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Background: Carica papaya (C. papaya) plant parts have been documented for treating liver injuries in 

ethnomedicine despite the limited comparison of the anti-hepatotoxic properties of individual parts. This 
study compared the antihepatotoxic effects of hydroethanol leaf extract of C. papaya (HELC) and aqueous 

unripe fruit extract of C. papaya (AUFC) against paracetamol (PCM)-induced hepatotoxicity in rats.  

Methods: A total of 30 male rats were randomly allotted to six groups (n=5). Liver injury was induced by 
PCM (600 mg/kg, p.o.) in all groups except the normal group. Then, HELC or AUFC was administered at 

200 mg/kg and 400 mg/kg to each group at 2, 6, and 10 h. After 24 h, blood samples were collected to 

evaluate the serum levels of Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST), and 

uric acid, and confirmed by histopathological examination of the liver tissue.  

Results: A significant (P<0.05) and dose-dependent reduction was observed in the ALT, AST, and uric 

acid serum levels in the HELC and AUFC treatment groups compared with the control.  Serum levels of 
the markers were generally lowered at 400 mg/kg rather than 200 mg/kg for each of HELC and AUFC. 

However, no statistically significant dose-dependent values were recorded. Moreover, at 400 mg/kg, HELC 

produced the highest reduction of the markers among all treatment groups, confirmed by histopathological 

findings.  

Conclusion: Both HELC and AUFC showed antihepatotoxic effects. At higher doses, HELC produced a 

greater antihepatotoxic effect than AUFC. However, these comparative effects were not statistically 

significant.  
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Carica papaya, Histopathologic examination, Paracetamol, Uric acid 
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Introduction
Traditional medicine, particularly herbal therapy, has 

remained pivotal in the health system since the origin of 

humankind. Reports show that it is a prevalent alternative 

therapy in developing countries, especially African 

countries, when compared to orthodox therapy, with about 

80% of Africans relying on these alternative therapies 

regardless of modern medical practices [1]. Among these 

medicinal plants, Carica papaya (family Caricaceae), 

commonly known as pawpaw, is popularly used. 

Although native to the Americas, it is extensively 

cultivated in tropical and sub-tropical regions worldwide 

[2]. Carica papaya )C. papaya) has been employed as a 

folk medicine in many countries because of its therapeutic 

features, such as antioxidative, antimalarial, 

antihypertensive, antidiabetic, and antimicrobial 

properties [3-7]. Studies reveal that these therapeutic 

properties are attributed to the abundance of chemicals, 

such as papain, chymopapain, carotenoids, 

monoterpenoids, saponins, cardenolides, 

glucosinolates, potassium, calcium, iron, phosphorus, 

zinc and copper in the fruit extracts, whereas the leaves 

contain papain, chymopapain, cystain, ascorbic acid, 

alkaloids, flavonoids, cyanogenic glucosides and 

minerals [8-10]. 

Paracetamol (PCM) is a widely used first-choice 

analgesic for mild to moderate acute pain in adults, 

especially in those with underlying health conditions 

like ulcers, pregnancy, and lactation, where non-

steroidal anti-inflammatory drugs (NSAIDs) may pose 

risks [11].  

The liver is the main organ responsible for the 

metabolism and detoxification of most xenobiotics, 
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including commonly used analgesics like PCM and herbal 

products [12,13]. It is a prime target for chemical-induced 

injury, particularly drug-induced liver injury (DILI), as 

the hepatotoxic metabolite of the drug binds to basic 

cellular components and adversely induces the majority of 

liver lesions, particularly N-acetyl-p-benzoquinone imine 

(NAPQI), an active and dose-dependent hepatotoxic 

metabolite of PCM [14] The DILI continues to be the 

leading reason for post-marketing regulatory decisions, 

including drug discontinuation, as over a thousand drugs 

in the updated pharmaceuticals pharmacopeia issue, 

accounting for approximately 90% of all cases of 

withdrawn over-the-counter drugs and herbal 

supplements from clinical trials and the market, as 

reported by scientists [15] In addition, orthodox 

therapeutic options for liver diseases are very limited, 

resulting in great demand for traditional and alternative 

therapy, particularly herbal plants like C. papaya [16,17]  

Despite the individual effectiveness of the parts of C. 

papaya, there is a dearth of scientific knowledge on the 

comparison of the acute antihepatotoxicity models 

between the leaf and fruit extracts of C. papaya, 

particularly against PCM-induced hepatotoxicity in rats. 

Therefore, the present study compared the 

hepatoprotective activity of hydroethanol leaf and 

aqueous fruit extracts of C. papaya against PCM-induced 

hepatotoxicity in rats. 

Materials and Methods 

Plant Material 

Freshly harvested leaves and unripe fruits of C. papaya 

were collected from the Lagos State University College of 

Medicine garden in Ikeja, Lagos State (Nigeria) with 

coordinates 6.58845⁰ N and 3.34161⁰ E in January 2023. 

Sequel to the collection, both plant samples were 

identified using the PictureThis Apple Store App and 

authenticated by Dr. George Ndoza of the Department of 

Botany, Faculty of Science at the University of Lagos, 

Lagos, Nigeria, where a voucher specimen was deposited 

and given the identification number: LUH 9852 on 

February 6, 2023. 

Preparation of Extracts 

The procedure followed a protocol previously 

conducted by Awodele et al [5]. Leaves of C. papaya were 

washed under running tap water, oven-dried at 40°C, 

blended to a coarse powder, and weighed. Then, 100 g of 

the 400 g of leaves were macerated in 4.0 L of 

hydroethanol mixture (50:50) at 70°C for 4 h using a 

heating mantle until a thick concentrated solution was 

formed, which was allowed to cool and filtered using filter 

paper. The filtrate was placed inside the water bath at 

75°C for 4 h to attain the dried extract (yield: 5 %), which 

was then refrigerated at 4°C from which fresh 

preparations were made throughout the study.  

For the unripe fruit, 300 g of whole fruit of C. papaya 

was washed, peeled, cut into small pieces, and soaked 

in 100 mL of distilled water for 7 days. The solution 

was systematically filtered using a clean, dry muslin 

cloth and filter paper. The filtrate was refrigerated at 

4°C (yield: 9 %) and used throughout the study.  

Chemicals and Kits 

PCM was purchased from the Lagos State University 

Fee-paying Pharmacy, Ikeja, Lagos State, Nigeria. 

Assay kits for biochemical evaluation of serum liver 

biomarkers, such as alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), alkaline 

phosphatase (ALP), and uric acid, were all purchased 

from Fortress Diagnostics, United Kingdom.  All other 

analytical-grade reagents were obtained from the 

Department of Chemical Pathology, Lagos State 

University College of Medicine, Ikeja, Lagos State, 

Nigeria. 

Experimental Animals  

Male adult albino rats (weighing 180-200 g) 

procured from the Animal House, Lagos State College 

of Medicine, Nigeria, were used. The animals were 

housed at standard environmental conditions with an 

optimal temperature of 22±2°C, a 12-h light-dark 

cycle, while being fed standard animal feed and tap 

water ad libitum for two weeks before the 

experimentation. All animal procedures deployed in 

this study fully adhered to the ethical procedures and 

policies with due approval from the Animal Ethical 

Research Committee (AERC) of Lagos State 

University (Reference No. AERC/2022/090). 

Acute Toxicity Study 

The oral median lethal dose (LD50) of C. papaya in 

rats was determined according to the procedures 

outlined by the Organization for Economic Co-

operation and Development (OECD) [18] by weighing 

the body weight of the rats after a 24-h fasting period. 

In the first phase, six rats were randomly allotted into 

three groups (n=2). They were administered 10 mg/kg, 

100 mg/kg, and 1000 mg/kg of HECL and AUCF, 

respectively and observed for signs of debility and 

mortality within 24 h. Following the outcome of the 

first phase, four rats were divided into two groups 

(n=2), which were administered 2000 mg/kg and 4000 

mg/kg of the HECL and AUCF, respectively and then 

closely monitored for any evidence of toxicity and 

death in 24 h during the second phase. The median 

lethal dose was 5000 mg/kg of body weight for each C. 

papaya extract. Then, 200 mg/kg and 400 mg/kg were 

the selected doses for HECL and AUCF throughout this 

experiment. 

Experimental Design 

PCM-induced Hepatotoxicity 

A total of 30 rats were randomly divided into six 

treatment groups of five animals each. Group 1 
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(normal) received 1 mL/kg of normal saline (NS) orally at 

intervals of 2, 6, and 10 h. Group II (control) received 

PCM at 600 mg/kg of PCM solution containing PCM 

dissolved in NS, followed by 3 ml/kg of NS at 2, 6, and 

10 h. Groups III and IV received oral administration of 

600 mg/kg of PCM, followed by post-administration of 

HECL at 200 mg/kg and 400 mg/kg doses, respectively, 

at 2, 6, and 10 h intervals. Groups V and VI received oral 

administration of 600 mg/kg of PCM, followed by post-

administration of AUCF at doses of 200 mg/kg and 400 

mg/kg, respectively, at intervals of 2, 6, and 10 h.   

All the treatments were administered orally using an 

oral cannula, and the doses of HECL or AUCF were 

selected based on pre-tests. 

Collection of Samples 

All animals were refrained from feeding for 24 h after 

treatment and were anaesthetized by ether inhalation. 

Blood samples were collected from the heart via a cardiac 

puncture and allowed to clot for 30 min. The serum was 

separated by centrifugation at 2500 rpm for 15 min and 

used for biochemical assessment. The liver was excised, 

washed with saline, blotted dry, divided into samples, 

frozen quickly, and stored at 80°C. The fixed tissues were 

processed routinely, embedded in paraffin, sectioned to 3–

5 mm thickness, deparaffinized and rehydrated using 

standard techniques. Sections were taken and stained with 

hematoxylin and eosin (H&E). 

 

Biochemical Assessment of Serum Liver Enzymes 

The effect of treatment on serum ALT, AST and uric 

acid concentration was determined using the Fortress 

Diagnostics Standard Kits (United Kingdom).  

 

Effect of Treatment with PCM on the Serum ALT 

The procedure for the assessment of ALT complied 

with a previous study and was modified by the Fortress 

Diagnostics Standard Operating Procedure [19]. The 

preparation containing 100 uL of the substrate dissolved 

in 500 uL of the buffer (containing phosphate, L-alanine 

and α-oxoglutarate) followed by 500 uL of 

dinitrophenylhydrazine (a dye reagent) dissolved in 1.5 

ml of diluted sodium hydroxide preparation (1 part to 19 

parts of deionized water) and the absorbance was read 

using a spectrophotometer against the standard 

wavelength of 550 nm. 

Effect of Treatment with PCM on the Serum AST 

The procedure for the assessment of AST was similar to 

that of ALT, which complied with a previous study as 

modified by Fortress Diagnostics Standard Operating 

Procedure [19]. The preparation containing 100 uL of the 

substrate dissolved in 500 uL of the buffer (containing 

phosphate, L-aspartate and α-oxoglutarate) followed by 

500 uL of dinitrophenylhydrazine (dye reagent) was 

dissolved in 1.5 ml of diluted sodium hydroxide 

preparation (1 part to 19 parts of deionized water) and the 

absorbance was read using a spectrophotometer against 

the standard wavelength of 550 nm. 

Effect of Treatment with PCM on the Levels of Uric 

Acid 

Uric acid was accessed according to the method 

described in a study by Fawcett and Scott [20]. 20 µL 

of the sample (containing serum) was added to uric 

acid reagent preparation consisting of 50 mmol/L of 

hepes buffer, 4.0 mmol/L of 3,5-dichloro-2-

hydroxybenzenesulfonic acid (DCHBS), 1 KU/L of 

peroxidase and 0.2 KU/L of uricase. Then, it was 

mixed thoroughly and incubated for 5 min at 37°C. 

The absorbance of the solution was read with the aid 

of a spectrophotometer with a standard wavelength of 

546 nm. 

Histopathological Assessment 

Animals from each study were sacrificed, and the 

liver of each animal was excised immediately. A 

portion of the liver was fixed in a 10% neutral buffered 

formalin solution for 24 h. Afterward, they were 

processed routinely, embedded in paraffin, and cut into 

5 μm-thick sections using a microtome. Then, they 

were deparaffinized, rehydrated using standard 

techniques, and stained with H&E before the 

photomicroscopy at a magnification of X 40 for 

morphological pathology, including necrosis, steatosis, 

and fatty change of hepatic cells and hepatocyte 

damage. The rest of the livers were rinsed with saline, 

blotted dry, divided into samples, frozen quickly, and 

stored at 80°C (Saeed and Sabir, 2002). 

Statistical analysis 

Results were expressed as mean±SEM. Graphpad 

Prism (version 8.0) analytical models, particularly the 

one-way analysis of variance (ANOVA) followed by 

multiple comparisons using Tukey’s post-hoc test, 

were used for all the statistical analyses and graphical 

representations of the comparison of the biochemical 

parameters between the groups, with P<0.05 

considered statistically significant.  

 

Results  

Acute Toxicity Studies 

No mortality was observed up to a dose level of 5000 

mg/kg body weight. When compared with the control, 

no observable changes were observed in their 

morphological, behavioral, feeding pattern or water 

intake during the acute toxicity test.   

Effects of Leaf and Fruit Extracts of C. papaya Against 

PCM-induced Liver Injury on ALT Levels 

PCM (600 mg/kg) produced a significant liver injury, 

as indicated by a significant increase in the serum 

concentration of ALT compared to control, HECL, and 

AUCF (Figure 1). However, post-treatment of 200 
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mg/kg and 400 mg/kg HECL and AUCF caused 

significant decreases in ALT levels (P<0.05); however, at 

400 mg/kg HECL and AUCF, a significant reduction of 

ALT levels was produced when compared to 200 mg/kg 

and 400 mg/kg HECL and AUCF (Figure 1). 

In addition, 400 mg/kg of HECL produced an 

observable decrease in ALT levels compared to 200 

mg/kg of HECL. Similarly, 400 mg/kg of AUCF 

produced a less observable decrease in ALT levels when 

compared with 200 mg/kg of AUCF. 

 

 
Figure 1. Showing ALT levels across all groups (n = 5). ##p < 0.01 versus 

N.S, *p < 0.05, **p < 0.01, ***p < 0.001 versus PCM. NS: Normal Saline, 

PCM: Paracetamol, HECL: Hydroethanol C. papaya leaf, AUCF: 

Aqueous unripe C. papaya fruit, ALT: Alanine aminotransferase 

Effects of Leaf and Fruit Extracts of C. papaya Against 

PCM-induced Liver Injury on AST Levels 

PCM (600 mg/kg) produced a significant liver injury, 

as indicated by a significant increase in the serum 

concentration of AST compared to the control, HECL, and 

AUCF (Figure 2). However, post-treatment of 200 mg/kg 

and 400 mg/kg HECL and AUCF caused significant 

decreases in ALT levels (P<0.05); however, 400 mg/kg 

HECL and AUCF produced a significant reduction of 

ALT levels when compared with 200 mg/kg HECL and 

AUCF (Figure 2). 

Furthermore, 400 mg/kg of HECL produced 

significantly reduced AST levels compared to 200 mg/kg 

of HECL. Similarly, 400 mg/kg of AUCF produced a 

significant reduction in AST levels compared to 200 

mg/kg of AUCF. 
 

 
Figure 2. Showing AST levels across all groups (n = 5). #p < 0.05 versus 

N.S, *p < 0.05, ***p < 0.001 versus PCM. NS: Normal Saline, PCM: 

Paracetamol, HECL: Hydroethanol C. papaya leaf, AUCF: Aqueous 

unripe C. papaya fruit, AST: Aspartate aminotransferase 

Effects of Leaf and Fruit Extracts of C. papaya Against 

PCM-induced Liver Injury on Uric Acid Levels 

PCM (600 mg/kg) produced a significant liver injury, 

as indicated by a significant increase in the serum 

concentration of uric acid compared with control, 

HECL, and AUCF (Figure 3). However, post-treatment 

of 200 mg/kg and 400 mg/kg of HECL and AUCF 

caused significant decreases in uric acid levels 

(P<0.01); however, 400 mg/kg HECL and AUCF 

produced a significant reduction of uric acid levels 

when compared with 200 mg/kg HECL and AUCF 

(Figure 3). 

Moreover, 400 mg/kg of HECL produced an 

observable reduction in uric acid compared to 200 

mg/kg of HECL. Similarly, 400 mg/kg of AUCF 

produced an observable reduction in uric acid 

compared to 200 mg/kg of AUCF. 

 

 
Figure 3. Showing Uric Acid levels across all groups (n = 5). ##p < 

0.01 versus N.S, **p < 0.01, ***p < 0.001, ****p < 0.0001 versus 

PCM. NS: Normal Saline, PCM: Paracetamol, HECL: Hydroethanol 

C. papaya leaf, AUCF: Aqueous unripe C. papaya fruit 

Histopathologic Assessment 

Histopathological studies of various treatment 

groups are displayed in Figure 4. The NS group (Figure 

4A) showed normal liver architecture with central vein 

(CV) and conserved hepatocytes (black arrow). The 

PCM control group (Figure 4B) showed significant fat 

deposition, ballooning of hepatocytes (black arrow), 

necrosis, and periportal infiltration of mononuclear 

inflammatory cells (red arrow). At the same time, 

HECL 200 mg/kg and PCM 600 mg/kg, as well as 

AUCF 200 mg/kg and PCM 600 mg/kg (Figures 4C 

and 4E, respectively), showed moderate periportal 

lymphocytic infiltration (red arrowhead). Moreover, 

HECL 400 mg/kg and PCM 600 mg/kg (Figure 4D) 

showed mild periportal lymphocytic infiltration. It is 

noteworthy that AUCF 400 mg/kg and PCM 600 mg/kg 

(Figure 4F) lacked periportal lymphocytic infiltration 

(red arrowhead).  
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Figures 4. A-F showing photomicrographs of liver tissues in all groups. 

The NS group (Figure 4A), PCM group (Figure 4B), HECL (200 mg/kg) 

& PCM and AUCF (200 mg/kg) & PCM (Figures 4C and 4E, 

respectively). HECL (400 mg/kg) & PCM and AUCF 400 mg/kg & 

PCM (Figures 4D and 4F, respectively). Central vein (CV); Hepatocytes 

(Black arrow); inflammatory cells (red arrow). Where NS: Normal 

Saline (1 ml/kg); PCM: paracetamol (600 mg/kg); HECL: hydroethanol 

C. papaya leaf; AUCF: aqueous unripe C. papaya fruit 

Discussion  

Comparisons of the antihepatotoxic activities of the 

hydroethanol leaf and aqueous fruit extract of C. 

papaya against PCM-induced hepatic injury were 

studied in rats. Orally administered PCM, at high doses, 

is an extensively used model for the screening of 

hepatoprotective agents [21]. Its mechanism is through 

the bioactivation of its metabolite, NAPQI, by 

cytochrome p450 [22]. This alkylating metabolite 

covalently binds to cellular proteins, which depletes 

glutathione stores and polyunsaturated fatty acids, 

initiates oxidative stress and lipid peroxidation. These 

chemical processes adversely affect the permeability of 

plasma membranes to Ca+, resulting in hepatocellular 

damage and necrosis and leakage of liver enzymes, 

such as ALT, AST, and uric acid, into the serum [17]. 

Therefore, the estimation of these liver enzyme 

concentrations in the serum remains a valid index of the 

extent of the liver injury [23]. 

The oral acute toxicity test revealed that the leaf and 

fruit extracts of C. papaya were both safe at a 

maximum dose of approximately 5 g/kg [18]. 

Oral administration of 600 mg/kg PCM elicited 

significant hepatotoxicity with elevations in serum 

ALT, AST, and uric acid levels in control rats. 

Increased serum ALT level was particularly indicative 

of hepatocellular injury [24], of which HECL and 

AUCF significantly decreased at doses of 200 and 400 

mg/kg, respectively, when compared with the control, 

indicating its hepatocellular regeneration. However, 

400 mg/kg of each extract produced a significant 

decrease in ALT compared to a dose of 200 mg/kg 

(P<0.001). A significant reduction in serum ALT level 

by HECL compared to the same dose of AUCF 

demonstrates that HECL has significantly greater 

hepatocellular healing effects compared to the same 

doses of AUCF (Figure 1). This finding contrasts with 

a previous study [5], suggesting that the hydroethanol 

leaf extract used in this work may have higher bioactive 

phytochemicals than the ethanol extract of C. papaya 

employed in the previous investigation. 

Similarly, increased serum AST level following the 

oral administration of 600 mg/kg PCM is indicative of 

necrotic hepatocytes, which was most significantly 

reduced in groups administered 400 mg/kg of HECL 

than AUCF, indicating that HECL is a more potent 

anti-necrotic agent than AUCF. Notably, the aqueous 

seed extract of C. papaya produced a significant 

antinecrotic activity at a dose of 200 mg/kg, as reported 

by a worker [25]. This could partly explain the 

antinecrotic activity observed for AUCF, being a 

combination of both fruit and seeds. Furthermore, Khor 

et al. demonstrated that increased level of serum uric 

acid is significantly associated with non-alcoholic fatty 

liver disease, of which HECL and AUCF significantly 

reduced its serum concentration, with a significant 
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reduction of serum uric acid at 400 mg/kg HECL and 

AUCF (P<0.001). This finding demonstrates that both 

HECL and AUCF produced hepatoprotective activity 

capable of preventing non-alcoholic fatty liver disease 

[26]. These ameliorations or repairs of the liver were 

further corroborated by the histopathological findings in 

the hepatic histoarchitecture of treated rats. 

Further explanations of the anti-hepatoprotective 

activities recorded in this study can be attributed to the 

abundance of potent antioxidative phytochemicals and 

nutrients recorded in parts of the C. papaya plant. These 

include alkaloids, flavonoids, phenolics, tannins, 

saponins, anthraquinones, terpenoids, papain, cystatin, 

cyanogenic glucosides, glucosinolates, vitamin A, 

vitamin C, vitamin E, minerals, and pantothenic acids, 

which can boost the total antioxidant power in the blood 

and reduce lipid peroxidation levels [27,28] Furthermore, 

the reducing and free radical scavenging properties of the 

C. papaya extracts have been linked to the bioactivities 

for hepatocellular protection [29,30]. 

Histological examination of liver tissue in rats treated with 

PCM alone expressed marked hepatocellular necrosis, fatty 

cell accumulation, inflammatory cell infiltration and other 

manifestations that are consistent with the alteration in 

serum liver enzymes, but were markedly reduced upon co-

treatment with leaf and fruit extracts of C. papaya with the 

most significant restoration observed in the groups treated 

with 400 mg/kg of both the leaf and fruit extracts, in  

compliance with Awodele et al [5]. 

Conclusions 

The results obtained from the biochemical analyses and 

confirmed by the histopathological examination revealed 

that the hydroethanol leaf and aqueous unripe fruit 

extracts of C. papaya showed equivalent antihepatotoxic 

activity against PCM-induced hepatic injury in rats, of 

which bioactive phytochemicals and specific underlying 

mechanisms require further elucidation. 

Limitations 

The study lacked data on the isolation and identification 

of the specific active constituents responsible for the 

antihepatoprotective effect. 
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