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ABSTRACT 

Liver injury refers to any damage to the liver cells (hepatocytes) or liver tissues that impairs the organ’s ability to 

perform its normal functions. Kidney injury refers to damage that compromises the kidney’s ability to filter blood, 

maintain fluid and electrolyte balance, and remove waste products from the body. The liver and kidney injuries can 

result from toxins, drugs, alcohol, acetaminophen overdose, some antibiotics, and infections. The study investigated 

the influence of dried Allophylus africanus hydro-methanol leaf extract on biochemical and histological parameters 

of gentamici- induced liver and kidney injuries in adult male Wistar albino rats. A total of twenty five (25) male 

Wistar rats (150-200g) were divided into 5 groups of 5 animals each (Group 1, 2, 3, 4 and 5) where the mean weight 

difference in each group was not more than 5 g. Group 1 (normal control) received only distilled water. Groups 2-

5 were induced by oral gavage with 80 mg/kg b.wt. of gentamicin single dose. After, groups 3, 4 and 5 received 100, 

200 and 300 mg/kg b.wt of Allophylus africanus leaf extract (AALE) respectively, for 10 days. At the end of the 

experiments, Blood was obtained by cardiac puncture. The liver function test, antioxidant activities and kidney 

function bio-markers were analyzed to determine the effect of the leaf extract on the treated rats. The animals were 

sacrificed and the rat's liver and kidney were removed for histological examination. Treatment of rats with 100-300 

mg/kg b.wt of AALE significantly (p<0.05) reduced the serum activities of urea, creatinine, AST, ALP, ALT, CAT, 

total bilirubin and direct bilirubin and significantly (P<0.05) increased total protein, and gluthatione peroxidase 

(GPx) compared to the untreated group. The activity levels of superoxide dismutase (SOD) and glutathione (GSH) 

of the treated rats were statistically comparable to the normal rats at (p<0.05). The AALE significantly reduced 

concentration level of potassium ion (k+) and chlorine ion (Cl). Furthermore, Histopathological analysis revealed 

that AALE improved the structural damage of glomeruli and renal tubules in treated rats with increased doses of 

AALE. The results suggest that AALE are capable of ameliorating liver and kidney injuries caused by gentamicin 

in rats. 
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Introduction  
The liver and kidneys are essential organs responsible for 

maintaining physiological homeostasis and regulating 

metabolism. Although each organ has different primary 

functions, they exhibit considerable functional overlap and  

interdependence in processes such as the hepatorenal reflex, 

glucose homeostasis, erythropoietin (EPO) synthesis, and the 

biotransformation and elimination of xenobiotics (Bencheikh et 

al., 2021; Watanabe, 2016). Due to their central roles in 

detoxification, filtration, and metabolic regulation, both organs 

are particularly susceptible to injury. Damage may arise from 

diverse etiologies, including environmental chemical exposures 

and modifiable lifestyle factors. The liver, as the primary site of 

drug metabolism, is especially vulnerable to pharmaceutical 

agents. Substantial evidence indicates that medications 

represent a leading cause of acute liver injury and acute kidney 

injury in clinical practice (Pandit et al., 2012; Kwiatkowska et 

al., 2021). 

Gentamicin is a widely used aminoglycoside antibiotic that 

effectively fights bacterial infections (Edeogu et al., 2021). 

However, it comes with some side effects, including hearing 

damage (ototoxicity), kidney toxicity (nephrotoxicity), and, 

more rarely, muscle weakness due to neuromuscular blockade 

(Al-Naimi et al., 2019; Smith et al., 2010). One way gentamicin 

causes harm is by triggering the production of free radicals. Lab 

studies show it generates reactive oxygen species (ROS), which 

accelerate lipid peroxidation (Tomşa et al., 2021). 

Gentamicin is one of the most experimentally used drugs to 

induced acute renal and liver damage in experimental animals 

(Moghadam et al., 2017; Noorani et al., 2011).  

Around the world, people are increasingly turning to herbal 

medicines to treat a variety of health conditions. Plants and 

other natural compounds are seen as promising sources of new 

therapeutic agents (Enenebeaku et al., 2021). Many medicinal 

plants have been studied for their ability to protect the liver and 

kidneys, due to their rich mix of bioactive compounds and 

generally lower risk of side effects (Bhardwaj et al., 2023; 

Adeleke et al., 2021; Padmaja et al., 2022). One such plant, 

Allophylus africanus, has gained attention for its wide-ranging 

benefits, including antimalarial, antibacterial, and antioxidant 

effects (Ferreres et al., 2018; Okoye et al., 2024; Sofidiya et al., 

2012; Balogun et al., 2016). Analysis of its leaf extract has 

revealed a variety of beneficial compounds, including cardiac 

glycosides, flavonoids, alkaloids, tannins, steroids, and 

triterpenes (Brahim et al., 2018). A related species, Allophylus 

cobbe, has shown anticancer activity against human prostate 

cancer cells (Ghagane et al., 2017). In traditional medicine, A. 

africanus is used in different ways: in Sierra Leone, a decoction 

is taken orally to relieve colic and reduce fever, while in 

Senegal, the macerated leaves are applied to treat conjunctivitis 

(Gathirwa et al., 2011). The leaves of Allophylus africanus are 

traditionally used for the treatment of various ailments such as 

arthritis, rheumatism, gout, hemorrhoids, dysentery, venereal 

diseases and malnutrition (Ibrahim et al., 2018) However, its 

specific role in renal protection, especially in conditions 

relating to gentamicin-induced liver and kidney injuries 

remains unexplored. Therefore, this study investigated the 

influence of dried Allophylus africanus hydro-methanol leaf 

extract on biochemical and histological parameters of 

gentamici- induced liver and kidney injuries in adult male 

Wistar albino rats. 

 

Materials and methods 
 Sample Collection 
The fresh leaves of Allophylus africanus was obtained from a 

household farms in Alike Obowo Local Government Area, Imo 

State, Nigeria. The sample was botanically identified at 

International Centre for Ethnomedicine and Drug Development 

by Ossai Isaac with a Voucher number: InterCEDD/C103/005 

Allophylus africanus. 

Preparation of extract 
Fresh leaves of Allophylus africanus were harvested, sorted, 

and thoroughly rinsed under running tap water. The cleaned 

leaves were then chopped and allowed to air-dry at ambient 

temperature for 14 days. Subsequently, the dried material was 

ground into a coarse powder using a Panasonic MX-GX1021 

W electric blender (manufactured in China). 

A 500 g portion of the powdered sample underwent maceration 

in an 80:20 (v/v) methanol–water solvent system, with periodic 

agitation at room temperature for 48 hours. The resulting 

suspension was filtered through muslin cloth, and the filtrate 

was evaporated to dryness in an oven maintained at 45°C. The 

concentrated hydro-methanol extracts was transferred to 

airtight containers and stored under refrigeration until required 

for further analysis. 

Experimental animals and treatment 
The experimental design was done after the approval of the 

Institutional Animal Ethics Committee (IAEC) on the use of 

laboratory animals. The approval registration no: FVM-UNN-

IACUC-2024-11/195.  

Experimental Animal 
A total of twenty-five (25) male Wistar rats, weighing 150–

200g, were utilized in this study. The rats were sourced from 

the Department of Zoology and Environmental Biology, 

University of Nigeria, Nsukka, and subsequently transferred to 

the animal housing facility in the Department of Nutrition and 

Dietetics at the same institution. The rats were maintained 

under standard laboratory conditions with a 12-hour light/dark 

cycle (lights on at 07:00 h) and an ambient temperature of 25 ± 

2°C. Prior to the initiation of the experiment, the rats underwent 

an acclimatization period of 4 days. Throughout this phase, they 

were provided with standard growers mash and water ad libitum 

and maintained in clean, well-ventilated standard cages under 

hygienic environmental conditions. 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/chemotherapeutic-agent
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Experimental design  
The twenty-five rats were randomly allocated into five groups 

(n = 5), ensuring that the mean body weight difference within 

each group did not exceed 5 g. The experimental protocol was 

adapted from Babaeenzhad et al. (2019), wherein Allophylus 

africanus leaf extract (AALE) was administered orally 1 hour 

following the intraperitoneal injection of gentamicin (80 

mg/kg) in rats  

Group 1 (Normal control): Received 1 mL/kg/day of distilled 

water orally via gavage throughout the experimental period. 

Group 2 (Negative control): Administered a single 

intraperitoneal injection of gentamicin (80 mg/kg body weight) 

with no subsequent treatment. 

Group 3: Received a single intraperitoneal dose of gentamicin 

(80 mg/kg body weight), followed by daily oral administration 

of Allophylus africanus leaf extract (AALE) at 100 mg/kg body 

weight for 10 consecutive days. 

Group 4: Received a single intraperitoneal dose of gentamicin 

(80 mg/kg body weight), followed by daily oral administration 

of AALE at 200 mg/kg body weight for 10 consecutive days. 

Group 5: Received a single intraperitoneal dose of gentamicin 

(80 mg/kg body weight), followed by daily oral administration 

of AALE at 300 mg/kg body weight for 10 consecutive days. 

All extract administrations were performed via oral gavage. At 

the end of the treatment period, blood samples were collected 

from the retro-orbital plexus into non-heparinized tubes. Serum 

was obtained by centrifugation at 3000 rpm for 10 minutes and 

used for biochemical analyses. The animals were sacrificed, 

Blood samples were collected for the analyses. The liver and 

kidney were carefully excised, fixed in 10% (v/v) formalin, and 

processed for histopathological examination. 

Determination of biochemical parameters 
The plasma aspartate transaminase (AST), aspartate 

aminotransferase (AST) and alkaline phosphatase (ALP)  

activity were determined using Randox test kits (Randox 

Laboratories Ltd., Crumlin, United Kingdom) (Reitman and 

Frankel, 1957). Protein concentration was determined 

according to the method of Mayne (1996). The plasma 

creatinine concentration was determined using Randox test kits 

(Mayne, 1996). Determination of uric acid in serum was done 

using enzymatic colorimetric method (Barham & Trinder, 

1972). Superoxide dismutase activity was assayed by the 

method of Arthur and Boyne (1985) as contained in Randox kit 

leaflet. Catalase (CAT) activity was determined using hydrogen 

peroxide H2O2 as a substrate according to the method described 

by Sinha (1972) and levels of reduced glutathione (GSH) 

according to the method described by Jollow et al. (1974) and 

concentration of malondialdehyde (MDA) as measurement of 

lipid peroxidation according to method of by Wallin et al. 

(1993). Determination of serum electrolytes concentration was 

determined using test kits as described by Gross et al. (2011). 

 

Histological examination 
Following blood collection, the liver and kidneys were 

meticulously excised from the abdominal cavity, immersed in 

10% formalin solution for 72 hours, and then sliced to a 

thickness of 2-3 mm. The tissue sections were dehydrated 

through a graded series of alcohol concentrations, cleared in 

xylene, and embedded in paraffin wax to form tissue blocks, as 

described by Drury et al. (1967). Paraffin-embedded tissues 

were sectioned at 5 μm thickness using a rotary microtome. The 

resulting ribbons were mounted onto glass slides, dried, and 

stained with hematoxylin and eosin (H&E) for routine 

histopathological evaluation. The stained slides were 

systematically examined under a Motic® light microscope, and 

representative photomicrographs were captured using a Motic® 

digital microscope camera at various magnifications. 

Statistical analysis 

Data generated from the study was statistically analyzed using 

Statistical Product and Service Solutions (SPSS), Version 25. 

The means and standard deviations generated were presented. 

Analysis of Variance (ANOVA) was used, alongside Duncan’s 

new multiple range test, to separate and compare the means. 

The acceptable level of significance was p< 0.05.   

 

Result 
The detailed results of the serum biochemical analyses are 

presented in Table 1. Levels of liver function biomarkers AST, 

ALT, ALP, and total bilirubin were significantly elevated (P < 

0.05) in rats administered gentamicin alone, compared to the 

normal control group. Rats treated with the extract at different 

doses showed significant (p<0.05) difference in the AST, ALT, 

ALP activities, total bilirubin, as represented in table 1 when 

compared to the untreated. The concentrations of creatinine and 

urea in the gentamicin-treated group significantly increased, 

however, the concentrations in the AALE-treated groups 

reversed to normal. Total protein concentrations were 

significantly (p < 0.05) higher in the treated groups and 

significantly (p < 0.05) lower in the negative control group. The 

results also demonstrated a marked increase in hepatic lipid 

peroxidation, indicative of elevated oxidative stress in the 

gentamicin-treated group. Administration of gentamicin alone 

caused a significant reduction in reduced glutathione (GSH) 

levels and in the activities of catalase (CAT), superoxide 

dismutase (SOD), and glutathione peroxidase (GPx) compared 

with the normal control group (p < 0.05). In contrast, treated 

groups significantly restored the activities of CAT, SOD, GPx 

and GSH level (P < 0.05) in a dose-dependent manner.  MDA 

levels were substantially lower in those treated with AALE and 

significantly higher in groups treated with gentamicin alone. 

Administration of gentamicin alone (Group 2) resulted in 

marked disruptions in serum electrolyte balance compared with 

the normal control group (Table 1). Specifically, Group 2 

exhibited a significant elevation in chloride concentration, 
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accompanied by decreased sodium levels and a pronounced rise 

in potassium concentration. Co-administration of AALE 

(Groups 3–5) produced a dose-dependent improvement in 

electrolyte profiles, with higher extract doses yielding values 

progressively closer to normal. Sodium levels increased slightly 

but significantly across Groups 3–5, while potassium 

concentrations were notably reduced compared with the 

gentamicin-only group. In addition, bicarbonate levels were 

significantly elevated in all AALE-treated groups relative to the 

untreated group, indicating further restoration of electrolyte 

homeostasis.

Table 1: Effects of AALE on liver and kidney function indices, antioxidant enzymes and serum electrolytes  in 

Wistar rats  

Parameters Group 1 Group 2 Group 3 Group 4 Group 5 

Urea (mg/dl) 45.33 ±1.52a 138.0±1.00c 80.67 ±1.15b 97.33 ±2.02b 127.67±2.08bc 

Creatine (mg/dl) 1.33 ± 0.58ab 4.51  ± 0.77c 1.38 ± 0.57ab 0.71 ± 0.00a 1.77 ± 0.57ab 

Total bilirubin (mg/dl) 1.00 ± 0.00a 4.67 ± 2.30d 1.75± 0.00ab 2.78 ± 0.01bc 2. 60 ± 0.30bc 

(CB) (mg/dl) 0.40  ± 0.58 a 2.33  ± 1.53c 0.50 ±0.57ab 0.63 ± 0.57ab 0.34  ± 0.57a 

Total protein (g/dl) 5.40 ±0.00c 2.33±0.58a 4.67±0.57bc 5.33±0.57c 4.67±0.57bc 

(ALT) (IU/L)  5.33 ± 1.53a 11.67± 2.08b 5.67 ± 1.53a 5.33 ± 1.57 a 5.33 ± 1.55a 

(AST) (IU/L) 8.00 ± 1.00a 15.00± 2.51b 9.00 ± 2.00a 9.33 ± 1.52a 6.67 ± 1.52a 

(ALP) (IU/L) 39.00± 0.70ab 58.00± 0.57c 41.00 ±0.11b 38.33 ± 1.43ab 32.67 ± 0.23a 

MDA(mg/ml) 1.33 ±0.57a 4.67  ± 1.16b 1.53 ± 0.57a 1.42 ± 0.57a 1.49 ± 0.58a 

CAT(u/mg) 3.67±0.57C 0.28±0.00a 3.67±2.52c 1.97±1.00bc 1.90±1.73bc 

GPX(u/mg) 54.67 ± 0.09C 23.33 ± 0.60a 32.33± 0.40ab 34.67± 0.51bc 44.33±0.28bc 

SOD (u/mg) 11.15±0.00b 8.00 ± 1.73a 11.27± 0.00b 11.45± 0.01 b 11.35± 0.00b 

GSH (mg/dl) 2.67 ± 2.08ab 1.09 ± 0.58a 3.31 ± 1.53b 2.00 ± 0.00ab 2.30 ± 0.00ab 

chloride (mmol/L) 98.67 ± 1.54a 150.00 ± 3.00c 112.33  ± 2.51a 130.00 ± 1.00bc 134.00 ±1.00bc 

sodium (mmol/L) 125.00 ± 1.73bc 98.67 ± 2.88a 106.00 ± 1.00abC 109.00 ± 1.00abc 114.33±1.76abc 

potassium (mmol/L) 12.67± 0.15ab 30.33 ± 0.40c 11.00 ± 0.10ab 20.67 ± 0.30bc 22.33 ±0.11bc 

bicarbonate (mmol/L) 52.44  ± 2.08c 29.67 ± 0.57a 37.33 ± 1.15ab 40.33 ±1.15bc 31.67 ± 1.15ab 

chloride (mmol/L) 98.67 ± 1.54a 150.00 ± 3.00c 112.33  ± 2.51a 130.00 ± 1.00bc 134.00 ±1.00bc 

Results were expressed as mean ± SEM of 5 rats. Means of the same row with different letters differ 

significantly (P <0.05). Group 1 = 5 ml/kg/day of distilled water; Group 2 = 80 mg/kg of gentamicin (single 

dose); Group 3 = 80 mg/kg of gentamicin (single dose) + 100 mg/kg/day of AALE; Group 4 = 80 mg/kg of 

gentamicin (single dose) + 200 mg/kg/day of AALE; Group 5 = 80 mg/kg of gentamicin (single dose) + 300 

mg/kg/day of AALE. 
 

Histopathology 
Liver histopathology 
Plate 1A (Normal control): The hepatic architecture was 

preserved, with hepatocytes arranged in radiating cords around 

central veins, exhibiting normal histomorphology. 

Plate 1B (Negative control): Mild-to-moderate multifocal 

hepatocellular necrosis and mild periportal hepatocyte swelling 

around central veins (V) were evident. 

Plates 1C–1E (AALE-treated groups, 100, 200, and 300 

mg/kg, respectively): Progressive dose-dependent restoration 

of hepatic architecture was observed, with reduced necrosis and 

cellular swelling, indicating hepatoprotective effects of AALE. 

Kidney histopathology 
Plate 2A (Normal control): Renal tissue displayed normal 

histoarchitecture, with intact glomeruli (G) within Bowman’s 

capsules and well-preserved proximal and distal tubules. 

Plate 2B (Negative control): Severe tubular degeneration and 

necrosis (indicated by arrows) were predominant in the cortical 

region, reflecting significant nephrotoxicity.  

Plates 2C–2E (AALE-treated groups, 100, 200, and 300 

mg/kg, respectively): Marked improvement in tubular 

integrity and reduction in necrotic changes were observed with 

increasing doses of AALE, demonstrating dose-dependent 

renoprotective efficacy. 
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Plate 1: Histopathological changes of Liver and Kidney Tissues. A, kidney of rat that received 1 

mL/kg/day of distilled water; B, kidney of rat induced with gentamicin (80 mg/kg) only; C, kidney of rats 

induced with gentamicin (80 mg/kg) + 100 mg/kgBW of AALE; D, kidney of rats induced with gentamicin 

(80 mg/kg) + 200 mg/kgBW of AALE; E, kidney of rats induced with gentamicin (80 mg/kg) + 300 

mg/kgBW of AALE 

 

HISTOPATHOLOGICAL FINDING OF LIVER AND KIDNEY TISSUES   

1) Liver Tissues changes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2) Kidney Tissues changes 
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Discussion 
The liver plays a pivotal role in the detoxification and 

elimination of xenobiotics from the body. Its functional 

integrity is commonly assessed through the serum activities of 

key hepatocellular enzymes, including ALT, AST and ALP, 

which are primarily localized in the cytoplasm. Elevation of 

these enzymes in the bloodstream reflects hepatocellular injury 

and the extent of hepatic damage (Dominic et al., 2012).  

In the present study, hepatic function was evaluated by 

measuring serum biochemical parameters. Rats administered 

gentamicin alone exhibited significantly elevated serum 

activity of AST, ALT and ALP compared to the normal control 

group indicative of substantial disruption in liver architecture 

and function. AST: 15.00 ± 2.51 IU/L (vs. 8.00 ± 1.00 IU/L in 

normal control group), ALT: 11.67 ± 2.08 IU/L (vs. 5.33 ± 1.53 

IU/L in normal control group), ALP: 58.00 ± 0.57 IU/L (vs. 

39.00 ± 0.70 IU/L in normal control group). The observed 

elevations in these biochemical markers may be attributed to 

gentamicin-induced lipid peroxidation of hepatocyte 

membranes, compromising cellular integrity and facilitating the 

leakage of cytosolic and membrane-bound enzymes into the 

circulation.  Increases in serum enzyme activities following 

gentamicin exposure have been documented in experimental 

models, where gentamicin exposure resulted in marked 

increases in these biomarkers: AST (200 U/L (vs <50 U/L in 

control), ALP (230 U/L (vs 80 U/L in control) and ALT (58 

MMOI/L (vs 26 MMOI/L in control) (Ogundipe et al., 2021). 

However, co-administration of AALE at doses of 100, 200, and 

300 mg/kg body weight produced a significant reduction in 

ALP activity, with corresponding values of 41.00 ± 0.11, 38.33 

± 1.43, and 32.67 ± 0.23 U/L, respectively. Similarly, AALE 

treatment exhibited a dose-dependent decrease in ALT activity, 

with the most pronounced reductions observed at 200 and 300 

mg/kg (5.33 ± 1.57 and 5.33 ± 1.55 U/L, respectively) reaching 

values comparable to the normal control group. Notably, 

administration of 300 mg/kg AALE restored AST activity to 

levels lower than those of the normal control group (6.67 ± 1.52 

vs. 8.00 ± 1.00 U/L), indicating strong hepatoprotective and 

restorative effects. The decrease in activity of these enzymes  

shows that the leaf extracts has ability to protect the membrane 

of hepatocytes from lipid peroxidation. Kolawole et al. (2019) 

reported a significant reduction in serum AST and ALP 

activities following administration of aqueous leaf extract of 

Phyllanthus amarus in male Wistar rats with acetaminophen-

induced liver damage. Furthermore, the treatment groups 

exhibited a significant reduction (P < 0.05) in gentamicin-

induced elevations of serum urea, total bilirubin, conjugated 

bilirubin, creatinine, and electrolyte levels, indicating effective 

restoration of renal and hepatic function. The reduction of urea 

and creatinine levels toward normal values implies that AALE 

protects the kidneys either by reducing oxidative stress or by 

inhibiting inflammatory pathways that contribute to renal 

damage (Tienda- Vázquez et al., 2022). 

Additionally, the absence of significant differences in SOD 

activity and MDA levels between the normal control group and 

the AALE-treated groups indicates that AALE not only halts 

the progression of gentamicin-induced oxidative injury but also 

facilitates the complete restoration of redox homeostasis in the 

liver and kidney, returning these organs to a physiologically 

normal oxidative state. Tijani et al. (2020) reported that co-

administration of Chasmanthera dependens methanol extract 

with piroxicam significantly lowered MDA levels while 

enhancing GSH, SOD, and CAT activities, demonstrating the 

extract’s ability to scavenge piroxicam-induced ROS and 

prevent oxidative stress. The hepatoprotective and 

renoprotective effects of AALE were further corroborated by 

histopathological examination of liver and kidney tissues, 

which closely aligned with the serum biochemical findings. 

Administration of AALE effectively restored near-normal 

histological architecture in the liver, demonstrating substantial 

reversal of gentamicin-induced structural damage. 

 

Conclusion  
The result of this study revealed that 80mg/kg of gentamicin 

could inflict some degree of toxicity to the liver and kidney of 

the rats. This was shown in the histopathological examination 

results coupled with markedly elevated levels of liver 

biochemical markers. Also, significant changes of kidney 

biochemical indices which includes increased levels of serum 

urea, creatinine, electrolytes and decreased total protein level 

was observed in the negative control group. This study 

demonstrated that treatment with dried Allophylus africanus 

leaf extract significantly decreased physiological and 

histopathological alterations induced by gentamicin in treated 

adult male Wistar albino rats. These leaves extracts curtailed 

the toxic effects of gentamicin on the liver and kidney. 

These findings underscore the potential of dried Allophylus 

africanus hydro-methanol leaf extract as a therapeutic agent for 

the prevention and management of oxidative stress-associated 

renal and hepatic dysfunction. This will therefore require 

further research into the underlying mechanism and its clinical 

efficacy in establishing. Allophylus africanus for long-term. 
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