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ABSTRACT 

This study investigates the antioxidant-mediated hepatoprotective effects of 

ethanolic extract of Carica papaya leaves (EECP) in streptozotocin (STZ)-

induced diabetic Wistar rats. Forty male albino Wistar rats were randomized into 

five groups (n = 8): normal control, STZ-induced diabetic, STZ + metformin 

(500 mg/kg), STZ + EECP (200 mg/kg), and STZ + EECP (400 mg/kg). Diabetes 

was induced with a single intraperitoneal injection of STZ (50 mg/kg). EECP or 

metformin was administered daily for 21 days. Fasting blood glucose (FBG), 

body weight, liver function markers (ALT, AST, ALP, total protein, albumin, 

bilirubin), antioxidant biomarkers (SOD, CAT, GSH, MDA), and liver 

histopathology were assessed. EECP mitigated STZ-induced weight loss, 

hyperglycaemia, and hepatic dysfunction in a dose-dependent manner. The 200 

and 400 mg/kg EECP treatments notably reduced FBG levels (to 7.04 ± 1.42 

mmol/L and 8.61 ± 1.52 mmol/L, respectively) compared to diabetic controls 

(15.37 ± 0.44 mmol/L, p < 0.05). EECP also significantly restored liver enzyme 

activities—especially at 400 mg/kg—reducing AST (79.68 ± 4.78 U/L) and ALT 

(39.50 ± 7.12 U/L) towards normal levels. Hepatic antioxidant status was 

markedly improved, with elevated SOD (78.41 ± 2.74 u/mL), CAT (41.07 ± 1.47 

u/mg Protein), and GSH (6.75 ± 0.58 mM), and reduced MDA levels (8.31 ± 

0.74 uM) in treated groups. Histological evaluation confirmed preservation of 

liver architecture and reduced inflammatory infiltration in EECP-treated rats. 

Crude ethanolic extract of Carica papaya leaves confers hepatoprotective and 

antioxidant effects in diabetic rats, via mitigation of oxidative stress and 

restoration of hepatic function. 

 
 

INTRODUCTION 

Diabetes mellitus (DM) is a long-term metabolic 

condition marked by sustained elevation of blood glucose 

levels, which may result from deficient insulin 

production, resistance to insulin activity, or a 

combination of both mechanisms (Alam et al., 2021). 

Type 1 diabetes mellitus (T1DM) primarily develops due 

to autoimmune destruction of pancreatic β-cells, while 

Type 2 diabetes mellitus (T2DM), the more common 

variant, is mainly associated with insulin resistance and 

progressive impairment of β-cell function (Kumar et al., 

2020). Given its fundamental role in regulating 

carbohydrate and lipid metabolism, the liver is highly 

susceptible to diverse systemic complications linked to 

both forms of diabetes (Dilworth et al., 2021).  

 

 

 

 

 

 

The 10th edition of the International Diabetes Federation 

(IDF) Diabetes Atlas reports that an estimated 537 million 

adults worldwide are currently living with diabetes, a 

number projected to increase to 643 million by 2030 and 

further to 784 million by 2045 (Saeedi et al., 2019). 

Notably, the majority of cases (81%) occur in low- and 

middle-income countries, where the prevalence of 

underdiagnosis, approximately 44%, intensifies the 

health burden, particularly in resource-constrained 

regions (Patel, 2023). In Nigeria alone, more than 3.6 

million individuals were affected in 2021, with diabetes 

accounting for about 48,375 deaths during the same year 

(Orji et al., 2024). 
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Oxidative stress, characterized by excessive generation of 

reactive oxygen species (ROS) that surpass the capacity 

of antioxidant defense mechanisms, is recognized as a 

key pathophysiological driver of diabetic complications, 

particularly within the liver. This has stimulated 

increasing research into therapeutic agents with 

antioxidant properties. Carica papaya (C. papaya), a 

tropical plant belonging to the family Caricaceae, has a 

long history of use in traditional medicine for the 

management of diabetes, liver disorders, and 

inflammatory conditions (Alara et al., 2022; Kong et al., 

2021; Singh et al., 2020). Its leaves contain diverse 

bioactive phytochemicals, such as flavonoids, alkaloids, 

tannins, phenolic compounds, and saponins, many of 

which exhibit potent antioxidant and anti-inflammatory 

activities (Ogidi et al., 2022; Shoyshob et al., 2024; Singh 

et al., 2020). Evidence from preclinical studies further 

highlights the antidiabetic, hepatoprotective, and anti-

inflammatory potential of C. papaya leaf extracts (Idu et 

al., 2024; Li et al., 2023). Nonetheless, the majority of 

existing research has concentrated on glycaemic 

regulation, with comparatively limited attention directed 

toward hepatic outcomes in diabetic conditions. 

Despite these findings, the specific mechanisms by which 

C. papaya leaf extracts exert hepatoprotective effects, 

particularly through antioxidant-mediated pathways, 

remain insufficiently explored. This represents a 

significant gap, given that oxidative stress is a key driver 

of liver injury in diabetes. Addressing this gap could 

enhance our understanding of plant-based interventions 

in managing diabetic liver complications. Accordingly, 

the present study aims to evaluate the hepatoprotective 

potential of crude ethanolic extracts of Carica papaya 

leaves, with a particular focus on their antioxidant-

mediated mechanisms, in streptozotocin (STZ)-induced 

diabetic Wistar rats. 

 

 

MATERIALS AND METHODS 

 

Experimental Animals 

Male albino Wistar rats, 10 to 12 weeks old and weighing 

200 to 250 g, were obtained from the Animal House of 

the Faculty of Basic Medical Sciences, University of 

Ibadan, Nigeria. The animals were maintained in stainless 

steel cages (eight rats per cage) under standard laboratory 

conditions, including adequate ventilation, a controlled 

temperature of 25 to 28 °C, and a 12-hour light/dark 

cycle, at the Animal Care Unit, Faculty of Basic Medical 

Sciences, Bingham University, Karu, Nasarawa State, 

Nigeria. During the study period, the rats had ad libitum 

access to a standard rodent diet and clean water. A one-

week acclimatization period was observed before the 

commencement of the experimental procedures. All 

animal handling and experimental protocols complied 

with the National Institutes of Health Guide for the Care 

and Use of Laboratory Animals (NIH Publication No. 85-

23) and received approval from the Institutional Animal 

Ethics Committee (Reg. No. 

NHREC/21/05/2005/01523). 

Collection and Extraction of Plant Material 

Fresh leaves of Carica papaya were collected from the 

Forestry Research Institute of Nigeria (FRIN), Ibadan, 

and taxonomically authenticated by a plant taxonomist in 

the Department of Botany, Bingham University, Karu, 

Nasarawa State, Nigeria. A voucher specimen (FHI 

1142134) was deposited in the departmental herbarium 

for reference purposes. The leaves were air-dried, 

pulverized into fine powder, and subjected to extraction 

using 96% ethanol (v/v) in a Soxhlet apparatus. The 

resulting extract was concentrated under reduced pressure 

at 40 °C with a rotary evaporator, yielding 10.5%. The 

crude ethanolic extract obtained was stored in an airtight 

container at 4 °C until further use in experimental 

procedures. 

Induction of Diabetes Mellitus 

The animals were divided into two groups: a non-diabetic 

control group and an experimental group designated for 

diabetes induction with streptozotocin (STZ). Diabetes 

induction was carried out according to the protocol 

described by Alhindi (2022). Prior to STZ administration, 

the experimental rats were pretreated with nicotinamide 

(Merck KGaA, Darmstadt, Germany). STZ was freshly 

dissolved in 0.1 M citrate buffer (pH 4.5) and 

administered as a single intraperitoneal injection at a dose 

of 50 mg/kg body weight. To prevent mortality from 

acute hypoglycemia, the STZ-injected rats were supplied 

with 5% glucose solution for 24 hours post-injection. 

After 72 hours, fasting blood glucose (FBG) levels were 

determined from blood samples collected via the retro-

orbital plexus, using a glucometer (OneTouch Select 

Plus, LifeScan, USA). Rats with FBG values greater than 

200 mg/dL were classified as diabetic and enrolled into 

the treatment protocol, which commenced four days after 

induction. 

Experimental Design 

Forty male rats were randomly allocated into two main 

groups. The first group (n = 8) served as the control rats, 

while the second group (n = 32) comprised the 

experimental cohort designated for induction of diabetes 

via STZ. The antidiabetic and hypolipidemic effects of 

the ethanolic extract of C. papaya (EECP) leaves were 

evaluated at doses of 200 mg/kg and 400 mg/kg in a 

diabetic rat model over a 21-day treatment period. The 

experimental group was further subdivided into four 

treatment subgroups. Group 2 (STZ), serving as the 

positive control, received a single intraperitoneal 

injection of STZ at a dose of 50 mg/kg to induce diabetes. 

Group 3 (STZ + MET), designated as the standard 

treatment group, received STZ (50 mg/kg, i.p.) followed 

by oral administration of metformin (MET) at a dose of 

500 mg/kg body weight per day, in accordance with the 
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protocol described by Iwara et al. (2025), and calculated 

based on the Reagan-Shaw et al. (2008) dosage 

conversion formula. Group 4 (STZ + EECP200) received 

200 mg/kg/day of C. papaya ethanolic extract orally, 

while Group 5 (STZ + EECP400) received 400 

mg/kg/day of the same extract orally throughout the 21-

day experimental period. 

The selected doses of crude EECP leaf extract used in the 

current study were considered safe and required no 

further toxicity assessment, as they were well below the 

established recommended range of 2000 to 5000 mg/kg 

for rats (Adewuyi et al., 2024). Specifically, doses of 200 

and 400 mg/kg were adopted, aligning with 

concentrations previously demonstrated to be effective in 

related studies (Kebebew & Shibeshi, 2013). For 

comparison, Naggayi et al. (2015) utilized a dose of 500 

mg/kg and evaluated its effects relative to a higher dose 

of 700 mg/kg. 

Weight measurements 

 Weekly body weight was measured for each rat, and 

cumulative weight gain was calculated as: Cumulative 

weight gain (g) = Final body weight (g) − Initial body 

weight (g) 

 Blood collection 

At the end of the experimental period, rats were 

anesthetized, and blood was collected from the jugular 

vein. Samples were centrifuged at 4000 rpm for 30 

minutes at 10 °C, and the separated serum was stored at –

18 °C until analysis. 

Determination of FBG 

Fasting blood glucose (FBG) levels (mg/dL) were 

determined using an enzymatic colorimetric assay kit 

based on the glucose oxidase–peroxidase (GOD-PAP) 

method, following the procedure of Dominguez et al. 

(2017). 

Determination of liver functions 

Serum markers of hepatic function, including alanine 

aminotransferase (ALT, U/L), aspartate aminotransferase 

(AST, U/L), alkaline phosphatase (ALP, U/L), total and 

direct bilirubin (mg/dL), total protein (g/dL), and albumin 

(g/dL), were measured using commercial diagnostic kits, 

following the manufacturer’s instructions. 

Oxidative stress biomarkers 

Superoxide dismutase (SOD, U/L) activity was 

determined using a commercial assay kit according to the 

method of Giannopolitis and Ries (1977). Catalase (CAT, 

U/L) activity was evaluated with a CAT assay kit based 

on the protocol described by Aebi (1984). Reduced 

glutathione (GSH, g/dL) levels were quantified using a 

colorimetric assay kit following the procedure of Beutler 

et al. (1963). Lipid peroxidation, expressed as 

malondialdehyde (MDA, nmol/mL), was measured using 

a colorimetric assay kit in line with the method of 

Ohkawa et al. (1979). All oxidative stress parameters 

were assessed with an automated biochemical analyzer 

(Mindray BS-240, Shenzhen Mindray Bio-Medical 

Electronics Co., Ltd., China). 

Histopathological Examination 

Portions of liver tissue from each experimental group 

were excised and prepared for light microscopic 

evaluation. Samples were fixed in 10% neutral buffered 

formalin, dehydrated through graded concentrations of 

ethanol, cleared in benzene, and subsequently infiltrated 

and embedded in paraffin wax. The paraffin-embedded 

blocks were mounted on wooden holders and trimmed to 

an initial thickness of 20 µm. Serial sections of 7 µm were 

obtained using a rotary microtome and stained with 

hematoxylin and eosin (H&E) for histological 

assessment. Photomicrographs were captured with a 5-

megapixel AmScope digital camera attached to an 

Olympus light microscope. 

Statistical Analysis 

Data were analyzed using the SPSS, version 22.0 for 

Windows (IBM Corp., Houston, Texas, USA). Results 

were expressed as mean ± standard error of the mean 

(SEM). The Shapiro–Wilk test was applied to evaluate 

data normality, and Levene’s test was used to confirm 

homogeneity of variances. Group comparisons were 

performed using one-way analysis of variance 

(ANOVA), followed by Tukey’s post hoc test for 

multiple comparisons. Statistical significance was 

established at p < 0.05. 

 

RESULTS AND DISCUSSION 

Table 1 presents the cumulative changes in body weight 

of STZ-induced diabetic Wistar rats treated with crude 

EECP leaves. Rats in the normal control group showed a 

progressive increase in body weight, reflecting normal 

growth, whereas the untreated diabetic group (STZ) 

exhibited significant (p<0.05) and persistent weight loss 

throughout the study duration. Treatment with metformin 

(STZ + MET) attenuated this weight loss, leading to a 

gradual recovery in body mass from −1.92 ± 1.92 g (Day 

7) to a net gain of 1.74 ± 2.89 g (Day 21), with significant 

(p < 0.05) improvement compared to the STZ group. 

Likewise, administration of C. papaya at 200 mg/kg 

resulted in progressive weight gains while the 400 mg/kg 

dose produced slightly higher improvements, with both 

treatment groups showing statistically significant 

(p < 0.05) differences compared to the STZ group. 

Additionally, the 400 mg/kg group showed a significant 

(p < 0.05) increase between Day 7 and Day 21, suggesting 

a dose-dependent amelioration of STZ-induced catabolic 

weight loss. 

 

 

 

 

 

 

33 



 
Antioxidant-Mediated Hepatoprotective … Adebayo et al. 

 

 

JOBASR2025 3(5): 31-40 

 

   

Table 1: Effect of ethanolic extracts of C. papaya leaf on change in body weight 

 Cumulative weight change (g) 

Day 7 Day 14 Day 21 

Control 5.62 ± 0.43 10.95 ± 2.10 18.74 ± 2.33+ 

STZ −7.14 ± 2.78* −11.87 ± 3.45* −13.95 ± 3.86*+ 

STZ + MET −1.92 ± 1.92*a 0.62 ± 2.66*a 1.74 ± 2.89*a 

STZ + EECP200 1.28 ± 1.44a 3.74 ± 1.58*a 5.93 ± 2.19*a 

STZ + EECP400 0.94 ± 1.76*a 2.41 ± 2.63*a 7.82 ± 4.76*a+ 

Data are presented as mean ± SEM, with eight rats per 

group (n = 8). Statistical significance was considered at 

*p < 0.05 when compared with the normal control group. 
ap < 0.05, compared to STZ group. bp < 0.05, compared to 

normal control group. +p < 0.05, compared to Day 7. STZ- 

Streptozotocin, MET - Metformin, EECP- ethanolic 

extract of C. papaya.  

 

Table 2 summarizes the effects of EECP on fasting blood 

glucose levels in STZ-induced diabetic rats. All diabetic 

groups showed significantly elevated glucose levels at 

baseline compared to controls (p < 0.05), confirming 

hyperglycaemia. Glucose levels in the control group 

remained stable, while the STZ-only group maintained 

persistently high levels throughout. Metformin treatment 

significantly (p < 0.05) reduced glucose from Day 14 

onward, reaching 10.33 ± 0.72 mmol/L by Day 21. EECP 

at 200 mg/kg produced a more pronounced reduction to 

7.04 ± 1.42 mmol/L, while the 400 mg/kg dose lowered 

levels to 8.61 ± 1.52 mmol/L by Day 21. Both doses 

significantly (p < 0.05) improved glycaemic control in a 

time-dependent manner, with the 200 mg/kg dose 

showing a slightly stronger effect. 

 

 

Table 2: Effect of ethanolic extracts of C. papaya leaf on fasting glucose level 

 

 Fasting Glucose level (mmol/L) 

 Day 0 Day 7 Day 14 Day 21 

Control 5.61 ± 0.18 4.77 ± 0.17 4.72 ± 0.23 4.68 ± 0.25 

STZ 14.82 ± 0.51* 14.95 ± 0.39* 15.91 ± 0.53* 15.37 ± 0.44* 

STZ + MET 14.63 ± 0.30* 13.05 ± 0.85* 12.10 ± 0.20*a 10.33 ± 0.72*+ 

STZ + EECP200 13.76 ± 0.24* 12.18 ± 0.31* 9.48 ± 0.33*ab+ 7.04 ± 1.42a+ 

STZ + EECP400 13.29 ± 0.39*ab 10.18 ± 0.27*ab 9.37 ± 0.22*ab+ 8.61 ± 1.52a+ 

Data are presented as mean ± SEM, with eight rats per 

group (n = 8). Statistical significance was considered at 

*p < 0.05, compared to normal control group. ap < 0.05, 

compared to STZ group. bp < 0.05, compared to normal 

control group. +p < 0.05, compared to Day 0. STZ- 

Streptozotocin, MET - Metformin, EECP- ethanolic 

extract of C. papaya.  

 

Table 3 summarizes the effects of EECP leaves on liver 

function enzymes such as AST, ALT, and ALP, in STZ-

induced diabetic Wistar rats. In the normal control group, 

liver enzyme levels remained within physiological limits 

indicating normal hepatic function. In contrast, STZ-

induced diabetic rats exhibited a significant elevation in 

all three liver enzymes compared to the control group 

(p < 0.05), with AST increasing to 166.18 ± 3.99 U/L, 

ALT to 93.10 ± 7.27 U/L, and ALP to 97.20 ± 3.80 U/L, 

reflecting hepatic injury and dysfunction associated with 

hyperglycaemia-induced oxidative stress. Treatment with 

metformin partially restored hepatic enzyme levels, 

though values remained elevated compared to controls. 

EECP administration produced a dose-dependent 

hepatoprotective effect. At 200 mg/kg, EECP 

significantly (p < 0.05) reduced AST and ALT, though 

ALP levels remained elevated. More notably, the 400 

mg/kg EECP group showed near-normalization of 

enzyme activities, with AST and ALT significantly 

(p < 0.05) reduced, and ALP declining closer to the 

control values and significantly (p < 0.05) lower than the 

STZ group. 
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Table 3: Effect of ethanolic extracts of C. papaya leaf on liver function enzymes on rats 

 AST (U/L) ALT (U/L) ALP (U/L) 

Control 72.89 ± 8.94 33.53 ± .32 62.84 ± 11.78 

STZ 166.18 ± 3.99* 93.10 ± 7.27* 97.20 ± 3.80* 

STZ + MET 107.19 ± 4.95*ab 76.22 ± 7.90* 79.79 ± 9.78 

STZ + EECP200 99.95 ± 3.08*a 51.83 ± 3.19*ab 80.28 ± 3.87 

STZ + EECP400 79.68 ± 4.78a 39.50 ± 7.12ab 53.32 ± 7.09 

Data are presented as mean ± SEM, with eight rats per 

group (n = 8). Statistical significance was considered at 

*p < 0.05, compared to normal control group. ap < 0.05, 

compared to STZ group. bp < 0.05, compared to normal 

control group. STZ- Streptozotocin, MET - Metformin, 

EECP- ethanolic extract of C. papaya. AST - Aspartate 

aminotransferase. ALT - Alanine aminotransferase. ALP 

– Alkaline phosphatase 

 

Table 4 illustrates the effects of EECP leaves on liver 

function status in STZ-induced diabetic Wistar rats, based 

on markers such as total protein (TP), direct bilirubin 

(DB), total bilirubin (TB), and albumin levels. STZ-

induced diabetic rats experienced significant (p < 0.05) 

liver dysfunction, with reduced TP and albumin levels, 

and elevated direct (DB) and total bilirubin (TB) 

compared to controls. Metformin treatment improved 

these markers but did not fully restore them. EECP at 200 

mg/kg significantly increased TP (94.00 ± 2.32 g/L), 

reduced DB and TB, and improved albumin (3.76 ± 0.28 

g/dL), surpassing control values in TP. The 400 mg/kg 

dose also restored liver function, normalizing DB and TB 

and improving TP and albumin levels (p < 0.05), 

confirming a dose-dependent hepatoprotective effect. 

 

Table 4: Effect of ethanolic extract of C. papaya leaf on liver function status on rats

  

 TP (g/L) DB (umol/L) TB (umol/L) Albumin (g/dL) 

Control 71.29 ± 4.90 3.68 ± 0.74 12.78 ± 2.62 4.73 ± 0.51 

STZ 38.10 ± 4.66* 8.79 ± 0.65* 30.32 ± 2.45* 2.43 ± 0.23* 

STZ + MET 60.43 ± 0.94a 1.62 ± 0.21*a 13.98 ± 1.28*a 4.08 ± 0.46a 

STZ + EECP200 94.00 ± 2.32*ab 2.81 ± 0.34a 11.44 ± 0.75*a 3.76 ± 0.28a 

STZ + EECP400 79.09 ± 6.27a 1.39 ± 0.55*a 9.24 ± 1.14*ab 4.44 ± 0.47a 

Data are presented as mean ± SEM, with eight rats per 

group (n = 8). Statistical significance was considered at 

*p < 0.05, compared to normal control group. ap < 0.05,  

compared to STZ group. bp < 0.05, compared to normal 

control group. STZ- Streptozotocin, MET - Metformin, 

EECP- ethanolic extract of C. papaya. TP- total protein, 

DB-direct bilirubin, TB-total bilirubin.  

 

Table 5 presents the effects of EECP leaves on hepatic 

antioxidant enzyme activities and oxidative stress marker 

STZ-induced diabetic Wistar rats. STZ group showed 

significant (p < 0.05) oxidative damage, as evidenced by 

a sharp decline in SOD (52.16 ± 1.37 u/mL), CAT 

(33.04 ± 1.23 u/mg), and GSH (1.41 ± 0.16 mM), 

alongside a marked elevation in MDA (20.92 ± 0.74 µM) 

compared to control. Metformin treatment partially 

restored redox balance, significantly (p<0.05) improving 

the antioxidant activities of the liver while markedly 

reducing MDA when compared to STZ effect, however 

these changes were not commensurate to control values.  

Similarly, EECP at 200 mg/kg significantly enhanced 

antioxidant enzyme levels and decreased MDA when 

compared to STZ. The 400 mg/kg dose of EECP yielded 

even significant (p < 0.05) improvements, with SOD and 

CAT levels approaching control values, GSH rising to 

6.75 ± 0.58 mM, and MDA moderately reduced. 

 

Table 5: Effect of ethanolic extracts of C. papaya leaf on hepatic antioxidant activities and oxidative stress marker 

 

 SOD (u/mL) CAT (u/mg Protein) GSH (mM) MDA (uM) 

Control 81.24 ± 0.42 44.15 ± 2.41 7.92 ± 1.36 4.88 ± 0.33 

STZ 52.16 ± 1.37* 33.04 ± 1.23* 1.41 ± 0.16* 20.92 ± 0.74* 

STZ + MET 64.33 ± 1.02*a 39.28 ± 0.79a 6.31 ± 0.61a 7.02 ± 0.29a 

STZ + EECP200 69.87 ± 1.05*a 38.33 ± 0.95a 6.04 ± 0.45a 7.44 ± 0.69a 

STZ + EECP400 78.41 ± 2.74ab 41.07 ± 1.47a 6.75 ± 0.58a 8.31 ± 0.74*a 

Data are presented as mean ± SEM, with eight rats per 

group (n = 8). Statistical significance was considered at 

*p < 0.05, compared to normal control group. ap < 0.05, 

compared to STZ group. bp < 0.05, compared to normal 
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control group. STZ- Streptozotocin, MET - Metformin, 

EECP- ethanolic extract of C. papaya. SOD-superoxide 

dismutase, CAT-catalase, GSH-glutathione, MDA-

malondialdehyde 

 

Histological analysis of liver tissues from the control 

group (Figure 1A) revealed moderate portal triaditis 

without evidence of periportal inflammatory cell 

infiltration. The central venule appeared normal, 

hepatocytes exhibited typical morphology, and hepatic 

sinusoids were devoid of inflammatory infiltration. In 

contrast, liver sections from the STZ-induced diabetic 

control group (Figure 1B) demonstrated severe portal 

triaditis characterized by marked infiltration of 

inflammatory cells within the central venule, as well as 

extensive inflammatory infiltration across the liver 

parenchyma and sinusoids, with only a limited number of 

hepatocytes retaining normal architecture. The STZ + 

metformin group (Figure 1C) showed perivascular 

inflammatory cell infiltration, with the majority of 

hepatocytes maintaining normal morphology, although 

isolated hepatocellular necrosis was noted; the sinusoids, 

however, remained unaffected by inflammatory cells, as 

illustrated in Figure 1. Liver tissues from diabetic rats 

treated with 200 mg/kg of crude ethanolic extract of C. 

papaya (Figure 1D) exhibited mild portal triaditis. 

Hepatocytes within most regions of the parenchyma 

retained their morphology, interspersed with areas 

displaying spongy and foamy cytoplasm, while the 

sinusoids showed only mild inflammatory infiltration. 

Notably, the group treated with 400 mg/kg EECP (Figure 

1E) demonstrated largely preserved liver architecture, 

with intact central venules and portal triads, uniformly 

normal hepatocyte morphology, and sinusoids exhibiting 

minimal inflammatory cell infiltration. 

 

 
 

Figure 1: Photomicrograph of liver section stained by H 

& E (x100 magnification). A: Control rat B: STZ-induced 

diabetic rat C: Diabetic rats treated with Metformin D: 

Diabetic rats treated with 200mg/Kg C. papaya E: 

Diabetic rats treated with 400mg/Kg C. papaya. White 

arrow shows normal central venules, and normal portal 

triads (black arrow), the morphology of the hepatocytes 

appear normal (blue arrow), the sinusoids show very mild 

infiltrates. 

This study investigated the antioxidant-mediated 

hepatoprotective effects of EECP leaves in STZ-induced 

diabetic Wistar rats. The results demonstrate that EECP 

significantly improves glycaemic control, restores liver 

function markers, preserves hepatic architecture, and 

mitigates oxidative stress in a dose-dependent manner. At 

400 mg/kg, these effects were comparable to or exceeded 

those of metformin, the standard antidiabetic agent. 

Progressive weight loss is a hallmark of STZ-induced 

diabetes, attributed to insulin deficiency, which triggers 

protein catabolism and lipid mobilization (Bauer et al., 

2023). In this study, EECP, especially at 400 mg/kg, 

significantly attenuated weight loss, reflecting improved 

metabolic regulation.  This change could be as a result of 

the phytochemical catechins present in C. papaya 

(Sharma et al., 2022) which according to Liu et al. (2023) 

improved weight of rats in their study. These results align 

with those of Ajibade et al. (2019), who observed weight 

recovery in diabetic rodents treated with C. papaya. 

However, they differ from Roy et al. (2022), who found 

non-significant changes in weight despite improved 

glycaemia. The disparity likely reflects variations in 

extraction methods, dosage, or treatment duration, 

emphasizing the role of phytochemical composition in 

therapeutic efficacy. 

EECP also produced significant reductions in fasting 

blood glucose, with the 200 mg/kg dose showing superior 

effects by Day 21. This non-linear response suggests a 

hormetic effect, where moderate doses confer greater 

benefit. Loureiro & Martel (2019) reported similar 

findings with plant polyphenols, highlighting optimal 

efficacy at intermediate concentrations due to improved 

bioavailability and reduced metabolic saturation. While 

previous studies have attributed C. papaya’s antidiabetic 

action to enhanced insulin sensitivity and glucose uptake, 

our findings suggest that moderate doses may also offer 

pancreatic β-cell protection via flavonoids (Nyakundi & 

Yang, 2023). Nonetheless, Juárez-Rojop et al. (2012) 

noted that papaya extracts may be insufficient as 

monotherapy for long-term glycaemic control, indicating 

the need for adjunctive strategies. 

In addition to its hypoglycaemic effects, EECP 

demonstrated hepatoprotective properties through 

significant reductions in hepatic enzymes (AST, ALT, 

and ALP) which are elevated during liver injury. The 400 

mg/kg dose restored enzyme levels toward baseline, 

supporting hepatocellular integrity. This effect may be 

attributed to the extract’s antioxidant constituents, which 

reduce lipid peroxidation, stabilize hepatocyte 

membranes, and enhance endogenous detoxification 

pathways. These findings are consistent with Shaban et 

al. (2021), who reported similar enzyme normalization 

with C. papaya in paracetamol-induced hepatotoxicity. 

Comparable outcomes have been documented with other 
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plant-based antioxidants, such as Moringa oleifera and 

Curcuma longa (Ibrahim Salih et al., 2022; Uchio et al., 

2017). However, Idehen et al. (2024) observed limited 

effects with aqueous papaya extracts, suggesting that 

solvent polarity influences the concentration and activity 

of bioactive constituents—ethanolic extraction likely 

yields higher flavonoid and phenolic content. 

Further evidence of hepatoprotection was provided by 

improvements in serum total protein, albumin, and 

bilirubin. EECP reversed hypoalbuminemia and 

hyperbilirubinemia typically associated with diabetic 

liver dysfunction, indicating restored synthetic and 

excretory liver function. These findings are comparable 

to those of Kyei-Barffour et al. (2021), who observed 

enhanced protein synthesis and bilirubin clearance with 

botanical treatments in diabetic models. The notable 

increase in total protein at 200 mg/kg, exceeding control 

levels, may reflect enhanced hepatic biosynthesis or an 

adaptive response to oxidative stress. However, this 

observation requires further investigation to rule out 

overcompensation or stress-induced hepatic remodeling. 

In contrast, Ayeni et al. (2017) found no significant 

bilirubin changes with papaya extract, highlighting the 

influence of extract composition and experimental 

design. 

EECP also restored antioxidant enzyme levels and 

reduced oxidative stress markers. Elevated levels of SOD, 

CAT, and GSH in treated groups, particularly at 400 

mg/kg, indicate restoration of redox balance. 

Simultaneously, EECP significantly reduced MDA, a key 

lipid peroxidation marker, suggesting protection against 

oxidative liver damage. These findings align with those 

of Kumar et al. (2024), who reported that C. papaya 

leaves are rich in flavonoids, tannins, and phenolics 

capable of neutralizing reactive oxygen species. Studies 

by Sharma et al. (2022) and Khor et al. (2021) similarly 

support the role of plant-based antioxidants in modulating 

oxidative and inflammatory mediators. Interestingly, 

while Nxumalo et al. (2024) found increased antioxidant 

enzyme activity with C. papaya, they reported modest 

reductions in MDA levels. In contrast, our study achieved 

a substantial reduction, though not full normalization, 

implying that EECP reduces but may not fully reverse 

oxidative damage within short treatment durations. 

Histological analysis corroborated the biochemical 

findings. EECP-treated liver tissues, especially in the 400 

mg/kg group, exhibited near-normal hepatic architecture 

with minimal inflammatory infiltration and necrosis. 

These morphological improvements support those of 

Ibrahim et al. (2022), who demonstrated hepatocyte 

regeneration following polyphenol-rich treatments. The 

presence of foamy hepatocytes in the 200 mg/kg group 

suggests partial recovery or mild steatosis, possibly 

indicative of early reparative changes (Cichoż-Lach & 

Michalak, 2014). Notably, histological outcomes in the 

EECP group were superior to those in the metformin-

treated group, which exhibited residual necrosis. This 

suggests that beyond glycaemic regulation, C. papaya 

exerts broader protective effects, potentially due to its 

concurrent anti-inflammatory and antioxidant properties 

(Zhang et al., 2010). 

Overall, the findings highlight the multifaceted 

therapeutic potential of EECP in diabetic hepatopathy. 

While metformin primarily targets glycaemic pathways, 

EECP acts on multiple fronts—modulating glucose 

metabolism, preserving liver integrity, and restoring 

antioxidant balance. However, several limitations should 

be acknowledged. The crude extract lacks phytochemical 

standardization, which limits reproducibility and 

precision in dosing. Additionally, the specific molecular 

pathways involved—such as Nrf2, NF-κB, or MAPK 

signaling—were not evaluated, representing a critical gap 

that should be addressed in future mechanistic studies. 

The relatively short treatment duration also restricts 

conclusions about long-term safety and efficacy, 

warranting extended studies.  

CONCLUSION 

This study demonstrates that ethanolic extract of C. 

papaya leaves exerts significant antioxidant-mediated 

hepatoprotective and antidiabetic effects in 

streptozotocin-induced diabetic rats. The leaf extract 

improved glycaemic control, normalized liver enzyme 

levels, enhanced antioxidant defense, and preserved 

hepatic architecture. These findings suggest that C. 

papaya extract may serve as a complementary agent in 

managing diabetic liver complications through its 

integrated effects on metabolism, oxidative stress, and 

tissue repair. However, further research is needed to 

elucidate its molecular mechanisms of action, and 

evaluate long-term efficacy and safety in both preclinical 

and clinical settings. 
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