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ABSTRACT
The present study investigated the effects of ethanol extract of Tetrapleura tetraptera fruit in albino rats induced carbon tetrachloride.  The animals were acclimatized to the laboratory conditions for a period of seven days. At the end of the acclimatization period, each rat was weighed and randomly divided into six (6) groups of five animals each, comprising of test animals and control groups.  Determination of Total Bilirubin and protein, lipid peroxidation inhibition activities, liver enzymes marker, antioxidant enzymes, glutathione, and histological examination were carried out using standard methods. Liver injury was induced with carbon tetrachloride (CCl4) at a dose of 1.0 ml/kg body weight of the animals. The rats treated with CCl4 produced significant (p<0.05) increase in serum ALT, AST and ALP when compared to the normal group. Animals treated with varying doses of ethanol extract of Tetrapleura tetraptera fruit produced significant (p<0.05) reduction of serum ALT, AST and ALP activities when compared to the CCl4-untreated group. The activities of hepatic antioxidant enzymes; Superoxide Dismutase (SOD), Catalase (CAT) and Glutathione (GSH) concentration significantly (p<0.05) decreased in CCl4-untreated group compared to the normal group. The decreased activities of the antioxidant enzymes and glutathione concentration in CCl4 intoxicated rats were modulated more effectively in rats treated with 100, 300 and 500 mg/kg ethanol extract of Tetrapleura tetraptera fruit. Total bilirubin (TB) concentrations significantly (p<0.05) increased in CCl4-untreated group when compared to the normal group. Oral treatment of rats with varying doses (100, 300, 500 mg/kg) of ethanol extract of Tetrapleura tetraptera fruit caused a significant (p<0.05) decrease in the serum TB levels. Administration of CCl4 showed a reduction in serum total proteins. On treatment of the animals with ethanol extract of Tetrapleura tetraptera fruit caused significant (p<0.05) increase in serum total protein. The level of serum malondialdehyde (MDA) significantly (p<0.05) increased in the CCl4 group as compared to the normal and treated groups. The elevated level of serum MDA decreased (p<0.05) significantly at the treatment of rats with diverse doses of Tetrapleura tetraptera fruit extract. Histological examination showed hepatoprotective potencies of plant’s extract. Therefore the medicinal importance of the plant is been established.
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1.0 INTRODUCTION
Tetrapleura tetraptera is a deciduous plant that grows on the border of the West and Central African rainforest zone (Adesina et al.,  [1]. It is commonly found in the forest outliners in the African plains (Adusei et al., [2].  Ethnomedically, all parts of Tetrapleura tetraptera have been reported to be used for pharmacological and therapeutic purposes (Saliu et al., [3]; Lin et al., [4]). The stem bark is partially and fairly smooth, grayish-brown and thin (Adesina et al., [1].  The fruits consist of a freshly pulp with small, brownish – black seeds. Its fruit is used for the management of convulsions, leprosy, inflammation, and rheumatism (Adusei et al., [2].  The fruits contain oily, aromatic and sugary substances when the fruits drop as red brown pods, their smell attracts insects, termites, animals and even humans who need them for food and other uses. Its antioxidant activities has been documentated by Kemigisha et al., [5].  The fruit is used to prepare soup for mothers from the first day of birth to prevent post partum contraction (Mbaveng et al., [6]. The aqueous fruit extract has also been shown to possess hypoglycaemic properties (Ojewole and Adewunmi, [7]; Adusei et al., [2]). The root extract has also been established to be used for the treatment of gastrointestinal associated clinical problems (Saliu et al. [3]. Korang et al., [8] reported the anti-fungi capabilities of Tetrapleura tetraptera. The largest visceral organ, liver, regulates different body activities such as metabolism, secretion, storage and detoxification (Delgado-Montemayor et al., [9]. It is constantly exposed to high amounts of xenobiotics like drugs and environmental pollutants which enter the body and are delivered to it via the hepatic portal vein after intestinal absorption. Xenobiotics undergo biotransformation which is by and large a detoxification process. Several oxidative reactions in this process produce reactive metabolites that are more harmful than the parent compound and can induce lesions within the liver. These metabolites bind covalently to cell macromolecules causing increased lipid peroxidation, reduced cellular ATP production and oxidative damage to resultant liver diseases. Naturally, the liver protects itself from harmful reactive metabolites, and ultimately liver diseases through its antioxidant system (Ogunlakin and Sonibare, [10]; Famobuwa et al., [11]; Onda et al., [12]; Enema et al., [13]; and Larbie et al., [14]). On the other hand, it is overwhelmed by the extreme production of reactive metabolites leading to liver diseases. Numerous reports indicate a continuous increase in the prevalence rate of liver diseases (Agyei-Nkansah and Taylor-Robinson [15].  Despite the advances in contemporary medicine, Arhoghro et al., [16] reported that conventional drugs used in treatment of liver disease are inadequate and have serious undesirable effects. These reasons may to a degree be responsible for the high incidence rate of liver diseases. Globally, developing countries have resorted to medicinal plants since they consider these plants to be natural, have less toxicity, easy accessibility and simple assimilation in the body and are cost-effective (Fatima et al., [17]. Though, literature revealed the phytochemical and in vitro antioxidant activities are essential for protective activities of the cell, no information was found regarding in vivo antioxidant activities and hepatocurative potentials of the fruit extract of Tetrapleura tetraptera. The present study thus sought to assess the in vitro antioxidant and hapatocurative potentials of ethanol extract of Tetrapleura tetraptera fruit on albino rats induced carbon tetrachloride.
2.0 Material and Methods
2.1 Plant Material
The plant material are the fruits of Tetrapleura tetraptera.
2.2 Methods
2.2.1 Collection, Preparation and Extraction of plant fruit
The plant material, (Tetrapleura tetraptera) fruit were purchased from Mile One market, Port-Harcourt, Rivers State, Nigeria. The fruit samples were identified and authenticated by Mr. Alfred Ozioko of the Bioresources Development and Conversation Programme (BDCP), University of Nigeria, Nsukka, Enugu State. The specimen (Tetrapleura tetraptera) fruit voucher number is InterCEDD/085. They were thoroughly washed and air-dried for four weeks. The air-dried fruits were weighed using electronic weighing balance and milled with automatic electrical blender to powdered form and with weight of (731.81 g). The milled plant sample was later soaked for 72 hr at room temperature with 90% ethanol. After 72 hr, it was filtered using cheese cloth and then filtered through Whatmann 1 filter paper. The filtrate was concentrated using a water bath at a temperature of 470C.  After filtration, the filtrate was stored in an airtight container in a refrigerator until use.
2.2.2 Experimental Animals
Wistar albino rats weighing 150 – 250 g were obtained from the animal house of the Madonna University, Nigeria. The rats were housed in well-ventilated laboratory cages in the animal house of the Department of Biochemistry, Madonna University, Elele campus, Nigeria. They were acclimatized to the laboratory environment for a period of seven days under standard environmental conditions, with a 12-hour light/dark cycle and allowed access to standard animal feed and drinking water ad libitum.
2.2.3 Toxicity Studies
2.2.3.1  Acute Toxicity Test
The mean lethal dose (LD50) for ethanol extract of Tetrapleura tetraptera fruit were determined following the method described by Lorke, 1983 [18].
2.2.4 Experimental Design
A total of thirty (30) male adult wistar albino rats weighing between 150 g – 250 g were selected and used for the study. They were randomly divided into six (6) groups of five (5) wistar albino rats each. A suspension of the extract was prepared in Tween - 80 and different doses of ethanol extract of Tetrapleura tetraptera fruit (100, 300, 500 mg/kg body weight) were administered to the animals for 14 consecutive days.
2.2.4.1  Carbon Tetrachloride (CCl4) – Induced toxicity
Liver injury was induced in rats with a dose of 1.0 ml/kg body weight of CCl4  (Aromose et al., [19]. Concentrated Carbon tetrachloride (CCl4) was dissolved in olive oil in the ratio of 1:1 (v/v) before the administration to all groups with the exception of normal control group.

Group 1:  Normal control
Group 2: (Carbon tetrachloride, CCl4  (1.0 ml/kg body weight)
Group 3: 100 mg/kg body weight of Tetrapleura tetraptera fruit extract  + (CCl4)
Group 4: 300 mg/kg body weight of Tetrapleura tetraptera fruit extract  +  (CCl4)
Group 5: 500 mg/kg body weight of Tetrapleura tetraptera fruit extract  +  (CCl4)
Group 6: (Standard control): 100 mg/kg body weight of Silymarin + (CCl4) 
The animals were administered ethanol extract of Tetrapleura tetraptera fruit from day 1 to 12, and were injected with a double dose of carbon tetrachloride via intra-peritoneal route on days 13 and 14 before sacrifice.  On Day 14, the animals were sacrificed following an overnight fast and blood samples collected via occular puncture with sterile syringes directly into neatly labelled plain sample tubes. 
2.2.5 Liver Function Test
2.2.5.1 Assay of Alanine Aminotransferase (ALT) Activity
Alanine aminotransferase (ALT) activity was assayed using the method described by Reitman and Frankel [20].
Principle: ALT is measured by monitoring the concentration of pyruvate hydrazone formed with 2, 4-dinitrophenylhydrazine. The colour intensity was measured against the blank at 540 nm.
Method: The blank and sample test tubes were set up in duplicates. Serum (0.1 ml) was pipetted into the sample tubes. To these were added 0.5 ml buffer solution containing phosphate buffer, L-alanine and α-oxoglutarate. The mixtures were thoroughly mixed and incubated for exactly 30 minute at 370C and pH 7.4. A known volume 0.5 ml of reagent containing 2, 4-dinitrophenylhydrazine was later added to both tubes. The tubes were mixed thoroughly and incubated for exactly 20 minute at 250 C. Sodium hydroxide solution (5 ml) was then added to each tube and mixed. The absorbance of sample was read against the blank after 5 minute at 540 nm. The activity of ALT was obtained from already calibrated table.
2.2.5.2 Assay of Aspartate Aminotransferase Activity					
Aspartate aminotransferase (AST) activity was assayed using the method described by Reitman and Frankel [20].
Principle: The determination is based on the absorbance of hydrazones of 2-oxoglutarate and pyruvate in alkaline medium. Aspartate aminotransferase (AST) catalyses the transfer of an amino group from L-aspartate to 2-oxoglutarate to form oxaloacetate and L-glutamate. Oxaloacetate spontaneously decarboxylates to form pyruvate under the strongly acidic conditions. AST is measured by monitoring the concentration of oxaloacetate hydrazone formed with 2, 4-dinitrophenylhydrazine. The colour intensity was measured against the blank at 546 nm.
Method: The blank and sample test tubes were set up in duplicates. A volume, 0.1 ml of serum was pipetted into the sample tubes and 0.5 ml of (reagent 1) was pipetted into both sample and blank tubes. The solutions were thoroughly mixed and incubated for exactly 30 minute at 37 0C and pH 7.4. Reagent 2 containing 2, 4-dinitrophenylhydrazine (0.5 ml) was added into all the test tubes followed by 0.1 ml of sample into the blank tubes. The tubes were mixed thoroughly and incubated for exactly 20 minute at 250C and 5.0 ml of sodium hydroxide solution was then added to each tube and mixed. The absorbance was read against the blank after 5 minute at 546 nm. The activity of AST was obtained from already calibrated table.
2.2.5.3 Assay of Alkaline Phosphatase Activity			
This was determined according to Englehardt [21].
Principle: The principle of this method is based on the reaction of alkaline phosphate and a colourless substrate of phenolphthalein monophosphate, giving rise to phosphoric acid and phenolphthalein which at alkaline pH values, turn pink that can be determined spectrophotometrically.
p-nitrophenylphosphate + H2O	ALP		phosphate + p-nitrophenol
Method: The blank and sample test tubes were set up in duplicates and 0.05 ml of sample was pipetted into the sample test tubes. Distilled water (0.05 ml) was pipetted into the blank tube. A known volume (3 ml) of substrate was pipetted into each tube respectively, which was then mixed and the initial absorbance taken at 405 nm. The stop watch was started and the absorbance of the sample and the blank read again three more times at one minute intervals.
Calculation: alkaline phosphatase activity was calculated as follows:

2.2.5.4 Determination of Total Bilirubin Concentration		
The concentration of total bilirubin was determined using the method of Jendrassik and Grof [22] as outlined in Randox Kit.
2.2.5.5 Determination of Total Serum Protein Concentration
Total protein content in blood plasma was determined using Peterson’s modifications of the Micro-Lowry method using a protein assay kit (Sigma Diagnostics, P 5656, Sigma, MO, USA).  
Principle: The protein concentrations were determined using Biuret method.

2.2.5.6 Determination of Malondialdehyde Concentration 	
Lipid peroxidation was determined spectrophotometrically by measuring the level of the lipid peroxidation product, malondialdehyde (MDA) as described by Wallin et al. [23]. 
Principle 
Malondialdehyde (MDA) reacts with thiobarbituric acid (TBA) to form a red or pink coloured complex which in acid solution absorbs maximally at 532 nm.
Procedure 
To a test tube was added 0.1 ml of serum, 0.9 ml of distilled water, 0.5 ml of 25 % TCA and 0.5 ml of 1 % TBA in 0.3 % NaOH. The mixture was shaken thoroughly, incubated at 95 ºC for 40 minutes and cooled in a cold water bath. After the cooling, 0.1 ml of 20% SDS (sodium dodecyl sulphate) was added and the absorbance of the mixture determined at wavelengths of 532 nm and 600 nm against a corresponding blank. The level of lipid peroxidation (MDA concentration) was determined in terms of thiobarbituric acid reactive substances (TBARS) as follows:
 (
[Slope from standard curve = y = 0.5208x (mg/ml)]
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2.2.6 Determination of Enzymatic and Non-Enzymatic Antioxidants
2.2.6.1 Assay of Superoxide Dismutase (SOD) Activity 					
Superoxide Dismutase (SOD) activity was assayed using method described by Xin et al., [24].
2.2.6.2 Assay of Catalase Activity 					
This was assayed according to the method described by Aebi [25]. 
2.2.6.3 Assay of Glutathione (GSH) Activity				
This was determined according to method described by King and Wootton [26].
2.2.7 Histological Examination of liver
2.2.7.1 Tissue Preparation
Sections of the liver were collected for histological examination. The samples were fixed in 10% phosphate buffered formalin for a minimum of 48 hr. The tissues were subsequently trimmed, dehydrated in 4 grades of alcohol (70%, 80%, 90% and absolute alcohol), cleared in 3 grades of xylene and embedded in molten wax. On solidifying, the blocks were sectioned, 5 µm thick with a rotary microtome, floated in water bath and incubated at 60˚C for 30 minute. The 5 µm thick sectioned tissues were subsequently cleared in 3 grades of xylene and rehydrated in 3 grades of alcohol (90%, 80% and 70%). The sections were then stained with Hematoxylin for 15 minute. Blueing was done with ammonium chloride. Differentiation was done with 1% acid alcohol before counterstaining with Eosin. Permanent mounts were made on degreased glass slides using a mountant; DPX. 
2.2.7.2 Slide Examination
The prepared slides were examined with a Motic™ compound light microscope using x4, x10 and x40 objective lenses. The photomicrographs were randomly taken using a Motic™ 5.0 megapixels microscope camera at x160; x200 and x400 magnifications.
2.2.8 Preparation of Silymarin, the Standard Drug
A dose, 100 mg/kg body weight of silymarin was dissolved in 100 ml of distilled water. This was given orally to the animals base on their individual weight using intubation cannular.
2.2.9 Serum and Tissue Preparation
After 24 hr CCl4 administration, all animals were euthanized by diethyl ether and blood samples were collected promptly from occular puncture. The collected blood samples were centrifuged at 2500 rpm at room temperature for 20 minute and serum was separated. The serum was carefully pipetted into another set of sterile plain tubes and stored in the refrigerator for further biochemical analyses. 
2.2.10 Statistical Analysis
The biochemical data obtained from the study were analysed using IBM statistical product and service solutions (SPSS) version 26, and the results were expressed as Mean ± Standard Deviation. Statistical difference between means were obtained using one-way analysis of variance (ANOVA), followed by Post Hoc Multiple Comparison Test (PHMCT). (P ˂ 0.05) was considered statistically significant.

3.0. Results
3.1: Acute Toxicity of ethanol extract of Tetrapleura tetraptera fruit 	
The acute toxicity studies of ethanol extract of Tetrapleura tetraptera fruit are shown in Table 1 below. Acute toxicity test showed no death or adverse reaction up to 5000 mg/kg body weight. There were no signs of toxicity such as reduction of locomotion, stool appearance, drowsiness, salivation, reaction to noise were not observed in animals receiving extracts in each phase. 
Table 1: Phase I and II of the acute toxicity test                           	
Phase/Groups	Dosage of extract (mg/kg b.w)	Mortality rate
Phase 1                                     
Group 1			10                                                  	0/3
Group 2			100					0/3
Group 3			1000					0/3
Phase II
Group 1			1600					0/3
Group 2			2900					0/3
Group 3			5000					0/3
n = 3

3.2 Effect of Ethanol extract of Tetrapleura tetraptera fruit on Alanine Aminotransferase (ALT) of CCl4-Intoxicated rats 
Figure 1 shows significant (P<0.05) increase  in serum ALT levels in the CCl4 untreated group as compared to that of the normal control group. The ALT values were significantly (P<0.05) decreased with the treatment of  ethanol extract of Tetrapleura tetraptera fruit at all dose levels (100, 300, 500 mg/kg) as compared to that of the CCl4 untreated group. The standard drug (silymarin, 100 mg/kg) significantly (P<0.05) decreased the serum ALT values when compared to the CCl4 untreated group. Hence, the reduction in ALT by the extract was dose dependent.  




Figure 1: Effect of Ethanol extract of Tetrapleura tetraptera fruit on Alanine Aminotransferase (ALT) of CCl4-Intoxicated rats
3.3: Effect of Ethanol extract of Tetrapleura tetraptera fruit on Aspartate Aminotransferase (AST) of CCl4-Intoxicated rats
Figure 2 reveals that CCl4 untreated rats (Group 2) was significantly (P<0.05) higher in serum AST activity as compared to that of the normal control group. Treatment with the dose of (100, 300, 500 mg/kg) of ethanol extract of Tetrapleura tetraptera fruit including the standard drug (silymarin, 100 mg/kg) significantly (P<0.05) decreased the serum AST activity when compared to that of the CCl4 untreated group (group 2). 

Figure 2: Effect of Ethanol extract of Tetrapleura tetraptera fruit on Aspartate Aminotransferase (AST) of CCl4-Intoxicated rats
3.4  Effect of Ethanol extract of Tetrapleura tetraptera fruit  on Alkaline phosphatase (ALP) of CCl4-Intoxicated Rats 
Figure 3 shows that serum ALP activity of CCl4 – intoxicated rats (Group 2) was significantly (P<0.05) higher than that of the normal control group.  Treatment with the standard drug (silymarin, 100 mg/kg) and ethanol extract of Tetrapleura tetraptera fruit at doses of 100, 300 and 500 mg/kg significantly (P<0.05) decreased the serum ALP activity as compared to that of the untreated group. 


Figure 3: Effect of Ethanol extract of Tetrapleura tetraptera fruit on Alkaline Phosphatase (ALP) of CCl4-Intoxicated Rats

3.5:  Effect of ethanol extract of Tetrapleura tetraptera fruit on Total Bilirubin (TB) of CCl4-Intoxicated Rats 
Table 2 shows that total bilirubin (TB) concentrations significantly (P<0.05) increased at the administration of CCl4 in the CCl4 untreated group when compared to that of the normal control group. Oral treatment of the rats with the dose of 100, 300, and 500 mg/kg ethanol extract of Tetrapleura tetraptera fruit and the administration of the standard drug (silymarin, 100 mg/kg) caused a significant (P<0.05) decreased in the levels of serum TB as compared to the CCl4 –untreated group.
	Treatment  Group(s)
	Total Bilirubin (mg/dl)

	Group 1
	0.52 ± 0.43b

	Group 2
	0.65 ± 0.02c

	Group 3
	0.44 ± 0.04a

	Group 4
	0.53 ± 0.04b

	Group 5
	0.62 ± 0.04c

	Group 6
	0.45 ± 0.03a


(Results are expressed as Means ± SD; n=5);
Mean values with different superscripts (a,b,c) down the column are significantly different from each other at P<0.05.
3.6 Effect of ethanol extract of Tetrapleura tetraptera fruit on Total Proteins (TP) of CCl4-Intoxicated Rats
Figure 4 shows that the total protein of CCl4 untreated group was significantly (p<0.05) decreased compared to that of the normal control group. Treatment of the animals with the doses of 100, 300, 500 mg/kg of ethanol extract of Tetrapleura tetraptera fruit and intraperitoneal injection of standard drug (silymarin, 100 mg/kg) significantly (p<0.05) increased total protein of the animals as compared to that of the CCl4 untreated group. 


Figure 4: Effect of ethanol extract of Tetrapleura tetraptera fruit on Total Proteins (TP) of CCl4-Intoxicated Rats
3.7. Effect of ethanol extract of Tetrapleura tetraptera fruit on Malondialdehyde (MDA) concentrations of CCl4-intoxicated Rats
Table 3 shows that the concentrations of serum MDA significantly (P<0.05) increased in the CCl4 untreated group as compared to that of normal control group. The elevated level of serum MDA was significantly (P<0.05) decreased by the treatment of rats with 100, 300 and 500 mg/kg of ethanol extract of Tetrapleura tetraptera fruit as compared to the CCl4 administered group.  In this study, the standard drug (silymarin, 100 mg/kg) produced a significant (P<0.05) reduction in MDA concentrations when compared to untreated group. This is comparable to the normal control group.
Table 3: Effect of ethanol extract of Tetrapleura tetraptera fruit on Malondialdehyde (MDA) concentrations of CCl4-intoxicated Rats 
	Treatment Group
	Malondialdehyde(MDA) (mg/dl)


	Group 1
	3.17 ± 0.14

	Group 2
	4.48 ± 0.24

	Group 3
	3.19 ± 0.12

	Group 4
	3.45 ± 0.21

	Group 5
	3.44 ± 0.22

	Group 6
	3.34 ± 0.17


(Results are expressed as Means ± SD; n = 5); Mean values down the column are significantly different from each other at P<0.05.
3.8 Determination of Enzymatic and Non-Enzymatic Antioxidant Activities
3.8.1 Effect of ethanol extract of Tetrapleura tetraptera fruit on Superoxide Dismutase (SOD) of CCl4-Intoxicated Rats 
Figure 5 shows that the serum SOD activity of CCl4 untreated group (group 2) was significantly (P<0.05) decreased compared to that of the normal group. The activities of serum SOD were significantly (P<0.05) increased at the treatment with ethanol extract of Tetrapleura tetraptera fruit at (100, 300, 500 mg/kg) doses. Also, the standard drug (silymarin, 100 mg/kg) significantly (P<0.05) improved the serum SOD activity when compared to that of the CCl4 untreated group (group 2). 

Figure 5: Effect of ethanol extract of Tetrapleura tetraptera fruit on Superoxide Dismutase (SOD) of CCl4-Intoxicated Rats
3.8.2: Effect of ethanol extract of Tetrapleura tetraptera fruit on Catalase (CAT) Activity of CCl4-Intoxicated Rats 
Figure 6 shows that there was significant (P<0.05) decline of serum CAT activity of CCl4 untreated group compared to that of the normal control group. The decreased activities of CAT activity were significantly (P<0.05) augmented by treatment with ethanol extract of Tetrapleura tetraptera fruit at 100, 300 and 500 mg/kg including the standard drug (silymarin)  at 100 mg/kg  compared to that of the CCl4 untreated group. 

Figure 6:  Effect of ethanol extract of Tetrapleura tetraptera fruit on Catalase (CAT) of CCl4-Intoxicated Rats
3.8.3: Effect of ethanol extract of Tetrapleura tetraptera fruit on Glutathione (GSH) of CCl4-Intoxicated Rats
Figure 7 shows that serum GSH activity of CCl4 untreated group was significantly (P<0.05)  decreased compared to that of normal control group. However, the activities of serum GSH were significantly (P<0.05) increased by treatment with standard drug (silymarin, 100 mg/kg) and ethanol extract of Tetrapleura tetraptera fruit at (100, 300, 500 mg/kg) when compared to that of the CCl4 untreated group.  

Figure 7: Effect of ethanol extract of Tetrapleura tetraptera fruit on Glutathione (GSH) of CCl4-Intoxicated Rats











3.8.4  Histological Examination
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PLATE A - E. Tranverse section of the liver stained with haematoxylin and eosin 
X400 magnification. 
Figure 8: Photomicrographs showing the effect of ethanol extract of Tetrapleura tetraptera fruit  and silymarin on liver histology of CCl4 intoxicated rats; Stains: Haematoxylin and eosin; Magnification: X 400. 
Plate A shows the liver section of normal control rats with normal portal triad and normal hepatic histomorphology. Plate B shows liver section of rats intoxicated with carbon tetrachloride with visible distortion in the liver architecture and vacuolar degeneration of the hepatocytes. Plate C shows the liver section of rats treated with 100 mg/kg ethanol extract of Tetrapleura tetraptera fruit and CCl4 (1.0 ml/kg) with normal portal triad, marked hepatocellular degeneration and necrosis of the hepatocytes in the centrilobular and mid-zonal areas of the hepatic lobules (Position of the black arrow). Plate D reveals the liver section of rats treated with 300 mg/kg ethanol extract of Tetrapleura tetraptera fruit and carbon tetrachloride (1.0 ml/kg) showing fibrin deposition and numerous mitotic bodies. Plate E showing liver section of rats treated with 500 mg/kg ethanol extract of Tetrapleura tetraptera fruit and carbon tetrachloride (1.0 ml/kg) with moderate hepatic damage and inflammatory cells within the portal tract. Plate F shows the liver section of rats treated with silymarin (100 mg/kg) and carbon tetrachloride (1.0 ml/kg) with normal portal triad, a marked hepatocellular degeneration and necrosis of the hepatocytes in the centrilobular and mid-zonal areas of the hepatic lobules.

4.0 Discussion
The toxicity profile of the extract is established through acute toxicity studies. The purpose of acute toxicity is to determine the nature and degree of the unfavourable reactions to the doses of the extract. In this study, the dose of 10 to 5000 mg/kg b.wt of ethanol extract of Tetrapleura tetraptera, based on OCED guidelines [27], proved safe based on the absence of mortality, or signs of toxicity after 48 hour. This, according to Lorke, is indicative of low toxicity. This suggests that the extract of Tetrapleura tetraptera have a very high margin of safety and hence tolerable.
Alanine aminotransferase (ALT) is the most widely used clinical biomarker of hepatic health. As the name implies, ALT is involved in the transamination of alanine. Serum ALT levels in the CCl4 untreated group was significantly (p<0.05) higher as compared to the normal control group. The elevated activities of these enzymes are indicative of cellular leakage and loss of the functional integrity of the cell membranes in liver which is always associated with necrosis of the liver cells. The ALT values were significantly (p<0.05) decreased with the treatment of ethanol extract and (silymarin, 100 mg/kg).  The results of this study corroborated with the reports of larbie et al., [28] whose study shows significant increase in drug –induced toxicities in rats but significant (p<0.05) decrease in the stem bark extracts of Tetapleura tetraptera.
Aspartate aminotransferase (AST) is a pyridoxal phosphate (PLP) – dependent transaminase enzyme (Dhruv et al., [29]. AST is found in the liver, heart, brain, skeletal muscle, red blood cells and gall bladder making this enzyme less specific for the liver. AST catalyzes the interconversion of aspartate and α-ketoglutarate to oxaloacetate and glutamate (Dhruv et al., [29]. CCl4 untreated rats (Group 2) was significantly (p<0.05) elevated in serum AST activity as compared to the normal control group. Treatment with the dose of (100, 300, 500 mg/kg) of the extract and the standard drug (silymarin, 100 mg/kg) significantly (P<0.05) decreased the serum AST activity when compared to that of the CCl4 untreated group (group 2). The inflammation of the liver coupled with its damage caused an increase in AST in blood circulation. Thus, significantly high levels of AST are due to inflammation by Carbon tetrachloride compound. This was confirmed by Larbie et al., [28] whose studies shows that AST was significantly (p<0.05) increased on administration of 500 mg/kg bwt paracetamol and carbon tetrachloride but with significant (p<0.05) decrease on administration of aqueous and hydroethanolic stem bark extracts of Tetrapleura tetraptera.
Alkaline phosphatases (ALP) are a group of isoenzymes located on the outer layer of the cell membrane; that catalyze the hydrolysis of organic phosphate esters present in the extracellular space (Dhruv et al., [29].  In the liver, alkaline phosphatase is cytosolic and present in the canalicular membrane of the hepatocyte. The elevated levels of serum ALP of Group 2 animals (CCl4 intoxicated rats) were significantly (p<0.05) reduced by the administration of varied doses of the extracts and standard drugs. This is an indication that the extract and standard drugs possessed hepatoprotective potencies. Aba et al., [30] is in consensus with this study who documented significant (p<0.05) decrease in ALP activities of extract treated groups when compared to the negative control group.  
There was a significant (p<0.05) boost in the total protein in animals receiving varied doses of Tetrapleura tetraptera extract. This increase may be indicative of reduced catabolism in the liver. However, increased levels of biliubin could be due to decreased hepatic clearance and ultimately cholestasis. This goes on to show that carbon tetrachloride caused cholestasis and demonstrate the extent of liver damage associated with CCl4 treatment. Significant (p<0.05) decline recorded in the serum levels of Total Bilirubin (TB) could be due to reduced hepatocellular function and reduced synthesis of bilirubin in the reticuloendothelial cells of the liver (Bolarin and Bolarin, [31]. This is similar with the studies documentated by Larbie et al., [28] whose research work shows that Total bilirubin (TB) were significantly (p<0.05)  increased on administration of 500 mg/kg bwt paracetamol (for seven days) and carbon tetrachloride but with significant (p<0.05) decrease on administration of aqueous and hydroethanolic stem bark extracts of Tetrapleura tetraptera. 
Lipid peroxidation is considered to be a principal mechanism of cell membrane destruction by free radicals because MDA conjugates with amino group of proteins to form intra- and inter-molecular cross-links that inactivate the membrane-bound enzymes and receptors. Onda et al., [12] findings are in support of this study who reported significant (P<0.05) decrease of Malondialdehyde (MDA) at the administration of Tetrapleura tetraptera Taub fruit extract in Carrageenan/Kaolin –induced acute monoarthritis in rats.  Atawodi et al., [32] obtained similar results who documented that the administration of methanolic extract of Tetrapleura tetraptera leaves significantly (P<0.05) reduced the level of MDA in diabetic rats. This strongly suggests the ability of the plant and its constituents to prevent oxidative damage, probably by interfering with the free radical-induced processes, leading to intra- and inter-molecular cross-linkages. Nwozo and Orojobi [33] findings is in agreement with this study who demonstrated that the administration of Tetrapleura tetraptera fruits and seeds significantly (P<0.05) decrease lipid peroxidation than Questran in cholesterol fed rats.

Antioxidants are compounds that inhibit oxidation which are responsible for harmful free radicals (Erukainure et al., [34]. Free radicals are the cause of degenerative diseases such as diabetes and cancer (Moukette et al., [35]. The catalase activities of the rats treated with the extract at different doses were significantly (P<0.05) higher than that of the negative control. The increase in CAT activity by the animals treated with different doses of extract is an indication of the ability of the extract to increase antioxidant activity of the system. Sundaram et al., [36] noted that catalase protects organ damage by decomposing hydrogen peroxide to water and oxygen.
Superoxide Dismutase (SOD) catalyzes the dismutation of a free radical, superoxide anion. When SOD is deficient, the superoxide reacts with nitric oxide to produce peroxynitrite which is a strong oxidant and a nitrosating agent capable of causing damages to DNA, lipids and proteins (Pacher et al., [37]. In this present study, the SOD activity was highest in the group administered the extract at low dose of 100 mg/kg b.wt with CCl4 intoxication compared to every other group. This probably implies that the extract on its own, is capable of boosting SOD activity.   The results of this study are in line with the results of Aba et al., [30] whose study on the in vivo antioxidant profile of acetaminophen –injured female rats pretreated with ethyl acetate pod extract of Tetrapleura tetraptera show significant elevation of SOD activity.
Glutathione (GSH) is the principal antioxidant saddled with the responsibility of guarding the cells from oxidative damages by scavenging reactive oxygen species and nitrogen radicals (Yuan et al., [38]. In this study, the groups treated with doses of the extract showed significantly (P<0.05) elevated levels of GSH when compared with the group that was not treated (Group 2). This reveals that the extract increased Glutathione production and prevented CCl4 metabolite from depleting GSH.   This study is in contrast with the works of Larbie et al., [28] whose studies shows that glutathione activity in treated group was significantly (P<0.05) elevated at a higher dose of 250 mg/kg b.wt of stem bark hydroethanolic extract administration while the lower dose of 100 mg/kg was significantly (P<0.05) reduced on the administration of the stem bark hydroethanolic extract administration when compared to CCl4 intoxicated group.
Results of histopathological studies do not reveal any gross damage to tissues of the liver in experimental animals receiving varied doses of the extract. Photomicrographic representations of group B (CCl4 – intoxicated rats) showed hepatocellular necrosis with vacuolar degeneration of the hepatocytes. This finding is in agreement with the studies of Pisoschi et al., [39] who also reported hepatocellular necrosis following CCl4 intoxication. The liver histomorphology of rats in group A (normal control) is similar to that of the groups (C, D) that received the extract including those that received silymarin as treatment. They show normal hepatic cells with well-defined cytoplasm, prominent nucleus and central vein which are features consistent with normal hepatocytes (Jane et al., [40]. Mild hepatocytes degenerations were seen in the rats treated with higher doses of the extract (group E) while the group treated with the lowest dose of the extract (Group C) showed normal histomorphological architecture. The finding indicates that the extract at the lowest dose (100 mg/kg) offered significant hepatoprotective & hepatocurative tendencies against CCl4 hepatic injury.
5.0 Conclusion
This report portrays the antioxidant and hepatic protection effects of the ethanolic extract of Tetrapleura tetraptera fruit against oxidative hepatic damage. This could be attributed to the identified bioactive compounds which was discovered from the fruits by (Nwafor et al., 2024).  
Ethical approval: The Department of Biochemistry, Madonna University, Nigeria, Elele, Rivers State approved the use of animals for this research study. All the experiments has been examined and approved by the appropriate ethics committee.
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