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ABSTRACT 
 

Diabetes mellitus (DM) is a global metabolic disorder that leads to various complications, including liver 

dysfunction. Streptozotocin (STZ)-induced diabetes in rats serves as a model to study diabetes-related liver 

injury, often evidenced by elevated liver enzyme levels. This study aimed to investigate the hepatoprotective 

effects of black pepper (Piper nigrum) aqueous extract on liver enzymes in STZ-induced diabetic rats. A 

controlled laboratory-based experimental study was conducted using eighteen male Wistar rats, divided 

into three groups: control (healthy), diabetic (induced by STZ), and black pepper-treated diabetic (50 

mg/kg body weight for 28 days). Diabetes was induced with a single STZ injection (55 mg/kg). Liver 

function markers, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline 

phosphatase (ALP), and gamma-glutamyl transferase (GGT), were assessed, and histological analysis was 

performed on liver tissues. the results showed significant elevations in liver enzyme s were observed in the 

diabetic group compared to the control. Black pepper treatment significantly reduced ALT, AST, ALP, and 

GGT levels, with results showing normalization of liver function markers. Histological analysis revealed 

improved hepatic architecture in the treated group, with reduced signs of cellular stress and damage. Black 

pepper extract demonstrated significant hepatoprotective effects in STZ-induced diabetic rats, potentially 

due to its antioxidant and anti-inflammatory properties. These findings support the potential of black 

pepper as a complementary therapy for managing diabetes-induced liver dysfunction. 
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INTRODUCTION 

Diabetes mellitus (DM) is an increasingly important 

global health issue, currently affecting over 285 

million people around the world. This number is 

projected to rise to 435 million by 2030 (Zhautikova 

et al., 2022). DM is a chronic metabolic disorder 

characterized by elevated blood glucose levels 

resulting from impaired insulin secretion, action, or 

both (Antar et al., 2023; Lu et al., 2024; Popoviciu et 

al., 2023). In addition to its well-known effects on 

carbohydrate metabolism, diabetes has a negative 

impact on several organs, including the liver, which 

plays a crucial role in regulating glucose levels and 

detoxifying the body.  

 

Hyperglycemia related to diabetes has been strongly 

associated with liver dysfunction. This connection 

involves mechanisms such as oxidative stress, 

inflammation, and disturbances in lipid metabolism 

(Ghosh et al., 2015; Mohamed et al., 2016). 

Disruptions in hepatic glucose production are a key 

factor in the pathophysiology of type 2 diabetes 

mellitus (T2DM) (Mori et al., 2022; Solis-Herrera et 

al., 2021). Elevated levels of liver enzymes, including 

alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), alkaline phosphatase (ALP), 

and gamma-glutamyl transferase (GGT), are well-

documented indicators of liver injury in diabetic 

patients (Ashoobi et al., 2024; Thakur et al., 2024). 

Diabetes mellitus is often accompanied by 

dyslipidemia, including elevated cholesterol and 

triglyceride levels, which further burden liver function 

and contribute to hepatic steatosis and inflammation. 

Since the liver is responsible for producing about 80% 

of the body's cholesterol, disturbances in lipid 

metabolism are closely linked to liver enzyme activity 

and diabetic complications (Patandung et al., 2024; 

Valenti et al., 2016). Therefore, developing 

therapeutic strategies to protect liver function is 

essential for managing diabetes and its complications. 

 

In recent years, herbal medicine has received 

considerable attention for its potential role in 

managing diabetes and related liver conditions. 

Medicinal plants are often favored due to their 

availability, lower toxicity, and rich profiles of 

bioactive compounds (Hassan and Fadel, 2023; 

Salehi et al., 2019). One notable example is black 

pepper (Piper nigrum), a common culinary spice that 

has demonstrated promising antidiabetic and liver-

protective properties. The bioactive alkaloid piperine 

is primarily responsible for black pepper's 

pharmacological effects, including enhancement of 

insulin sensitivity, reduction of oxidative stress, and 

inhibition of hepatic inflammation (Balakrishnan et 

al., 2023; Tiwari et al., 2020). 

 

Several preclinical studies have demonstrated that 

black pepper can modulate blood glucose levels and 

improve liver enzyme profiles in diabetic models 

(Dludla et al., 2023; Mugundhan et al., 2024). 

Therefore, the present study was designed to evaluate 

the hepatoprotective effects of black pepper aqueous 

extract in streptozotocin (STZ)-induced diabetic rats, 

using both biochemical markers (ALT, AST, ALP, and 

GGT) and histological analysis to assess structural 

hepatic integrity. This dual-approach investigation 

aims to provide comprehensive insight into the 

therapeutic potential of black pepper as a natural 

adjunct in managing diabetes-induced liver injury. 

 

MATERIALS AND METHODS 

Study design  

A controlled laboratory-based experimental study was 

conducted at the King Fahad Medical Research 

Center (KFMRC), King Abdulaziz University (KAU), 

Jeddah, Saudi Arabia. The study utilized a rodent 

model to investigate the potential hepatoprotective 

effects of black pepper (Piper nigrum) aqueous 

extract in streptozotocin (STZ)-induced diabetic rats. 

Following acclimatization, animals were randomly 

allocated to experimental groups. All procedures were 

performed under established institutional laboratory 

protocols and ethical guidelines. 

 

Animals and experimental groups 

Eighteen adult male Wistar rats (150–200 g) were 

used and housed under standard laboratory 

conditions (22 ± 2°C, 60% humidity, 12-hour 

light/dark cycle), with free access to food and water. 
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After a 7-day acclimatization period, rats were 

randomly assigned to three groups (n = 6 per group): 

1. Group 1 (Control): Healthy rats receiving no 

treatment. 

2. Group 2 (Diabetic): Rats induced with diabetes 

using streptozotocin (STZ). 

3. Group 3 (Black pepper treated): Diabetic rats 

treated with black pepper aqueous extract (50 

mg/kg body weight) orally for 28 days. 

 

Diabetes induction 

Streptozotocin (STZ) [S0130-1G, N-

(Methylnitrosocarbamoyl)-α-D-glucosamine] was 

purchased from Sigma-Aldrich (St. Louis, MO, USA) 

through Alrowad Medical Supplies, a local distributor 

based in Jeddah, Saudi Arabia. The compound was 

freshly dissolved in 0.1 M citrate buffer (pH 4.5) 

immediately before use. 

 

Diabetes was induced in Groups 2 and 3 by a single 

intraperitoneal injection of STZ at a dose of 55 mg/kg 

body weight. After 7 days, fasting blood glucose levels 

were measured using a glucometer, and rats with 

blood glucose levels exceeding 200 mg/dL were 

considered diabetic, as previously described (Clim et 

al., 2024) (Fig. 1). 

 

 

Fig. 1. Scheme showing damage and reduction in β 

cells by STZ (Done by researcher). 

 

Black pepper extract preparation 

Black pepper seeds were purchased from iHerb(USA), 

washed, dried, and ground. An aqueous extract was 

prepared by soaking 100 g of powder in 1,000 mL of 

distilled water for 24 hours, followed by filtration. 

The extract was administered daily to Group 3 via 

oral gavage. 

Sample collection and liver enzyme analysis 

At the end of the experimental period, rats were 

fasted overnight and anesthetized using isoflurane. 

Blood was collected via retro-orbital puncture, 

centrifuged at 3500 rpm for 15 minutes at 4°C, and 

serum was stored at −80°C. 

 

According to the manufacturer's instructions, liver 

function markers, including ALT, AST, ALP, and 

GGT, were analyzed using ELISA kits (Spectrum 

Diagnostics, Egypt) (Fig. 2). 

 

 

Fig. 2. Diabetes induction, dose administration, and 

sample collection 

 

Histological examination 

Following blood collection, animals were 

euthanized, and liver tissue specimens were 

dissected. Organs were immediately fixed in 10% 

neutral buffered formalin, embedded in paraffin, 

and sectioned for histopathological analysis. 

Sections (5 µm thick) were stained with 

hematoxylin and eosin (HandE) and examined 

using a light microscope at the Histology Unit, 

Faculty of Medicine, King Abdulaziz University. 

Histological evaluations were conducted to assess 

structural alterations and potential protective 

effects of black pepper extract on liver tissue. 

 

Statistical analysis 

Data were expressed as mean ± standard error of the 

mean (SEM). Comparisons were made using 

independent samples t-tests between: 

1. Group 1 vs. Group 2: to evaluate liver damage in 

diabetic rats. 

2. Group 2 vs. Group 3: to assess the protective effect 

of black pepper. 
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Before ANOVA, Levene’s test for homogeneity of 

variances was performed. Based on the outcome: 

1. Welch’s ANOVA was applied when variances were 

unequal. 

2. Standard one-way ANOVA was used when the 

assumption was met. 

 

Effect sizes were calculated using Eta-squared and 

Cohen’s d to determine the practical significance of 

group differences. 

 

Statistical significance was set at p ≤ 0.05. Analyses 

were performed using SPSS version 27.0 (IBM Corp., 

Armonk, NY, USA). 

 

Ethics approval  

All animal procedures were conducted following 

institutional guidelines for the care and use of 

laboratory animals. Ethical approval was obtained 

from the Ethics Committee of the Faculty of 

Medicine, King Abdulaziz University, Jeddah, Saudi 

Arabia (Ref No. ACUC-24-09-07, dated September 4, 

2024). Efforts were made to minimize animal 

suffering, and all interventions were carried out 

under professional supervision. 

 

RESULTS 

Inferential statistics 

Inferential analysis revealed statistically significant 

differences among the three groups across all 

measured liver enzyme parameters: alanine 

aminotransferase (ALT), aspartate aminotransferase 

(AST), alkaline phosphatase (ALP), and gamma-

glutamyl transferase (GGT). Descriptive statistics for 

each group are summarized in Table 1. 

 

Levene’s test showed that the assumption of equal 

variances was violated for ALT (p = 0.025) and GGT 

(p = 0.009); thus, Welch’s ANOVA was applied for 

these enzymes. For AST and ALP, the homogeneity 

assumption was met (p > 0.05), and one-way ANOVA 

was used. As shown in Table 2, the differences 

between groups were statistically significant for all 

enzymes (p < 0.001).  

 

Table 1. Descriptive statistics of liver enzyme levels (Mean ± SD, n = 6) 

Enzyme Group Mean ± SD Min – Max 95% CI 

ALT Control 13.67 ± 1.35 11.9–15.6 12.25 – 15.08 

Diabetic 17.75 ± 4.52 12.5–24.4 13.01 – 22.49 
Treated 65.52 ± 8.43 53.0–77.0 56.67 – 74.36 

AST Control 17.20 ± 2.33 14.6–21.0 14.75 – 19.65 
Diabetic 24.82 ± 8.31 16.0–38.2 16.09 – 33.54 

Treated 85.60 ± 8.75 70.0–97.0 76.42 – 94.78 
ALP Control 44.67 ± 5.13 40–54 39.29 – 50.05 

Diabetic 43.93 ± 3.91 40–50 39.83 – 48.04 
Treated 139.00 ± 9.12 124–147 129.43 – 148.57 

GGT Control 14.90 ± 1.86 12.5–17.4 12.94 – 16.86 
Diabetic 16.20 ± 1.15 14.5–17.1 15.00 – 17.40 
Treated 46.53 ± 6.70 35.9–54.0 39.50 – 53.56 

 

Table 2. ANOVA and Levene’s test results with effect sizes 

Enzyme Levene’s p ANOVA method F value p-value Eta² (Effect size) 

ALT 0.025 Welch ANOVA 160.45 <0.001 0.955 

AST 0.193 One-way ANOVA 167.44 <0.001 0.957 
ALP 0.085 One-way ANOVA 431.27 <0.001 0.983 
GGT 0.009 Welch ANOVA 116.11 <0.001 0.939 

 

The effect sizes (Eta-squared) ranged from 0.939 to 

0.983, indicating a large practical significance of group 

differences. These results suggest that streptozotocin-

induced diabetes significantly altered liver enzyme levels 

and that the black pepper extract treatment partially 

ameliorated these effects in the treated group. 

Comparison between the healthy control and 

diabetic group 

Independent samples t-tests were conducted to 

compare liver enzyme levels between the healthy 

control group and the diabetic group. The results 

revealed a statistically significant increase in all 
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measured enzymes in the diabetic group, indicating 

notable hepatic dysfunction (Table 3). 

 

All enzymes were significantly elevated in the diabetic 

group (p < 0.001), with very large effect sizes (Cohen’s d 

> 4), indicating substantial liver injury (Fig. 3). 

 

 

Fig. 3. Comparison of liver enzyme levels between the 

control and diabetic groups. All enzymes show 

significant elevations in the diabetic group (p < 0.001). 

 

These findings confirm that diabetes induces 

substantial liver enzyme elevations, reflective of 

hepatocellular injury and dysfunction. 

 

Comparison between the diabetic group and 

black pepper-treated group 

Independent samples t-tests revealed significant 

reductions in liver enzyme levels in the black pepper-

treated group compared to the untreated diabetic 

group. The treatment with black pepper was 

associated with substantial normalization of liver 

function markers. 

 

The black pepper-treated group showed significantly 

lower liver enzyme levels compared to the diabetic 

group (p < 0.001), with large effect sizes (Cohen’s d > 

4), indicating a strong normalization of liver 

biomarkers following treatment (Table 4, Fig. 4). 

Table 3. Comparison of liver enzyme levels between healthy controls and diabetic groups 

Enzyme Group 1 (Healthy control) 
Mean ± SD 

Group 2 (Diabetic) 
Mean ± SD 

t (df) p-value Cohen’s d 

ALT 17.75 ± 4.52 65.52 ± 8.43 -12.24 (10) < 0.001 6.76 
AST 24.82 ± 8.31 85.60 ± 8.75 -12.34 (10) < 0.001 8.53 

ALP 43.93 ± 3.91 139.00 ± 9.12 -23.46 (10) < 0.001 7.02 
GGT 16.20 ± 1.15 46.53 ± 6.70 -10.93 (10) < 0.001 4.81 

 

Table 4. Comparison of liver enzyme levels between diabetic and black pepper-treated groups 

Enzyme Group 2 (Diabetic) 
Mean ± SD 

Group 3 (Black pepper 
treated) Mean ± SD 

t (df) p-value Cohen’s d 

ALT 65.52 ± 8.43 13.67 ± 1.35 14.88 (10) < 0.001 6.03 

AST 85.60 ± 8.75 17.20 ± 2.33 18.51 (10) < 0.001 6.40 
ALP 139.00 ± 9.12 44.67 ± 5.13 22.09 (10) < 0.001 7.40 
GGT 46.53 ± 6.70 14.90 ± 1.86 11.14 (10) < 0.001 4.92 

 

Histological findings 

Microscopic examination of liver sections stained with 

hematoxylin and eosin (HandE) provided supportive 

evidence for the biochemical findings (Fig. 5). 

 

Group 1 (Control): Liver sections displayed normal 

hepatic architecture with well-organized hepatocyte 

cords radiating from a central vein. Sinusoids 

appeared open and regular, and hepatocytes exhibited 

normal polygonal shapes and vesicular nuclei without 

signs of cytoplasmic vacuolation or inflammation. 

 

Group 2 (Diabetic Control): Moderate distortion of 

lobular structure was observed. Hepatocyte cords 

were disorganized, and sinusoidal dilatation was 

evident. Hepatocytes near the central vein exhibited 

mild cytoplasmic vacuolation and occasional nuclear 

condensation, indicative of early cellular stress and 

hepatocellular injury. 

 

Group 3 (Black pepper treated): Liver histology 

revealed marked improvement in structural integrity 

compared to the diabetic group. Hepatocyte cords 

were better organized, sinusoidal spaces were more 

regular, and cytoplasmic vacuolation was minimal. 

The architecture was largely preserved, suggesting a 

protective effect of black pepper against STZ-induced 

hepatic damage. 
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Fig. 4. Comparison of liver enzyme levels between 

diabetic and treated groups. Significant reductions 

were observed in all enzymes after treatment with 

black pepper (p < 0.001) 

 

 

Fig. 5. Histological examination of liver tissue (H&E 

staining, ×40 and ×100 magnifications) 

 

These histological findings reinforce the biochemical 

results, demonstrating that black pepper extract exerts a 

notable hepatoprotective effect in STZ-induced diabetic 

rats by restoring liver tissue architecture and reducing 

histological markers of damage. 

  

DISCUSSION 

This study investigated the hepatoprotective effects of 

black pepper (Piper nigrum) aqueous extract in 

streptozotocin (STZ)-induced diabetic rats, focusing 

on both biochemical liver enzyme markers (ALT, AST, 

ALP, and GGT) and histopathological changes. 

 

The results demonstrated that diabetes significantly 

elevated the serum levels of all tested liver enzymes 

compared to healthy controls. Specifically, diabetic 

rats exhibited marked increases in ALT, AST, ALP, 

and GGT, well-known biomarkers of hepatic injury. 

These findings are consistent with prior research 

indicating that STZ-induced hyperglycemia leads to 

hepatocellular damage and altered membrane 

permeability, resulting in enzyme leakage into the 

bloodstream (Ghosh et al., 2015; Lateef et al., 2024; 

Samy et al., 2023). 

 

ALT and AST are key indicators of hepatic 

parenchymal injury, while ALP and GGT are 

primarily associated with cholestasis or biliary 

obstruction (Lee et al., 2023; Thakur et al., 2024). 

The observed elevation in these enzymes among 

diabetic rats suggests not only cellular damage in 

hepatocytes but also potential biliary dysfunction. 

Previous studies have confirmed the role of oxidative 

stress and inflammation in diabetes-induced liver 

injury (Mohamed et al., 2016; Weinberg Sibony et al., 

2024), which supports the findings of elevated liver 

enzyme activity in the diabetic group. 

 

Histological findings complemented the biochemical 

results. Diabetic rats exhibited disorganized hepatic 

cords, sinusoidal dilatation, and signs of cellular 

stress, including cytoplasmic vacuolation and nuclear 

condensation. These structural changes reflect early 

stages of diabetic liver injury and are in line with 

reported histopathological features of STZ-induced 

hepatotoxicity (Abuduyimiti et al., 2024; Mahfoz and 

Gawish, 2022). 

 

Importantly, oral administration of black pepper extract 

for 28 days significantly attenuated these pathological 

elevations. Rats treated with black pepper showed 

enzyme levels that were statistically and biologically 

closer to those of the healthy control group, indicating a 

restorative and protective effect. These effects may be 

attributed to the antioxidant and anti-inflammatory 

properties of piperine, the primary active alkaloid in 

black pepper, which has been shown to modulate 

oxidative stress, enhance antioxidant defense systems, 

and reduce hepatic inflammation (Balakrishnan et al., 

2023; Kumar et al., 2015; Tiwari et al., 2020). 
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The significant reductions in ALT and AST suggest 

that black pepper exerts a protective effect on 

hepatocytes, while the normalization of ALP and 

GGT further indicates improved biliary function. 

These results are supported by studies showing 

that piperine enhances hepatic glutathione levels, 

inhibits lipid peroxidation, and restores enzyme 

activity in diabetic models (Arcaro et al., 2014; 

Choi et al., 2013). 

 

Furthermore, the large effect sizes observed in the 

statistical analysis (Cohen’s d > 4 for all comparisons) 

provide strong evidence of the clinical relevance and 

robustness of the findings. Notably, the use of both 

Welch’s ANOVA and t-tests with Levene’s correction 

ensured statistical rigor despite heterogeneity of 

variances in some parameters. 

 

Moreover, histological examination confirmed the 

protective role of black pepper. In treated rats, liver 

architecture was preserved, with improved hepatocyte 

morphology and reduced cytoplasmic vacuolation 

compared to untreated diabetic animals. Sinusoidal 

structure and central vein morphology were also more 

regular. This structural normalization supports the 

biochemical evidence of hepatic protection and 

highlights black pepper’s role in enzyme modulation 

and in maintaining tissue integrity. 

 

Several previous studies have similarly reported 

improvements in liver function markers following 

administration of piperine or black pepper extract in 

diabetic or high-fat diet models (Dludla et al., 2023; 

Obia and Emmanuel, 2025; Zuvairiya et al., 2024). 

However, the current study advances this knowledge 

by demonstrating both quantitative enzyme 

normalization and qualitative histological recovery, 

supported by robust statistical analysis. The 

alignment of biochemical and histological findings 

offers powerful corroboration, enhancing the overall 

validity of the results. 

 

CONCLUSION 

The aqueous extract of black pepper significantly 

reduced elevated liver enzyme levels in STZ-induced 

diabetic rats, indicating a potent hepatoprotective 

effect. This protective benefit is likely attributed to 

the antioxidant and anti-inflammatory properties of 

piperine, the active compound in black pepper. 

Furthermore, histological findings corroborate the 

biochemical data, showing the restoration of liver 

architecture and a reduction in signs of hepatocellular 

damage in treated animals. These findings provide 

robust evidence supporting the potential use of black 

pepper as a complementary therapy for liver 

complications associated with diabetes, highlighting 

its therapeutic promise for improving liver function 

and mitigating diabetic-induced hepatic damage. 

 

RECOMMENDATION(S) 

Future research should expand on this study by 

exploring different doses and durations of black 

pepper extract to identify optimal therapeutic 

levels and duration, while isolating and 

characterizing its active compounds, particularly 

piperine and related phytochemicals, to better 

understand their specific mechanisms. Molecular 

investigations assessing oxidative stress and 

inflammatory markers would help clarify the 

biochemical pathways involved, and histochemical 

or ultrastructural analyses could reveal deeper 

cellular restoration effects. Comparative studies 

with standard hepatoprotective or antidiabetic 

drugs, along with toxicological and 

pharmacokinetic evaluations, are essential to 

confirm safety and efficacy. Translational research, 

including clinical trials, should be pursued to 

validate these findings in humans. Additionally, 

examining synergistic combinations with other 

natural antioxidants and assessing effects on other 

diabetes-affected organs could broaden therapeutic 

potential and establish black pepper as a promising 

complementary treatment for diabetic liver 

dysfunction. 
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