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ABSTRACT 

Aims: The aim of this study is to evaluate the ameliorating effect of aqueous extract of Cymbopogon citratus after carbon tetrachloride–induced liver damage in Wistar albino rats 

Methodology: Healthy wistar albino rats weighing 140 – 200 assigned into grouped into six groups of five rats per group. Group one served as the control. Groups two to six were injected intraperitoneally with a single dose of 0.3% CCl4 (per body weight) in 1:1 olive oil. Animals in group two were sacrificed 24 hours after CCl4 injection while animals in groups three to six were treated with 240, 480 and 720mg/kg of C. citratus extract daily respectively for 28 days. Biochemical markers such as Aspartate transaminase (AST), Alanine transaminase (ALT), Alkaline phosphatase (ALP), serum albumin (SA), total protein (TP) and liver malondialdehyde (liver MDA) were measured. Hematological parameters including Packed cell volume (PCV), haemoglobin concentration (Hb), white blood cell (WBC) count and Mean corpuscular volume (MCV) were evaluated. 

Results: CCl4-induced liver injury resulted in a significant (p<0.05) increase in serum ALP, ALT, AST and liver MDA with a significant (p<0.05) decrease in SA, TP, PCV, Hb, WBC and MCV. Treatment with 240, 480 and 720mg/kg of C. citratus extract for twenty eight days after CCl4 – induced liver damage resulted in a dose dependent significant (p<0.05) decrease in serum ALP, ALT, AST and liver MDA with a dose dependent significant (p<0.05) increase in SA, TP, PCV, Hb, WBC and MCV. Treatment with 720mg/kg of C. citratus extract for twenty eight days resulted in ALT, ALP, SA, Liver MDA, Hb, WBC, MCV and Liver MDA levels which were not significantly (p<0.05) different from control. The result of this study revealed that C. citratus extract at high dose was able to restore both biochemical and hematological  parameters in treated groups.

Conclusion: Aqueous extract of C. citratus demonstrated the ability to ameliorate  CCl4 – induced liver damage in Wistar rats as evident by its ability to restore hepatocyte membrane integrity, hepatic synthetic function, impede lipid peroxidation, reduce cholestasis and the immunosuppressive effect of CCl4. This is suggestive of the ability of the extract to to restore liver health after hepatocellular and cholestatic injury, making it a potential dietary intervention for liver damage. 
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1. INTRODUCTION 

Several researchers have identified the liver as one of the most important organ in the human system due to its metabolic activities, role in detoxification and excretion (balaguer-trias et al., 2022; Ayenew and Wasihun, 2023). The liver is the primary site for the biotransformation of exogenous and endogenous chemicals including xenobiotics as well as ingested chemicals, medications and microorganisms (balaguer-trias et al., 2022). Hence, it is vulnerable to the action of toxic metabolites and free radicals produce during detoxification and biotransformation. The detoxification and metabolic activities of the liver makes it a major site for the production of reactive oxygen species (ROS) (Thakur et al., 2024). A disruption in the redox balance of liver results in oxidative stress and lipid peroxidation in the liver causing hepatocellular injury characterized by a disruption of the hepatocyte cell membrane with a loss of liver functions and the release and the presence of elevated levels of Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST) in the serum (Thakur et al., 2024). A distortion of the liver architect by oxidative stress and lipid peroxidation leads to cholestatic injury characterized by the accumulation of fat in the hepatocytes and elevated level of serum Alkaline phosphatase (ALP) (Ayenew and Wasihun, 2023; Allameh et al. 2023). Oxidative stress and lipid peroxidation has been implicated in the pathophysiology of  acute liver injury as well as in the pathogenesis of metabolic and infectious liver diseases such as non-alcoholic steatohepatitis, alcoholic and non-alcoholic fatty liver and viral hepatitis (Gonzalez et al., 2020; Arroyave-Ospina et al., 2021). In addition, oxidative stress has also been implicated in the progression of liver disease such as hepatocellular carcinoma, liver cirrhosis and liver fibrosis (Conde de la Rosa et al., 2022)


Liver disease which range from Alcohol fatty liver disease (ALD), viral hepatitis, non-alcohol fatty diseases (NAFLD) to hepatocellular carcinoma and liver cirrhosis  has been identified as a global health challenge, with the global burden of disease study rating cirrhosis as number five of the leading cause of death in people within the age of 50 - 69 years (Fortea et al., 2022; Wazir et al., 2023). Alcohol fatty liver disease (ALD), viral hepatitis and non-alcohol fatty diseases (NAFLD) and their associated complications remains the most common drivers of chronic liver diseases such as liver cirrhosis and hepatocellular carcinoma (Younossi and Henry, 2021; Malnick et al., 2022; Devarbhavi et al., 2023). The globally increase in the misuse of alcohol, drug addiction, obesity, diabetes, organ transplants, immune system dysregulation, sexual activities and genetic disposition has increased the incidence of liver cirrhosis due to HCV, HBV, ALD and NAFLD (Devarbhavi et al., 2023; Mohajan and Mohajan, 2023). With the pandemic of obesity, NAFLD is on the increase as the increase in the rate of obesity around the world corresponds with the global burden for NAFLD (Quek et al., 2023). 


Globally, 10% of the population suffers from liver disease and an estimated annual deaths of two million has been attributed to liver disease, making liver disease responsible for one out of every twenty five deaths globally (4% of deaths globally) (Devarbhavi et al., 2023; Ayenew and Wasihun, 2023). Most of the deaths due to liver disease have been attributed to hepatocellular carcinoma and liver cirrhosis with cirrhosis on the list of the ten most common causes of global death and a predisposing factor for hepatocellular carcinoma (Younossi and Henry, 2021; Fortea et al., 2022, Devarbhavi et al., 2023). The morbidity and mortality due to liver diseases has become a significant global public health issue, which warrant investigations to enhance the clinical management and develop novel therapeutic strategies (Georgieva et al., 2023). With corticosteroids which is used for the treatment of alcohol induced hepatitis being associated with the risk of flaring hepatitis at high doses and no specific drug for NAFLD, modern medicine still faces difficulties in treating liver diseases (Chen et al., 2020; Wong et al., 2020; Arab et al., 2021). Hence the need for therapies which can ameliorate liver damage with minimal side effects. 

Plant based remedies has been used in the treatment of liver diseases as the interaction of the bioactive components of plant in synergistic manner may tackle biochemical processes like oxidative damage (Cheema and Singh, 2021; Eruotor et al., 2023). Hepatic biomarkers such as Alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (AP), mean corpuscular volume (MCV), white blood cell count (WBC), liver malondialdehyde, serum albumin, total protein and haemoglobin concentration has is used to evaluate liver injury and monitor the recovery of the liver as well as evaluate drug performance (Mao and Wu, 2020; Thakur et al., 2024). Cymbopogon citratus which is commonly known as lemon grass has been identified in folkores for its use as a liver tonic to cleanse the liver (oladeji et al., 2019). The leaves of C. citratus contain phytochemicals which have antioxidant, anti-inflammatory, anti-obesity, anti-fungal and anti-microbial abilities (oladeji et al., 2019; Guleria and Sehgal, 2020; Shendurse et al., 2021; Rakib-Uz-Zaman et al., 2022; Eruotor et al., 2023). Hence, this research is aimed at evaluating the ameliorating effect of aqueous extract of Cymbopogon citratus on carbon tetrachloride–induced liver injury in Wistar albino rats



2. MATERIALS AND METHODS 

2.1. Reagents and Chemicals 
The Randox Laboratory Ltd. Aspartate aminotransferase (AST), Alkaline phosphatase (ALP) and Alanine aminotransferase (ALT) kits were used. All other chemicals and reagents used in this study were of analytical grade.

2.2. Collection and Identification of Plant material 
Fresh leaves of C. citratus were obtained from Sapele in Delta State of Nigeria. The leaves were identified as C. citratus and given herbarium number UPH.NO.V.1259 at the herbarium in University of Port Harcourt, River State, Nigeria 

2.3. Extraction process 
The fresh leaves of C. citratus were shredded, rinsed with distilled water, air dried and converted into powder form with the aid of a Kenwood electric blender. Then, 200 g of the powdered C. citratus leaves was soaked in distilled water (1:5 weight per volume), stirred vigorously for 5 minutes and left on the bench. After for 24 hours, the mixture was filtered with a muslin cloth. The filtrate was then passed through a Whatman No. 1 filter paper, concentrated with a rotary evaporator at 50oC and evaporated to form a paste with a water bath at 50oC. The extract was weighed, put in sterile sample bottles and stored in a refrigerator.

2.4. Experimental Animals 
In this study, twenty four wistar albino rats about three months old of both sex weighing between 150-200 g which were bred in the Animal House of the Department of Biochemistry, University of Port Harcourt were used. The rats were given unrestricted access to food and water.

2.5. Experimental Setup 
The rats were assigned randomly into six groups with each group consisting of four rats each. 

· Group 1 served as the control group and were given food and water for 28 days. Rats in group 1 were sacrificed on day 29
· Group 2 served as the CCl4 control group and were injected intraperitoneally with a single dose of CCl4 at 0.3% per body in a 1:1 ratio with olive oil on day one. Rats in group 2 were sacrificed 24 hrs after injection. 
· Group 3 served as the CCl4 group, were injected intraperitoneally with a single dose of CCl4 at 0.3% per body in a 1:1 ratio with olive oil on day one. Rats in group 3 were sacrificed on day 29
· Groups 4-6 served as C. citratus groups, were injected intraperitoneally with a single dose of CCl4 at 0.3% per body in a 1:1 ratio with olive oil on day one and treated with 240, 480 and 720 mg/kg of C. citratus extract respectively for 28 days. Rats in groups 4-6 were sacrificed on day 29

2.6. Collection of Sample
Rats were sedated and blood was collected via direct cardiac puncture into ice cold ethylenediaminetetraacetic acid (EDTA) bottles for haematological and biochemical assay.The rats were dissected and the largest lobe of the liver was put in sterile bottles containing ice-cold normal saline for biochemical assay.

2.7. Biochemical analysis of Sample

Serum Alanine transaminase (ALP), aspartate transaminase (AST) and Alkaline phosphatase (ALP) was estimated via the standard procedure provided by their respective Randox Laboratory Ltd kits. Total serum protein (TP) was determined via using Randox Biuret kits. Serum albumin concentration was assayed using the dye binding technique method and absorbance was read on a  spectrophotometer at  630 nm (Chukwudoruo et al., 2021). The level of lipid peroxidation in the liver was assayed, using malondialdehyde (MDA) as a marker, via assay for the formation of thiobarbituric acid reactive substances (TBARS) formation  (Abbas et al., 2021). Absorbance TBARS-MDA complex was read on a  spectrophotometer at  532 nm

2.8. Haematological analysis 
Haematology parameters such as white blood cell (WBC) count, haemoglobin concenteration (Hb), Packed cell volume (PCV), Mean corpuscular volume (MCV) and red blood cells (RBC) count were evaluated with a haematology analyser (ABC Vet®, ABX Diagnostics, Montpellier, France).

2.9. Statistical analysis 
The data collect were subjected to inferential statistical analysis using the one way analysis of variance (ANOVA) and as mean ± standard deviation (n = 4). The significance of the result was assessed with P-value of less than 0.05 (P<0.05).



3. results and discussion

3.1. Result

3.1.1. Liver function enzyme parameters

The result obtained from an evaluation of the liver function enzymes ALP, ALT and AST in the serum is presented in figures 1-3 below. From figure 1 below, a significant increase in the activity of serum ALP was observed within 24hrs after injection with CCl4 (G2) when compared with control animals (G1). A significant decrease in ALP was observed in animals left without any form of treatment for 28 days (G3) when compared with G2. Treatment with C. citratus at 240,480 and 720 mg/kg body weight respectively, resulted in a significant decrease in serum ALP when compared to animals in G2 and G3. The serum ALP activity observed in animals which received 480 (G5) and 720mg/kg (G6) body weight respectively, was not significantly from that obtained control animals (G1).
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Figure 1. Ameliorating effect of C. citratus on serum ALP after carbon tetrachloride–induced liver injury. Means with same subscript are not significantly different from each other (p>0.05). Means with different subscripts are significantly different from each other (p<0.05)




Figure 2 below shows that a significant increased was observed in serum ALT after 24hrs of CCl4 injection (G2) when compared with control animals (G1). Serum ALT activity of animals in G2 was not significantly different from that in animals which were left without treatment for 28 days (G3). A significant decrease in serum ALT was observed at all doses of C. citratus (G4, G5 and G6) when compared with G2 and G3. At 480 (G5) and 720 mg/kg (G6) C. citratus respectively, serum ALT was not significantly different from control (Figure 2).
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Figure 2. Ameliorating effect of C. citratus on serum ALT after carbon tetrachloride–induced liver injury. Means with same subscript are not significantly different from each other (p>0.05). Means with different subscripts are significantly different from each other (p<0.05)


Figure 3 below shows that serum AST increased within 24 hrs of injection with CCl4 (G2). When animals were left without treatment for 28 days (G3), no significant change was observed in serum AST when compared with G2. Upon treatment with 240mg/k C. citratus, serum AST was not significantly different from that of animals in G3. Treatment with 480 (G5) and 720 mg/kg (G6) C. citratus respectively, resulted in a decrease in serum AST which was significantly different from G2 and G3.
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Figure 3. Ameliorating effect of C. citratus on serum AST after carbon tetrachloride–induced liver injury. Means with same subscript are not significantly different from each other (p>0.05). Means with different subscripts are significantly different from each other (p<0.05)






3.1.2. Biochemical Parameters

The results obtained from the evaluation of biochemical parameters including liver MDA, serum albumin and total protein are presented in figures 4, 5 and 6 below. From figure 4 below, an increase in liver MDA was observed after 24hrs of injection with CCl4 (G2). When animals where left without treatment for 28 days (G3), a significant decrease in liver MDA was observed when compared with G2. Upon treatment with 240 and 480 mg/kg of C. citratus for 28 days, no significant difference in liver MDA was observed when compared with G3. When animals were treated with 720mg/kg C. citratus, liver MDA was not significantly different from control (G1).
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Figure 4. Ameliorating effect of C. citratus on Liver MDA after carbon tetrachloride–induced liver injury. Means with same subscript are not significantly different from each other (p>0.05). Means with different subscripts are significantly different from each other (p<0.05)
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Figure 5. Ameliorating effect of C. citratus on serum Albumin after carbon tetrachloride–induced liver injury. Means with same subscript are not significantly different from each other (p>0.05). Means with different subscripts are significantly different from each other (p<0.05)


A significant decrease was observed in serum albumin after 24 hrs of injection with CCl4 (G2) as observed in figure 5 below. No significant different was observed in serum albumin when animals were left for 28 days without treatment (G3) when compared with G2. After treatment with 240, 480 and 720 mg/kg for 28 days, serum albumin was not significantly different from control (figure 5).



From figure 6 below, a significant decrease in total protein was observed 24hrs after injection with CCl4 (G2) when compared with control (G1). When animals were left without treatment for 28 days (G3), total protein was not significantly different from G2. After treatment with 240, 480 and 720 mg/kg of C. citratus, there was a significant increase in total protein which was significantly higher than control.
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Figure 6. Ameliorating effect of C. citratus on total protein after carbon tetrachloride–induced liver injury. Means with same subscript are not significantly different from each other (p>0.05). Means with different subscripts are significantly different from each other (p<0.05)






3.1.3. Haematological Parameters


The results obtained from the evaluation of haematological parameters including PCV, Hb, WBC and MCV are presented in figures 7, 8, 9 and 10 below. PCV was observed to significantly decrease after 24hrs of CCl4 injection (G2) (Figure 7). When animals were left without treatment for 28 days (G3), PCV level was not significantly different from G2. After treatment with 240, 480 and 720 mg/kg C. citratus respectively, PCV level was not significantly different from G2 (Figure 7). 
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Figure 7. Ameliorating effect of C. citratus on PCV after carbon tetrachloride–induced liver injury. Means with same subscript are not significantly different from each other (p>0.05). Means with different subscripts are significantly different from each other (p<0.05)


From figure 8 below, Hb level significantly decreased after 24hrs of CCl4 injection (G2) when compared with control. When animals were left untreated for 28 day (G3), Hb level was not significantly different from G2. Treatment of animals with 240 (G4), 480 (G5) and 720 (G6) mg/kg of C. citratus respectively for 28 days, resulted in an increase in Hb level (figure 8). At 480 mg/kg of C. citratus, Hb level was not significantly different from G4 and control. While at 720mg/kg of C. citratus, Hb level was significantly higher when compared with control. 
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Figure 8. Ameliorating effect of C. citratus on Hb after carbon tetrachloride–induced liver injury. Means with same subscript are not significantly different from each other (p>0.05). Means with different subscripts are significantly different from each other (p<0.05)




WBC was observed to increase 24hrs after CCl4 injection (G2) (figure 9). When animals were left untreated for 28 days (G3), WCB significantly decrease when compared with G2. After treatment with 240 mg/kg of C. citratus for 28 days, WBC was not significantly different from G3. After treatment with 480 and 720 mg/kg of C. citratus for 28 days (G5 and G6), WBC was not significantly different from control (figure 9).
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Figure 9. Ameliorating effect of C. citratus on WBC after carbon tetrachloride–induced liver injury. Means with same subscript are not significantly different from each other (p>0.05). Means with different subscripts are significantly different from each other (p<0.05)



MCV significantly increased 24hrs after CCl4 injection (G2) (figure 10). When animals were left untreated for 28 days (G3), MCV was not significantly different from G2. Treatment of animals with 240 and 480 mg/kg of C. citratus (G4 and G5) for 28 day resulted in MCV which was not significantly different when compared with G2 and G3 respectively. Treatment with 720 mg/kg of C. citratus for 28 days resulted in MCV which was not significantly different from that obtained in control animals (G1) (figure 10).
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Figure 10. Ameliorating effect of C. citratus on MCV after carbon tetrachloride–induced liver injury. Means with same subscript are not significantly different from each other (p>0.05). Means with different subscripts are significantly different from each other (p<0.05)




3.2. Discussion


The increase in mortality and morbidity due to liver disease, has made liver disease the focus of several research (Almatroodi et al., 2020; Abdul Basit et al., 2020; Alum et al., 2022; Shareef et al., 2022; Prottasha et al., 2024). This research examined the effect of Cymbopogon citratus extract on liver damage in animal model using CCl4 as a hepatotoxin.  CCl4 induces liver damage. Carbon tetrachloride which is a hepatotoxic agent has been used by several researchers to induce liver damage in research on liver disease due to its ability to induce oxidative stress, inflammation and accumulation of fat in the hepatocytes which mimic the mechanism of disease induced liver damage (Unsal et al., 2021; Rodríguez-Fragoso et al., 2022). CCl4 can induce both hepatocellular and Cholestatic injury (Meng et al., 2020). CCl4 induced hepatocelluar injury has been ascribed to the the ability of CCl4 to create oxidative stress in the liver when it is metabolised to the free radicals  trichloromethyl (•CCl₃) and trichloromethyl peroxyl (•CCl₃O2) by cytochrome P450 enzyme (Ali, 2025). 

The administration of a single dose of CCl4 in this study, significantly increased serum levels of  ALT and AST with an increase in liver MDA when compared with control. MDA is a byproduct of lipid peroxidation which is used as a marker for oxidative stress (Mohideen et al., 2023). The increase in liver MDA is indicative of CCl4 induced oxidative stress and lipid peroxidation in the liver (Mohideen et al., 2023). Abnormal serum levels of the liver function enzymes ALT and AST are indicative of hepatocellar injury (Kalas et al., 2021). This collaborates the findings of earlier research that CCl4 can induce hepatocelluar injury (Kilany et al., 2020; Kalas et al., 2021). The increase in serum ALT and AST in this study is due to the oxidative stress-induced lipid peroxidation in the liver which led to the degradation of the hepatocyte cell membrane and a release of  ALT and AST into the blood (Kalas et al., 2021). 

In this study, the administration of different doses of C. citratus after the induction of CCl4 liver damage restore serum ALT and liver MDA to normal while significantly reducing serum AST. On the other hand, apart from the liver, AST is also predominately present in the kidney, brain and heart tissues. A damage in the plasma membrane of these tissues also results in a leak in AST from these tissues and an increase in serum AST (Ndrepepa, 2021; Kalas et al., 2021). CCl4 toxicity is associated with a dysfunction in organs such as the heart and kidney (Mazani et al., 2022; Al Amin and Menezes, 2023; Murtaza and Khan, 2023). Hence, the inability of Cymbopogon citratus extract to restore serum AST levels back to normal despite its ability to overcome oxidative stress in the liver maybe due to a CCl4 induced damage to other tissues where AST is present as elevated levels of serum AST has been identified in acute myocardial infarction and skeletal muscle trauma/injury (Ndrepepa, 2021; Kalas et al., 2021). The distortion in the hepatic architecture due to lipid peroxidation and a destruction of the hepatic cell membrane in CCl4-induced liver injury leads to an  impairment of bile flow and the cholestatic induction of ALP (Wang et al., 2023; Almohmadi et al., 2024). An increase in serum ALP was also observed in this study when compared with control. This finding is in accordance with the findings of Wang et al. (2023) and Almohmadi et al. (2024).

The liver parenchymal cell play a role in serum protein synthesis and secretion (Xian et al., 2024). It was discovered in this study that markers for hepatocellular synthetic functions such as serum albumin and total protein were reduced when compared with control indicating a decrease in the synthetic ability of the liver due to CCl4 toxicity. This corroborates earlier findings that CCl4 hepatotoxicity can lead to a deficiency in the ability of the hepatocytes to carry out their synthetic functions due to lipid peroxidation resulting in a loss or destruction of the liver parenchymal cell integrity (Algefare et al., 2024; Almohmadi et al., 2024). The liver is the storage organ for vitamin B12, a disruption in the ability of the liver to store vitamin B12 results in a deficiency of vitamin B12, pernicious anaemia, the presence of immature red blood cells and an increase in MCV (Sobczyńska-Malefora et al., 2021; Guéant et al., 2022). Liver diseases including hepatitis, bile duct obstruction and hepatic steatosis have been associated with vitamin B12 deficiency (Kozeniecki et al., 2020; Espina et al., 2024). In this study, PCV and Hb level was found to be significantly decreased with a significant increase in MCV, which is characteristic of pernicious anaemia. This corroborates the findings of previous researches (Kilany et al., 2020; Uroko et al., 2021; Abu et al., 2022; Sinoriya and Singh, 2024). 

CCl4 induced toxicity is characterized by oxidative stress and inflammation which results in an increase in WBC. In this study, WBC significantly increased 24hrs after a single dose of CCl4 injection, when compared with control. This was similar to the findings of Ullah et al. (2020) and Ali (2025). However, in this study, a fall in WBC was observed 4 weeks after CCl4 injection. A decrease in WBC 4 weeks after CCl4 injection was also observed by Elshopakey et al. (2021). This decrease in WBC maybe as a result of the immunosuppresive ability of CCl4 (Elshopakey et al., 2021; Gazwi et al., 2023).

The ability of the aqueous extract of Cymbopogon citratus at high dose to restore liver MDA, serum ALT, ALP, serum albumin, Hb, WBC and MCV in this study maybe due to the antioxidant ability of Cymbopogon citratus (Hussain et al., 2023; Nacer et al., 2024). 






4. Conclusion



In this study, the ability of C. citratus extract to restore hepatocyte membrane integrity, hepatic synthetic function, impede lipid peroxidation, reduce cholestasis and the immunosuppressive effect of CCl4, suggest that aqueous extract of C. citratus posses the ability to restore liver health after hepatocellular and cholestatic injury. Hepatototoxin which provoke hepatic injury producing pathophysiology that progress to  liver disease such as hepatitis, hepatic steatosis, steatohepatitis, hepatocellular carcinoma, cirrhosis and fibrosis  are used to evaluate the ability of drug candidates to treat liver diseases. Hence, the findings of this study points at C. citratus as a promising candidate in the development of medications aimed at ameliorating liver injury and diseases. However, further studies are required to explain the exact mechanism of action behind the hepatocyte restoring ability of C. citratus extract and isolate the phytochemical responsible for this effect.
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