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ABSTRACT 

 

Background: 1,2-Dimethylhydrazine (DMH) induces pancreatic oxidative 
stress via reactive oxygen species overproduction and antioxidant 
depletion. Given the rich phytochemical and antioxidant properties 
of Vernonia amygdalina, this study investigated its therapeutic effects in 
inhibiting oxidative stress and histopathological damage induced by DMH in 
Wistar rats. 
Methods: Adult male Wistar rats were divided into different groups and 
exposed to DMH via the intraperitoneal route. Animals received oral 
administration of V. amygdalina ethanol extract at low (200 mg/kg) and high 
(400 mg/kg) doses, both before and after DMH exposure. The pancreatic 
tissues were then subjected to biochemical analysis and histopathological 
examination using standardized protocols. 
Results: The administration of V. amygdalina significantly attenuated body 
weight loss in both the pre- and post-treatment groups. Furthermore, it 
significantly improved (p < 0.05) the levels of total protein, amylase, nitric 
oxide, catalase, superoxide dismutase, malondialdehyde, glutathione 
peroxidase, glutathione (GSH), and glutathione reductase and reduced GSH 
percentages compared to the DMH group. The pancreatic tissues from 
DMH-induced rats treated with V. amygdalina showed a significant 
reduction (p < 0.05) in organ weight compared to the DMH group. 
Histological studies revealed the protective and regenerative effects of V. 
amygdalina on pancreatic tissues. 
Conclusion: This study indicates that V. amygdalina can effectively suppress 
irregularities in pancreatic function and oxidative stress induced by DMH 
toxicity due to its antioxidant properties. This observation implies that V. 
amygdalina holds promise as a novel therapeutic strategy for improving 
DMH systemic toxicity in animal models and could serve as a benchmark for 
future clinical trials. DOI: 10.61882/ibj.5354 
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1. INTRODUCTION 

Pancreatic toxicity is the injury and dysfunction of the 

pancreas caused by external factors such as certain 

drugs, chemicals, or toxins. This condition can lead to 
acute or chronic pancreatitis. The damage typically 

arises from the reaction of the body to a toxin or the 

interaction of the toxin and its metabolites with 

pancreatic tissue, resulting in inflammation, necrosis, 

and long-term organ damage[1]. To detect early-stage 

pancreatic injury and develop effective therapeutic 
measures, one should understand the mechanisms 

behind pancreatic injury and identify specific and 
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sensitive biomarkers[2]. 

1,2-dimethylhydrazine (DMH) is a potent colon 

toxicant that induces colorectal tumors in experimental 

animals and serves as a widely used model for 

chemically induced colon toxicity, potentially leading to 

carcinogenesis[3].  

Numerous studies have investigated the toxic effects 

of DMH on various organs, including the colon[4], 

liver[5], kidney[6], and brain[7]; however, there is limited 

information regarding its effect on the pancreas. DMH 

closely resembles human colorectal toxicity, 

particularly in response to certain promotional and 

preventive agents[8]. The models used in DMH toxicity 

studies have been developed to explore the 

pharmacological properties of plant-derived 

components, as they often exhibit similar mechanisms 

of action and pathological changes comparable to those 

observed in humans[9]. 

Medicinal plants have long served as valuable sources 

for drug development in both developing and developed 

countries. There is a growing interest in complementary 

and alternative medicines for treating various acute and 

chronic diseases[10]. Most biologically active 

compounds isolated from natural plant products have 

been recognized as either nontoxic or less toxic to 

normal cells, gaining attention from scientists and 

clinicians in the present drug discovery era[11]. 

Vernonia amygdalina, also known as bitter leaf, is a 

medicinal plant widely used in traditional medicine 

across various parts of Nigeria. The leaves of this plant 

contain numerous bioactive compounds that offer a 

range of potential health benefits[12]. While V. 
amygdalina is rich in biologically active compounds 

that help reduce oxidative stress caused by accumulated 

free radicals[13], there is no evidence supporting its 

remedial effects on systemic toxicity induced by DMH 

in organs such as the pancreas. Hence, this study was 

conducted to investigate the therapeutic potential of V. 

amygdalina in suppressing DMH-induced pancreatic 

toxicity in Wistar rats. 

 

2. MATERIALS AND METHODS 

2.1. Chemicals and reagents  

The chemicals, reagents, and solvents used in this 

study were of analytical grade. They were purchased 

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

Randox Ltd. (UK), and Pyrex Ltd. (Nigeria).  

 

2.2. Preparation of V. amygdalina extract 

Fresh mature leaves of the plant (Fig. S2A) were 

obtained from a vegetable farm in Benin City, Edo State, 

Nigeria. The leaves were identified and authenticated at 

the Herbarium of the Department of Plant Biology and 

Biotechnology at the University of Benin, where they 

were assigned the voucher number UBH-V342. The 

leaves were separated from the stalk, washed (Fig. S2B), 

and air-dried at room temperature (24°C). Once dried, 

they were pulverized, crushed into a fine powder, and 

weighed. The ethanol extract of V. amygdalina leaves 

was prepared by soaking 400 g of the powdered plant 

leaves in 1,000 ml of absolute ethanol at room 

temperature for 72 h. The extract was thereafter filtered 

first through Whatman filter paper no. 42 (125 mm) and 

then through cotton wool. The extract was concentrated 

using a rotary evaporator at 40ºC to one-tenth its original 

volume, and finally further processed with a freeze-

drier. The resulting dried residue was stored at 4ºC. 

Portions of the crude plant extract were weighed, 

dissolved in distilled water, and kept for experimental 

analysis. 

 

2.3. Experimental animals design of the study 

Male Wistar albino rats, weighing 150–200 g, were 

obtained from the Animal House of the Department of 

Biochemistry at the University of Benin. They were 

accommodated in clean, disinfected cages under 

standard laboratory conditions, with access to feed 

(pelletized growers’ mash) and water ad libitum. The 

rats were acclimatized for two weeks before the 

initiation of the experiment. Rats were randomly 

assigned to eight groups (five rats per group) as shown 

in Table 1. The groups included control, DMH (40 

mg/kg body weight), silymarin (100 mg/kg body 

weight), V. amygdalina (300 mg/kg body weight), 

pretreatment (200 mg/kg body weight), pretreatment 

(400 mg/kg body weight), post-treatment (200 mg/kg 

body weight), and post-treatment (400 mg/kg body 

weight) groups. Except for the control and V. 
amygdalina groups, all rats were exposed to DMH 

before or after treatment with V. amygdalina via the 

intraperitoneal route, administered as a single dose of 40 

mg/kg body weight[14]. Rats in the silymarin group were 

treated with the standard hepato-/cardio-protective drug, 

silymarin (100 mg/kg body weight). The body weight of 

rats in all groups was recorded at weekly intervals for 21 

days, and the treatment duration was the same 

throughout this time frame. 

 

2.4. Tissue sample collection and preparation  

At the end of the experiment, pancreatic tissues were 

excised and blotted dry to obtain their wet weight using 

an electrical weighing balance. Thereafter, the tissues 

were homogenized and used for biochemical analysis, 

which included the following tests: amylase, total 

protein, nitric oxide (NO), superoxide dismutase (SOD), 

catalase (CAT), malondialdehyde (MDA), glutathione 

(GSH), glutathione peroxidase (GPx), GR, and 

concentration of reduced GSH.  
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   Table 1. Experimental design 

Groups Treatments 

G1 Control 

G2 DMH only (40 mg/kg body weight)  

G3 Silymarin (100 mg/kg body weight)  

G4 V. amygdalina leaf extract only (300 mg/kg body weight) 

G5 Pretreatment–V. amygdalina leaf extract (200 mg/kg body weight) for 18 days, followed by DMH (40 mg/kg body weight)  

G6 Pretreatment–V. amygdalina leaf extract (400 mg/kg body weight) for 18 days, followed by DMH (40 mg/kg body weight) 

G7 
Post-treatment – DMH (40 mg/kg body weight) on day 0, then followed by V. amygdalina leaf extract (200 mg/kg body 

weight) for three weeks 

G8 
Post-treatment – DMH (40 mg/kg body weight) on day 0, then followed by V. amygdalina leaf extract (400 mg/kg body 

weight) for three weeks 
 

 

2.5. Biochemical analysis 

The pancreatic tissues were homogenized in ice-cold 

phosphate buffer using a mechanical grinder. The tissue 

homogenates were then centrifuged in a refrigerated 

centrifuge at 3,500 ×g at 4°C for 10 min. The resulting 

supernatants were aliquoted and stored at -20°C for later 

determination of pancreatic parameters related to 

oxidative stress and lipid peroxidation. 

 

2.6. Measurement of total protein concentration 

The most widely used method for measuring serum 

protein is the biuret reaction, as described before[15]. In 

this reaction, serum proteins react with copper sulfate in 

sodium hydroxide to form a violet biuret complex. The 

intensity of the violet color was measured using a 

spectrophotometer, which was proportional to the 

concentration of protein.  

 

2.7. Measurement of NO concentration 

To assess nitrosative stress, we measured the NO 

content in the pancreatic tissue homogenates using the 

Griess reaction. In this process, NO was transformed to 

nitrite, a more stable metabolite, which is then converted 

to HNO2 in an acidic environment. Subsequently, HNO2 

reacted with sulfanilamide to form a diazonium salt, 

which then reacted with N-(1-naphthyl) 

ethylenediamine to generate an azo dye detectable at 

540 nm. The NO content of the examined pancreatic 

tissue specimens was expressed as nmol per mg of 

protein, with a concentration range of 1.56 µM and an 

R2 value of 0.995[16]. 

 

2.8. Measurement of lipid peroxidation index 

MDA was estimated in pancreatic tissue homogenate 

supernatants using the thiobarbituric acid reacting 

substance (TBARS) assay, as described previously[17]. 

First, 100 µL of the supernatant was diluted 20 times in 

0.15 M Tris-KCl buffer and then deproteinized by 

adding 500 µL of trichloroacetic acid (30%). The 

mixture was centrifuged in a bench-top centrifuge at 

4,000 ×g at room temperature for 10 min. Following 

centrifugation, 200 µL of the supernatant was 

transferred to an Eppendorf tube, followed by the 

addition of 200 µL of thiobarbituric acid (0.75%). The 

mixture was then heated at 80°C for 1 h. After cooling 

the tubes on ice, 200 µL of the mixture was transferred 

to a microtiter plate, and absorbance was measured at 

532 nm. The concentration of TBARS in the tissues was 

expressed as nmol MDA/mg protein. 

 

2.9. Measurement of oxidative stress parameters 

Superoxide dismutase enzyme activity was 

determined in pancreatic tissues using the autooxidation 

of adrenaline assay method as described formerly[18]. 

CAT enzyme activity in pancreatic tissue supernatants 

was determined using the colorimetric assay based on 

the formation of a yellow complex with H2O2 and 

molybdate[19]. GSH content in tissue samples was 

determined as previously described[20]. Briefly, 

pancreatic tissue homogenate (1.0 mL) was mixed with 

0.1 mL of 25% trichloroacetic acid. The mixture was 

then centrifuged at 5,000 ×g for 10 min to remove the 

precipitate. The supernatant (0.1 mL) was mixed with 2 

mL of 0.6 mM 5,5'-dithio-bis(2-nitrobenzoic acid), 

prepared in 0.2 M sodium phosphate buffer at pH 8.0. 

Absorbance was read at 412 nm. GPx activity was 

determined by monitoring the oxidation of NADPH to 

NADP+ in the presence of H2O2 as a substrate, using a 

spectrophotometric method at 340 nm for 3 minutes. 

GPx activity was expressed as micromoles of 

NADPH/min/g of protein using an extinction coefficient 

of 6.22 mM-1 cm-1 for NADPH. 

 

2.10. Histopathological examination of pancreatic 

tissues 

Pancreatic tissue specimens, fixed in 10% 

phosphosaline, were examined microscopically for 

structural alterations at the University of Benin 

Teaching Hospital. The slides were processed and 

stained with hematoxylin and eosin. Photomicrographs 

of stained slides were captured using an Olympus 

microscope (Olympus, New Jersey, USA) connected to 

a computer through a digital camera. 
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2.11. Statistical analysis  

All statistical analyses were performed using the 

SPSS software tool (version: 20, IBM Corporation, New 

York, USA). Data obtained from this study were 

expressed as mean ± standard error of the mean (SEM). 

Statistical evaluation was performed using the one-way 

analysis of variance (ANOVA). A post-hoc comparison 

test was carried out using Tukey’s HSD to evaluate 

pairwise differences among group means. Differences 

between groups were considered significant at p < 0.05.  

 

3. RESULTS 

3.1. Effect of ethanol extract of V. amygdalina leaves 

on the body weight of rats 

The results obtained for the body weight of rats, as 

shown in Figure 1, indicated that the DMH group 

exhibited a significant reduction (p < 0.05) in body 

weight when compared to the control. In contrast, the 

treatment groups showed a significant increase (p < 
0.05) in body weight of the treated groups when 

compared to the DMH group. Notably, the silymarin 

group demonstrated a significant increase (p < 0.05) in 

the final body weight compared to the other groups.  

 

 

 

3.2. Effect of ethanol extract of V. amygdalina leaves 

on body weight change in rats  

As shown in Figure 2, there was a percentage decrease 

(p <  0.05) in body weight change of rats in the DMH 

group when compared with the control and other groups. 

Furthermore, groups treated with ethanol extract of V. 
amygdalina leaves, before and after DMH 

administration, showed a percentage increase (p < 0.05) 

in the body weight change relative to the DMH group. 

 

3.3. Effect of ethanol extract of V. amygdalina leaves 

on the weight of pancreatic tissues 

There was a significant increase (p < 0.05) in the 

relative weight of the pancreatic tissues in the DMH 

group, as shown in Figure 3, relative to the control. 

Additionally, there were significant differences (p < 

0.05) among the various groups that received V. 

amygdalina extract before and after DMH induction, 

particularly when compared to silymarin and V. 
amygdalina groups, respectively. 

 

3.4. Effect of ethanol extract of V. amygdalina on 

antioxidant enzymes in pancreatic tissues  

Intraperitoneal injection of a single dose of DMH (40 

mg/kg body weight) in Wistar albino rats resulted in 

significant reductions (p < 0.05) in the level of 

pancreatic antioxidant enzymes (catalase, SOD, GPx, 

GSH, GR, and reduced GSH percentage) when 

compared to the control (Fig. 4). However, treatment of 

rats with ethanol extract of V. amygdalina leaves 

significantly increased (p < 0.05) the levels of the 

antioxidant enzymes relative to DMH group. 

 

 

 

 
Fig 1. Body weight of rats. For all parameters, values having different superscripts among groups are significantly different  

(p < 0.05). Values are stated as mean ± SEM (n = 5).  
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.  
Fig. 2. Body weight change in rats. For all parameters, values having different superscripts among groups are significantly different 

(p < 0.05). Values are stated as mean ± SEM (n = 5). 

 
 

 

3.5. Effect of ethanol extract of V. amygdalina on 

total protein levels, amylase activity, NO, and MDA 

in pancreatic tissues  
There was a significant increase (p < 0.05) in the mean 

values of pancreatic α-amylase, NO, total protein, and 

MDA levels in the DMH group when compared to the 

control and the other groups (Fig. 5). Conversely, 

treatment of rats with ethanol extract of V. amygdalina 

leaves significantly decreased (p < 0.05) the levels of 

pancreatic α-amylase, NO, total protein, and MDA 

relative to the DMH group. 
 

4. DISCUSSION  

In this study, we investigated the therapeutic potential 

of V. amygdalina in mitigating pancreatic toxicity 

induced by DMH in rats. The results showed that the 

administration of DMH caused significant oxidative 

stress and histopathological damage in the pancreas, 

characterized by increased levels of pancreatic function 

parameters, reduced concentrations of antioxidant 

markers, and severe histological alterations.  

   

 

 

 

 
Fig. 3. Relative weight of pancreas in rats. For all parameters, values having different superscripts among groups are significantly 

different (p < 0.05). Values are stated as mean ± SEM (n = 5). 
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Fig. 4. Activities of antioxidant enzymes in pancreatic tissues. For all parameters, values having different superscripts among groups 

are significantly different (p < 0.05). Values are stated as mean ± SEM (n = 5). 

 

 

As previously mentioned, exposure to DMH can lead 

to weight loss, which is often used as an indicator of 

toxicity and is frequently studied in research 

investigating potential preventive treatments for various 

diseases[21]. In this study, we observed a significant 

reduction (p < 0.05) in the body weight of rats in the 

DMH group. This reduction is typical when the body is 

exposed to toxicants. Moreover, the significant changes 

in body and pancreatic tissue weight of rats treated with 

the ethanol extract of V. amygdalina leaves, relative to 

the DMH group, confirm that the extract has beneficial 

properties for weight management. This finding aligns 

with earlier studies that suggested that the saponin 

extract of V. amygdalina exhibits similar effects[22]. 

Antioxidant enzymes play a crucial role in protecting 

against damage caused by free radicals and reactive 

oxygen species resulting from DMH-induced systemic 

toxicity. These enzymes, including SOD, CAT, and 

GPx, help neutralize harmful molecules and maintain 

cellular health[23]. Notably, pancreatic islets, which 

produce insulin, are known to express lower levels of 

antioxidant enzyme genes compared to other tissues, 

making them more vulnerable to damage[24]. In our 

study, the intraperitoneal injection of a single dose of 

DMH (40 mg/kg body weight) in Wistar albino rats 

caused significant reductions (p < 0.05) in the content 

of pancreatic antioxidant enzymes (CAT, SOD, GPx, 

GSH, GR, and reduced GSH percentage) compared to 

the control and other groups. Although there was no 

direct link between DMH toxicity and pancreatic 

effects, the observed changes in antioxidant parameters 

suggest that DMH can induce oxidative stress, which 

plays a significant role in pancreatic diseases, 

particularly pancreatitis and beta-cell dysfunction. 

However, treatment of rats with ethanol extract of V. 

amygdalina leaves significantly increased (p < 0.05) the 
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Fig. 5. Amylase activity and levels of NO, total protein, and malondialdehyde in pancreatic tissues. For all parameters, values having 

different superscripts among groups are significantly different (p < 0.05). Values are stated as mean ± SEM (n = 5).  

 
 

 

levels of the antioxidant enzymes relative to the DMH 

group. This observation aligns with other reports that 

claim that V. amygdalina contains bioactive compounds 

responsible for its biological effects and enhanced 

activities of the antioxidant enzymes[25,26].  

Earlier reports based on in vivo studies in animals 

have indicated that amylase and proteolytic enzymes in 

pancreatic tissues are rapidly depleted at the initiation of 

severe pancreatitis[27]. Additionally, excessive 

production or imbalances of NO can contribute to 

pancreatic damage and inflammation[28]. Our study 

showed a significant increase (p < 0.05) in the mean 

values of pancreatic α-amylase, NO, total protein, and 

MDA in the DMH group when compared to the control. 

Although research directly addressing the effects of 

DMH on pancreatic amylase and MDA is limited, our 

findings suggest that the remarkable elevations of these 

parameters may result from increased lipid 

peroxidation, glucose abnormalities, oxidative stress, 

inflammation, and changes in protein synthesis. 

Consequently, treatment with the ethanol extract of V. 
amygdalina leaves significantly decreased (p < 0.05) 

the levels of pancreatic α-amylase, NO, total protein, 

and MDA relative to the DMH group. This observation 

suggests that the extract is effective against pancreatic 

abnormalities and oxidative stress due to its bioactive 

compounds, such as saponins and flavonoids, which 

ensure that the pancreas maintains its endocrine and 

exocrine functions[29-32].  

In the histopathological studies, the morphological 

abnormalities observed in the DMH group included islet 

shrinkage, necrotic areas, cellular degeneration, and 

disorientation of islet cells, which align with an earlier 

report[33]. Furthermore, the treatment with V. 
amygdalina, administered before or after DMH 

induction at lower and higher doses, suggests that the 

extract activates the recovery of pancreatic function by 

regenerating destroyed beta cells, as similarly observed 

in previous research[34]. 
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5. CONCLUSION 

Our findings indicate that V. amygdalina ethanol 

extract can alleviate oxidative stress related to DMH-

induced pancreatic toxicity, thereby promoting 

pancreatic health.  
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Fig. S1. Graphical abstract. 

 

 
Fig. S2. (A) Vernonia amygdalina plant; (B) washed bitter leaves 35 

35. Okpiabhele AO, Abu OD. Antioxidant Effects of Vernonia amygdalina Leaf Extract on 1,2- Dimethylhydrazine-Induced 

Colon Toxicity in Rats. Trends in Biol Sci. 2025 (2): 183-191. 
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