST, based on the protocol 

described by Moron et al. (1979); MDA was determined according to Draper and Hadley 

(1990). SOD and catalase were measured based on the method of Misra and Fridovich (1972); 

CAT were assessed according to Aebi (1974) method. 

Histological Examination of Liver Tissues: 

             Liver tissues were fixed in a 10% formalin solution, dehydrated in varying alcohol 

concentrations, cleared with xylol, and embedded in paraffin wax. For histological 

examination, 5 µM sections were stained with Harris hematoxylin and eosin. 

Statistical Analysis:  
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             The results were presented as mean ± standard deviation (SD) for comparison. The 

data were statistically analyzed using Prism® software for Windows, version 9.50 (GraphPad, 

USA), using one-way ANOVA, with P<0.05.  

 

     RESULTS  

 

Liver Function Measurements: 

            Fig.1 shows the liver function biomarkers, including ALT, AST, ALP, and total 

bilirubin, significantly demonstrated an elevation following TAA administration while 

markedly reducing total protein and albumin levels compared to the control group (P < 0.05), 

indicating hepatocyte membrane rupture. However, treatment with P. americana oil 

significantly mitigated these changes, as demonstrated by the reduction of ALT, AST, ALP, 

and total bilirubin, alongside the restoration of total protein and albumin levels compared to 

the TAA group (P < 0.05) was observed. Additionally, treatment with P. americana oil showed 

no significant change, indicating its hepatoprotective potential. 

 
Fig. 1. Effect of P. americana oil on liver function biomarkers in the different studied groups. 

(A) ALT, (B) AST, (C) ALP, (D) total bilirubin, (E) total protein, and (F) albumin levels. 

Results are presented as mean ± SD. *: Significant change compared to the control group. #: 
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Significant change compared to the TAA group.  

Antioxidant Measurements:  

            Fig.2 demonstrates the TAA-treated group showed a significant decrease in the serum 

levels of antioxidant biomarkers, including GSH, SOD, and CAT while markedly increasing 

MDA levels compared to the control group (P < 0.05), indicating oxidative stress. Conversely, 

treatment with P. americana oil restored the levels of GSH, SOD and CAT, while reducing 

MDA levels compared to TAA group (P < 0.05). Moreover, treatment with P. americana oil 

demonstrated no significant change comparable to the control group across all measured 

parameters, confirming its potent antioxidants and protective properties against TAA-induced 

oxidative damage. 

 
Fig. 2. Effect of P. americana oil on antioxidant parameters, including (A) GSH, (B) MDA, 

(C) SOD, and (D) CAT) in different studied groups. Results are presented as mean ± SD. *: 

Significant change compared to the control group. #: Significant change compared to TAA 

group. 

 

Histological Examination of Liver Tissue:  

           Fig.3 shows the histological analysis revealed that the control group demonstrated 

normal liver architecture with intact hepatocytes, central veins, and sinusoids. The TAA-

treated group showed significant hepatocellular damage, including disrupted hepatocytes, 

dilated central veins, and sinusoidal congestion, indicative of severe liver injury. Treatment 

with P. americana oil exhibited considerable restoration of liver structure, with reduced 

hepatocellular damage and improved sinusoidal organization, suggesting a protective effect of 

P. americana oil against TAA-induced damage. The P. americana oil group displayed liver 

architecture like the control group, confirming its hepatoprotective properties in maintaining 

normal liver histology. 
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Fig. 3. Histopathological examination of lobe sections of the liver tissues (Hematoxylin & 

Eosin, 100x magnification) in different studied groups, showing degenerative change. (A) 

control group: Normal liver architecture with intact hepatocytes, central vein (CV), sinusoids, 

red blood cells (RBC), and Kupffer cells. (B) TAA-treated group: Marked hepatocellular 

damage, including disrupted hepatocytes, dilated central vein, and sinusoidal congestion, 

indicative of liver injury. (C) TAA + P. americana oil improved liver architecture with reduced 

hepatocellular damage, restoration of sinusoidal structure, and relatively normal Kupffer cells. 

(D) P. americana oil group: Liver tissue like the control group with intact hepatocytes, central 

vein, and sinusoids, demonstrating hepatoprotective effects of P. americana oil. 

 

   DISCUSSION  

 

           Thioacetamide is a hepatotoxin commonly used to induce liver injury due to its ability 

to trigger oxidative stress, lipid peroxidation, and hepatocellular necrosis (Stefanello et al., 

2017). The presented findings collectively demonstrate the protective effects of P. americana 

oil against TAA-induced hepatotoxicity and oxidative stress through a multifaceted approach 

involving biochemical, functional, and histological analysis. TAA-triggered hepatotoxicity 

was demonstrated by a significant increase in ALT, AST, ALP, and total bilirubin levels. These 

findings are in line with the previous studies done by Kabiri et al. (2013), who showed an 

increase in liver biomarkers after exposure to TAA. Both Chen et al. (2008) and Abd El-

Hameed et al. (2024) demonstrated that the rise in ALT, AST, and ALP alkaline phosphatase 

activity in the serum following TAA exposure is due to injury inflicted on the hepatocyte 

membranes. 

            For instance, the increase in total bilirubin levels can also demonstrate the obstruction 

in the bile excretion and the detoxification activity of the liver. This is consistent with the 



 

Saleh A. Al Muntashiri et al. 

120 

finding by Joerger et al. (2007), who showed that these biomarkers as important indicators of 

biliary obstruction and liver injury. Additionally, the experimental animals administered with 

TAA showed a marked decrease in serum albumin and total protein levels, which suggests 

impairment of hepatic protein synthesis, thus indicating liver function impairment. These 

findings agree with the findings of Hamad Shareef et al. (2022), who reported that TAA 

administration was associated with increased hepatic enzymes and decreased albumin and total 

protein levels, indicating profound hepatic injury. 

            Persa. americana oil treatment greatly reduced elevations of ALT, AST, and ALP, 

indicating that it may have hepatoprotective potential by restoring hepatocyte membrane 

integrity and aiding healing processes in the liver. Decreased total bilirubin levels indicate 

recovering bile duct function and reduced cholestasis. The normalization of albumin and total 

protein levels confirms the resumption of hepatic protein production. 

           Changes in antioxidant profile were notable in the TAA-treated group with diminished 

GSH, SOD, and CAT levels and increased levels of MDA. These changes as a result of severe 

oxidative stress associated with the TAA exposure, including increased reactive oxygen 

species (ROS) production and a corresponding cellular redox imbalance (Dawood et al., 2022).  

The increase in MDA levels, as a marker of lipid peroxidation, signals injury to the membrane 

lipids that affect cell structure and function (Ezhilarasan, 2023). The application of P. 

americana oil mitigated the increase in MDA and restored GSH, SOD, and CAT levels, 

indicating P. americana oil’s antioxidative property, which is probably because of its 

flavonoids, polyphenols, and vitamins that are known to potentiate endogenous antioxidant 

systems and detoxify ROS (Munthe et al., 2023). Antioxidant parameters were altered, 

showcasing the capacity of P. americana oil in oxidative stress mitigation, even in the absence 

of external factors. 

            Histological examination confirmed biochemical analysis results, which demonstrated 

morphologic changes of hepatic injury and tissue regeneration. Liver slices from the control 

group had their characteristic architecture with normal functioning hepatocytes, central veins, 

and sinusoids, which means they had preserved hepatic function. However, the hepatic tissues 

from the TAA exposure group showed marked and pronounced histological changes such as 

necrosis of liver cells, adenomegaly of central veins, and congestion of sinusoids, which 

indicate advanced hepatic injury. 

            This aligns with the observations conducted by Köhn-Gaone et al. (2016) and Abd El-

Hameed et al. (2024), who demonstrated that TAA-exposure oxidative stress, accompanying 

TAA exposure, is responsible for the hepatocellular injury in rats as seen by the hepatocyte 

loss, dilated central veins, and sinusoidal changes, which ranged from hypocellularity to 

congestion within the liver. Unlike the others, P. americana oil treatment did improve the 

histopathological changes attributable to TAA, as the liver moved towards normal architecture. 

This was marked by restored hepatocytes, normal central veins, and mild sinusoidal 

congestion, confirming the hepatoprotective efficacy of P. americana oil. In addition, liver 

sections of rats given P. americana oil alone showed improvement of histological changes that 

were like the control group, proving it fulfilled the role in sustaining normal liver structure and 

function.  

Conclusion 

              The results of this study indicate a strong hepatoprotective and antioxidative effect of 

P. americana oil against TAA-induced liver injury and oxidative harm, through the 

reactivation of antioxidant enzyme activity, decline of lipid peroxidation, normalization of 

liver biochemical tests, and improvement of histological changes in the liver. P. americana oil 

presents its pharmacological significance in preventing and mitigating liver injury. Future 

studies should aim to understand the molecular pathways that lead to these actions and explore 

the clinical applicability of P. americana oil as a treatment for liver injuries caused by oxidative 

stress and inflammation. 
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