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Abstract: Dacryodes edulis (African pear) seed has a long history of use in ethnomedicine. However, 

there is a paucity of information on its ameliorative potential on hepatic damage. In the present study, 

the potentials of D. edulis ethanolic seed extract (DET) in attenuating carbon tetrachloride (CCl4)-

induced hepatotoxicity in male Wistar rats was assessed. Ninety male Wistar rats were divided into 3 

groups (n = 10) designated: control, CCl4, and DET, respectively. Animals in the control group were 

administered 2 mL/kg body weight corn oil, while those assigned to CCl4 and DET groups were 

administered i.p. 30% CCl4 in corn oil (1:1 v/v) at 2 mL/kg. Treatment was administered once every 24 

h consecutively for 72 h. Thereafter, control and CCl4 groups were treated once daily with 1 mL distilled 

water by gavage, while DET rats were treated once daily with 1500 mg/kg DET by gavage. At every 7 

days interval and for 28 consecutive days, animals were starved overnight, weighed, and six rats from 

each group were sacrificed under anesthesia to collect blood and liver samples. After 28 days, 

remarkable improvements in feed intake, body weight, serum levels of hepatic function indicators, and 

hepatic histology were observed in DET rats compared to CCl4 rats. These results suggest a possible 

ameliorative potential of D. edulis ethanolic seed extract against CCl4-induced hepatic injury. 

Keywords: Dacryodes edulis; carbon tetrachloride; hepatotoxicity; ethanolic seed extract; hepatic 

parameters. 
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1. Introduction 

Oxidative stress elicits a cell response, which in turn is a function of the severity as well 

as the type of insult by altering cellular homeostasis. By implication, there subsists a 

constraining stress threshold below which cells elicit protective mechanisms designed to 

ascertain survival. However, stress above this safety or protective threshold leads to the 

activation of alternative signaling pathways culminating in apoptosis, necrosis, pyroptosis, or 

autophagic cell death [1,2]. It is thus implied that cell survival is premised on a balance between 

oxidant and antioxidant species. The attainment and maintenance of this equilibrium are 

mediated by cellular molecules and enzymes responsible for the metabolism or neutralization 

of reactive oxygen species.  

Free radicals are highly reactive small molecular species characterized by an unpaired 

electron in their outermost orbital. Reactive oxygen species are generated by several 
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environmental agents ranging from chemical contaminants, cigarette smoke, ultra-violent light 

[3]. Nonetheless, these cellular stressors are also products of normal essential cellular reactions 

ranging from incomplete catabolism, hepatic detoxification, or mitochondrial energy 

production. An overwhelming generation of these oxidative agents against cellular innate 

defense mechanisms often leads to pronounced damage to cellular macromolecules such as 

membrane lipids, proteins or enzymes, carbohydrates, and DNA [4,5]. Thus, oxidative stress 

and its attendant complications have been implicated in the underlying pathology of several 

ailments, including neurodegenerative and cardiovascular diseases, cancer, diabetes, and 

autoimmune disorders in humans [6,7]. 

Due to the reported side effects coupled with the associated cost on the use of orthodox 

medicine in ameliorating compromised liver function, there is a renewed effort in the discovery 

of a more effective, safe, and affordable drugs. More recently, research attention has 

increasingly focused on the evaluation of acclaimed traditional African herbal plant extracts 

and the elucidation of the scientific basis underlying their medicinal activity [8,9]. The verse 

majority of the population in sub-Saharan Africa relies on plants as a remedy against sicknesses 

and diseases. The potency of some of these plant extracts against diseases such as fever, 

malaria, diabetes mellitus, cardiovascular diseases, liver failure, etc. has been demonstrated 

using both in vitro and in vivo assays. 

Dacryodes edulis, also known as African pear, is an evergreen perennial tree that 

belongs to the Buseraseae family. It is believed to originate from central Africa and the Gulf 

of Guinea from where it spreads to West Africa. It has enjoyed a broad spectrum of usage in 

African ethnomedicine. The various parts of the plant have been utilized in the treatment of 

varying diseases. The bark is employed in wound healing [10], as well as in managing diseases 

such as leprosy, dysentery, anemia, hemoptysis, debility, and skin diseases. Extract from the 

leaves is used in the treatment of skin diseases, including scabies, ringworm, rash, and wound. 

In addition, the leaf extract is used in the treatment of ear infection, malaria, and as an 

antipyretic agent. In combination with kolanut extract, juice extracted from the stem is 

deployed as an antiemetic [11,12]. 

Carbon tetrachloride, CCl4, is a well-known hepatotoxin with a presence in water, air, 

and soil. Asides its presence in the environment, there has been reported occupational exposure 

to CCl4 in the chemical industry, laboratories to mention but a few. Severe pathological 

changes in hepatocytes due to CCl4 have been reported even at doses as low as 5 ppm 

(32 mg/m3) [13,14]. Over the years, CCl4 has been widely used in the preclinical model of 

xenobiotic-induced hepatotoxicity. The reported hepatotoxic effect of CCl4 is thought to be 

mediated through its ability to initiate the generation of free radicals through its conversion by 

cytochrome P450 enzymes into the highly reactive trichloromethyl radical, thus potentiating 

hepatocyte membrane lipid peroxidation leading to liver injury [15,16]. The present study was 

intended to validate the effects of oral administration of ethanolic extract of Dacryodes edulis 

seeds on carbon tetrachloride-induced hepatotoxicity in male Wistar rats. 

2. Materials and Methods 

2.1. Chemicals and reagents.                                                                                                                                     

Chemicals and reagents used were of analytical grades and were products of Merck 

Life Science UK Ltd. (Gillingham, United Kingdom) unless otherwise specified. 
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2.2. Plant material. 

Matured seeds of Dacryodes edulis were collected from the vegetation area around 

Awka, Anambra State, Nigeria, within the months of May and June. The plant sample was 

identified and authenticated at the Department of Botany, Ambrose Alli University, Ekpoma, 

Nigeria, where the specimen was deposited. 

2.3. Animals and treatments.  

Male Wistar rats weighing 180 – 200 g were obtained from the College of Medicine, 

Ambrose Alli University, Ekpoma (Nigeria) animal house. The animals were kept in standard 

rat cages under a controlled environment with a 12 h light/dark cycle and fed ad libitum with 

unrestricted access to water. Prior authorization for animal handling was sought from Ambrose 

Alli University, Ekpoma, Nigeria Research, and Ethics Committee (approval number 

AAU/EA/1134/2019). The care and handling of animals complied strictly with the National 

Institutes of Health Manual on care and use of laboratory animals [17]. 

2.4. Extract preparation.                                                                                                                            

The plant sample was washed with copious water and cut into small pieces and allowed 

to dry at ambient temperature for 2 weeks. The dried seed sample was milled into a fine powder 

using a mechanical mill and then kept in a dried air-tight container before being stored at 4 ºC 

until required for further analysis. Ten grams (10 g) of the powdered sample was extracted with 

100 mL ethanol for 24 hours using Soxhlet apparatus at 78 ± 2 oC. The extract was freeze-dried 

in a vacuum freeze dryer (Lyotrap, LTE Scientific Ltd., Greenfield, Oldham, UK) at −70°C. 

The concentrated ethanolic extract was kept in a sealed amber bottle at 4 oC until required for 

further analysis. 

2.5. Median lethal dose determination.  

Prior experiments to access the acute toxicity of the extract was carried out by the 

method described by Lorke [18] with minor modifications. The experiment was carried out in 

two phases. In the first (A) phase, 9 rats were subdivided into 3 groups (n = 3), namely AI, AII, 

and AIII, and were administered 10, 100, and 1000 mg/kg, respectively, D. edulis ethanolic 

seed extract by gavage. Thereafter, animals in each group were observed for 24 hours for any 

death. The second phase (B) was carried out based on the outcome of the first phase. This 

consisted of another three groups designated: BI, BII, and BIII of one rat each and was 

administered the extract at 1500, 3000, and 5000 mg/kg body weight, respectively, and 

observed for signs of abnormal behavior or death. The mean value of the highest dose that did 

not pose any lethality to the rat and the lowest safe dose was computed to give the mean lethal 

dose (LD50).  

2.6. Carbon-tetrachloride-induced hepatotoxicity. 

Sixty (60) male Wistar rats were randomly divided into 3 groups (n = 30) designated:  

Control (negative): administered intraperitoneal (i.p.) injection of 0.2 mL/100 g body weight 

corn oil once every 24 h consecutively for 72 h; CCl4 (served as positive control): administered 

i.p. 30% CCl4 in corn oil (1:1 v/v) at 0.2 mL/100 g body weight once every 24 h consecutively 

for 72 h;  DET: administered i.p. 30% CCl4 in corn oil (1:1 v/v) at 0.2 mL/100 g body weight 

https://doi.org/10.33263/BRIAC112.94909500
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC112.94909500  

 https://biointerfaceresearch.com/ 9493 

once every 24 h consecutively for 72 h. Following CCl4 intoxication, animals in each group 

were fasted overnight, weighed, and placed on their respective treatment as follows: Control: 

1 mL distilled water administered orally by gavage; CCl4: 1 mL distilled water administered 

orally by gavage; DET: 1500 mg/kg body weight DET administered orally by gavage.  

Treatment was given once daily. At weekly intervals (days 0, 7, 14, 21, and 28), animals 

were starved overnight, weighed and six rats from each group were sacrificed under anesthesia, 

blood and liver samples were quickly collected. The liver was blotted, freed of extraneous 

tissues, and weighed.  

2.7. Biochemical analysis. 

The serum was prepared from the whole blood sample centrifuged for 10 min at 3000 

rpm. Serum was collected into clean, dry plain tubes and used for biochemical analyses. 

Alkaline phosphatase (ALP) was estimated by the p-nitrophenol method of Bomers and 

McComb [19] while Aspartate aminotransaminase (AST) and Alanine aminotransaminase 

(ALT) were estimated by the method of Reitmans and Frankel [20]. Total bilirubin and 

conjugated bilirubin were estimated enzymatic method based on the procedures described by 

Perry et al. [21] and Kurosaka et al. [22], respectively. Total serum protein was estimated by 

the Biuret method as described by Ohnishi and Barr [23] while albumin was estimated by the 

bromocresol purple method of Ueno et al. [24].  

2.8. Histological evaluation. 

A small portion of the liver sample was cut and fixed in 10% neutral buffered formalin. 

Thin sections of 5μm were taken using a rotary microtone, stained with hematoxylin and eosin 

for light microscopy. The slides were viewed at an appropriate objective to check for the 

architecture of the tissues. The pictures were displayed in photomicrographs, and the histology 

was analyzed.                                   

2.9. Statistical analysis. 

Results were expressed as mean ± SEM. Statistical analysis and graphical 

representation were carried out using GraphPad Prism software (Version 8.0). A mean 

comparison was by one-way analysis of variance (ANOVA) followed by the Least Significant 

Difference (LSD) test. P values less than 0.05 were considered significant.  

3. Results and Discussion 

3.1. Acute toxicity. 

Dacryodes edulis ethanol seed extract at doses ranging from 10 mg/kg to 5000 mg/kg 

body weight in rats was considered safe considering the fact that no mortality or variation in 

physical appearance or behavior occurred following a 24 h administration (Table 1). 

Table 1. Oral acute toxicity of ethanol seed extract of Dacryodes edulis. 
Treatment n Dose (mg/kg body weight) Mortality Other symptoms 

Phase A 

AI 

AII 

AIII 

    

3 10 Nil Nil 

3 100 Nil Nil 

3 1000 Nil Nil 

Phase B 

BI 

    

1 1500 Nil Nil 
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Treatment n Dose (mg/kg body weight) Mortality Other symptoms 

BII 

BIII 

1 3000 Nil Nil 

1 5000 Nil Nil 

3.2. Effects on feed intake and body weight. 

Feed intake was significantly (p < 0.05) reduced in the CCl4-induced but untreated rats 

compared to control (Figure 1a) all through the 28-day study period. Remarkable improvement 

in feed intake was observed in CCl4-induced rats treated with 1500 mg/kg ethanolic seed 

extract of D. edulis compared to CCl4-induced but untreated rats (Figure 1b).  

 
Figure 1. Feed intake (a) and body weight of rats intoxicated with CCl4 and treated with ethanol seed extract of 

Dacryodes edulis. Values are mean ± SEM of six replicated; CCl4, carbon tetrachloride-intoxicated untreated 

rats, DET, carbon tetrachloride-intoxicated rats treated with ethanolic seed extract of D. edulis. 

3.3. Effects on serum enzymes. 

Significant (p < 0.05) increase in serum AST, ALT, and ALP activities were observed 

following a 72 h CCl4-intoxication in rats.  

However, serum AST activity was significantly (p < 0.05) reduced due to treatment 

with 1500 mg/kg ethanolic seed extract of D. edulis (DET) from day 7, and even to the control 

level starting from day 14 up to day 28 (Figure 2a) compared to CCl4 group.  

 
Figure 2. Serum (a) AST, (b) ALT, and (c) ALP activities in CCl4-intoxicated rats treated with ethanol seed 

extract of Dacryodes edulis. Values are mean ± SEM of six replicated; Bars carrying different alphabets are 

significant at p < 0.05; CCl4, carbon tetrachloride-intoxicated untreated rats, DET, carbon tetrachloride-

intoxicated rats treated with ethanolic seed extract of D. edulis. 
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Serum ALT activity was significantly (p < 0.05) restored to control value in CCl4 rats 

administered 1500 mg/kg ethanolic seed extract of D. edulis (DET) from day 14 to the last day 

of treatment, i.e., day 28 (Figure 2b) compared to CCl4 group. As observed with AST activity, 

ALP activity was restored to normal level due to treatment with 1500 mg/kg ethanolic seed 

extract of D. edulis (DET) from day 7 of treatment (Figure 2c).  

Carbon tetrachloride exposure resulted in a significant (p < 0.05) increase in serum total 

and conjugated bilirubin concentration compared to control (Figure 3a and b, respectively). 

Significant reduction in (p < 0.05) bilirubin concentration (total and conjugated) became 

noticeable starting from day 7 of treatment with 1500 mg/kg ethanolic seed extract of D. edulis 

compared to CCl4-induced but untreated rats. 

Conversely, significant (p < 0.05) reduction in serum albumin and total protein 

concentrations (Figures 2c and 2d, respectively) were observed following a 72 h CCl4 

intoxication in CCl4-administered rats compared to control. However, following the 

administration of 1500 mg/kg ethanolic seed extract of D. edulis for 7 days and upwards (to 

day 28), a remarkable increase in serum albumin and total protein concentrations were 

observed in the CCl4-induced rats compared to CCl4-induced but untreated rats (Figure 3c and 

d, respectively). 

 
Figure 3. Serum (a) total bilirubin, (b) conjugated bilirubin, (c) albumin, and (d) total protein concentrations in 

CCl4-intoxicated rats treated with ethanol seed extract of Dacryodes edulis. Values are mean ± SEM of six 

replicated; Bars carrying different alphabets are significant at p < 0.05; CCl4, carbon tetrachloride-intoxicated 

untreated rats, DET, carbon tetrachloride-intoxicated rats treated with ethanolic seed extract of D. edulis. 

3.4. Effect on hepatocyte architecture. 

The liver section of the control rat showed normal cytoarchitectural features with 

distinct and intact hepatocytes (Figure 4A). Histological examination of animals induced with 

CCl4 presented necrotic hepatocyte nuclei (encircled), suggesting a persistent degenerative 

trend (Figure 4B). The liver section of DET rat showed semi-vacuolated hepatocyte nuclei but 

with more relatively intact cells, suggesting a reduced degenerative trend (Figure 4C). 
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Figure 4. Effect of CCl4-intoxication on rat’s hepatic histology. CCl4-intoxication induced severe pathological 

changes, including loss of cellular boundaries, necrotic hepatocyte nuclei (encircled), congested central vein, 

and damaged lobular (B). Treatment with 1500 mg/kg D.edulis ethanolic seed extract caused a reversal in CCl4-

induced hepatic damage (C). 

3.5. Discussion. 

The present study was designed to ascertain the potential restorative effects of D. edulis 

seed extract on CCl4-induced hepatotoxicity in male Wister rats. Chemicals, drugs, or infection 

through virus infiltration are known causes of liver tissue injury [25]. Animal model 

hepatotoxicity has been commonly achieved by carbon tetrachloride (CCl4) exposure [26] and 

has been commonly employed for the evaluation of the protective potential of herbal extracts 

and drugs [14,16,25]. Carbon tetrachloride is metabolized first into trichloromethyl radical, a 

highly reactive species, which triggers protein oxidation and lipid peroxidation leading to 

hepatocellular toxicity. Through this mechanism, CCl4 depletes cellular antioxidant defenses, 

thus leading to oxidative stress [13,14]. The resultant functional and morphological changes in 

hepatocytes’ membrane and the death of hepatocytes ultimately result in leakage of hepatic 

contents, including enzymes.  

Serum activities of these enzymes, especially above the required serum levels most 

times, provide a good indication of the extent of liver damage [27-30]. Aminotransferases 

(ALT and AST) and ALP are membrane-bound enzymes that are majorly localized within 

hepatocytes; hence, they have most often been utilized as a diagnostic tool to ascertain the 

extent of damage to the liver. Damage to the membrane of hepatocytes can cause these enzymes 

to leak out, thereby leading to their elevation in the serum [27].  

Observations from this study indicated that serum ALT, AST, and ALP activities, 

which were upregulated following a 3-day intoxication with CCl4 were considerably decreased 

after a 28-day treatment with D. edulis ethanolic seed extract, demonstrating a potential ability 

of the plant extract to abrogate liver damage possibly by a mechanism involving the restoration 

of membrane integrity via its antioxidant property. In addition, a remarkable improvement in 

food intake and body weight was observed in the extract-treated rats. Starvation has been 

reported to contribute to the generation of reactive oxygen species [31]. Reports from previous 

studies have demonstrated the antioxidant activity of ethanolic seed extract of D. edulis through 

the suppression of CCl4-induced oxidative stress in rats [14,16,32]. The presence of 

antioxidants phytochemicals such as flavonoids D. edulis seed extract has been reported by 

https://doi.org/10.33263/BRIAC112.94909500
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC112.94909500  

 https://biointerfaceresearch.com/ 9497 

Oboh et al. [33] and Atawodi et al. [34]. According to reports from several studies, D. edulis 

fruits are potent sources of antioxidant molecules, including but not limited to polyphenolic 

compounds [33,35] with several documented biological and pharmacological activities, such 

as antidiabetic, antimicrobial, antioxidant, and anti-inflammatory activities [34,36,37].  

 Furthermore, the reduction in serum total protein and albumin concentrations following 

a 72 h CCl4-intoxication is in agreement with earlier observations by several authors [13,15]. 

Carbon tetrachloride poisoning has been established to cause intracellular alterations in protein 

synthesis in rats. A recent study by Iseghohi and Orhue [38] showed a significant decrease in 

serum total protein and albumin levels in rats administered CCl4.  Albumin is synthesized 

mainly in the liver. Thus, a reduced albumin concentration is suggestive of a decrease in the 

rate of synthesis by the liver vis-à-vis an augmented rate of clearance or uptake. The 

concentration or amount of albumin in the serum is most often used to access the synthetic 

function of the liver. Therefore, the harmful effect of CCl4 on the liver is not limited to 

morphological alterations alone but also impact on its synthetic function. Hence, the reduction 

in serum albumin concentration, as reported in this study, is indicative of a possible 

compromise in the synthetic capacity of the liver [39]. Carbon tetrachloride is reported to cause 

disruption and disassociation of polyribosomes on the endoplasmic reticulum, thus, leading to 

a decrease in biosynthesis of protein [40]. Data obtained in this study showed that ethanolic 

seed extract of D. edulis resulted in a significant elevation in serum total protein and albumin 

in CCl4-intoxicated rats. The rise in total protein and albumin levels in CCl4-intoxicated rats as 

a result of treatment with D. edulis ethanolic seed extract observed in this study is indicative 

of a restorative potential of the extract on damaged liver cells. This observation is in 

consonance with the reports from previous studies by Ononamadu et al. [41] and Iseghohi and 

Orhue [14].  

The seeming repairs and restorative potential of D. edulis ethanolic seed extract on 

CCl4-induced liver damage, as inferred from the results of serum biochemical analyses in this 

study, is further reinforced by the histopathological examination of liver sections. Severe 

histological alterations, including crowding in a central vein, damaged lobular architecture, and 

leucocyte infiltration, were observed in CCl4-intoxicated but untreated rats. However, these 

changes were remarkably mitigated in CCl4-intoxicated rats treated with D. edulis ethanolic 

seed extract for 28 days. 

4. Conclusions 

 In conclusion, data obtained in this study showed that CCl4-induced hepatotoxicity in 

rats was supported by reduced body weight, elevated serum enzyme activities, increased serum 

total and conjugated bilirubin concentrations, reduced serum albumin, and total protein 

concentrations, which taken together provide an indication of structural and functional 

deficiencies of the liver. These evidence were further strengthened by the histological 

disruption in hepatocyte architecture. On the other hand, in CCl4-intoxicated rats treated with 

D. edulis ethanolic seed extract at 1500 mg/kg body weight, remarkable improvements in 

serum levels of these hepatic function indicators suggestive of possible repair mechanism and 

restoration of function. 
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