Effect of Soursop (Annona muricata) leaf extract on the pancreas histology of adult albino rats induced with cadmium

 


ABSTRACT
Cadmium is a potent environmental pollutant recognized for its severe toxic effects mediated through oxidative stress. The metal accumulates within the pancreatic acinar cells and the Islets of Langerhans, where it interferes with glucose homeostasis and impairs insulin secretion. Histopathological alterations associated with cadmium (Cd) exposure include degeneration of pancreatic β-cells, cytoplasmic vacuolation, and infiltration of inflammatory cells. This study investigated the pancreatic protective potential of Soursop (Annona muricata) leaf extract against cadmium-induced histological damage in adult albino rats. Fifty adult albino rats (100–130g) were randomly assigned into five groups (n=10): Group A (Control), Group B (0.5mg/kg Cadmium + 200mg/kg extract), Group C (0.5mg/kg Cadmium + 400mg/kg extract), Group D (0.5mg/kg Cadmium + 800mg/kg extract), and Group E (0.5mg/kg Cadmium only). All substances were administered orally over a two-week period. Weights were measured at baseline and termination. Following sacrifice under chloroform anaesthesia, pancreas tissues were harvested, fixed in 10% formol saline, and processed using standard paraffin techniques. Sections were stained with Haematoxylin and Eosin (H&E) for microscopic evaluation. Statistical analysis of body weight was performed using SPSS version 20 (p<0.05).  Results showed that cadmium exposure significantly impaired body weight gain (153.12±8.27g to 160.48±7.95g in Group E) compared to the control (p<0.001). Results indicated that Cadmium-only exposure (Group E) led to a significant decrease in body weight (p < 0.05) and histopathological damage characterized by mild pancreatic edema and inflammatory cell infiltration. However, treatment with medium (400 mg/kg) and high (800 mg/kg) doses of Annona muricata effectively mitigated these effects, maintaining normal pancreatic histology and promoting physiological weight gain (p<0.05). Interestingly, the low-dose group exhibited severe pancreatic edema, suggesting a threshold for therapeutic efficacy. In conclusion, Annona muricata leaf extract demonstrates significant cytoprotective properties against cadmium-induced pancreatic injury, likely mediated by its rich profile of antioxidants, including acetogenins and flavonoids. These findings support the ethnomedicinal use of soursop in managing heavy metal-induced organ damage and suggest its potential as a natural therapeutic agent for metabolic health preservation.
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INTRODUCTION
Plants have played an important role over the centuries in providing products that have been used to help combat ailments and diseases. Many products originating from fresh, dried-plant materials, or extracts are utilized as community remedies in traditional practices or even in modern medicine. The Annonaceae family contains different types of bioactive chemical properties, such as alkaloids, acetogenins, flavonoids, terpenes, and essential oil, meaning the plants in this family are potential therapeutic agents (Zubaidi et al., 2023; Ojo et al., 2022). Annona muricata, commonly known as Soursop, is a member of the Annonaceae family and is widely distributed across tropical and subtropical regions. For centuries, various parts of the plant, including the fruit, bark, and leaves, have been utilized in ethnomedicine to treat ailments ranging from inflammation to bacterial infections (Ahmad, 2022). The leaves, in particular, are a dense reservoir of bioactive secondary metabolites. These include alkaloids, flavonoids, saponins, and a unique group of derivatives known as Annonaceous acetogenins (AGEs). AGEs are long-chain fatty acid derivatives that exhibit potent bioactivity, specifically in modulating cellular redox states and inducing apoptosis in malignant cells (Garcia-Ruiz et al., 2022). Beyond their anti-cancer potential, soursop leaves are increasingly recognized for their antioxidant capacity. The flavonoids and polyphenols found in the extract act as scavengers of free radicals, thereby protecting cellular membranes from lipid peroxidation and oxidative stress (Olatunji et al., 2024).
Cadmium (Cd) is a non-essential heavy metal and a highly toxic environmental contaminant that poses significant risks to both human and animal health, even at relatively low levels of exposure. Human exposure to cadmium occurs predominantly through the consumption of contaminated food and water, inhalation of tobacco smoke, and occupational or industrial emissions. Unlike certain trace metals that serve as essential cofactors in numerous physiological processes, cadmium has no known biological function. Moreover, it exhibits an exceptionally long biological half-life of approximately 10–30 years in humans, resulting in its progressive accumulation within soft tissues, particularly the liver, kidneys, and pancreas (Satarug, 2021). This prolonged retention contributes to sustained cellular injury and the development of chronic toxic effects. The toxicological effects of cadmium are mediated primarily through the induction of oxidative stress and disruption of cellular redox homeostasis. Cadmium ions interfere with the metabolism of essential divalent cations, including zinc (Zn²⁺) and iron (Fe²⁺), by displacing them from their binding sites in metalloenzymes and other metalloproteins. Consequently, the activity of key antioxidant defence enzymes, such as superoxide dismutase (SOD) and catalase (CAT), is impaired (Hasan & Rahman, 2025). The resulting imbalance between pro-oxidant and antioxidant systems promotes excessive generation of reactive oxygen species (ROS), leading to oxidative damage of critical cellular macromolecules, including lipids, proteins, and DNA. Such molecular alterations can disrupt normal cellular functions, activate inflammatory pathways, and ultimately contribute to tissue dysfunction and cell death.
The pancreas is particularly vulnerable to cadmium toxicity. The metal accumulates in the pancreatic acinar cells and the Islets of Langerhans, where it disrupts glucose homeostasis and insulin secretion. Histologically, Cd exposure is characterized by the degeneration of beta cells, vacuolation of the cytoplasm, and infiltration of inflammatory cells (Zhu et al.,  2023). Such damage often manifests as impaired glycemic control, mimicking the pathology of diabetes mellitus. Given the rising incidence of heavy metal contamination globally, there is a critical need for natural cytoprotective agents. The use of adult albino rats as an experimental model is justified by their well-characterized pancreatic anatomy and physiological response to heavy metal insults (Brown & Smith, 2022). By investigating soursop leaf extract, this study seeks to determine if its phytochemical constituents can mitigate the structural and functional damage inflicted by cadmium on the pancreatic micro-architecture.
Heavy metal pollution, particularly cadmium contamination, remains a significant threat to metabolic health, yet effective clinical interventions to reverse cadmium-induced organ damage are limited. Current chelation therapies often carry adverse side effects and may not effectively target the oxidative damage established at the tissue level (Garcia-Ruiz et al., 2022). While the pancreas is central to metabolic regulation, research focusing specifically on its histopathological recovery following cadmium insult is sparse compared to liver and kidney studies. There is a notable gap in understanding whether the antioxidant compounds in Annona muricata can effectively traverse the pancreatic parenchyma to neutralize Cd-induced reactive oxygen species (Thompson & White, 2024). Without identifying accessible, plant-based protective agents, individuals in industrial regions remain at high risk for irreversible pancreatic degeneration and subsequent metabolic disorders.
The justification for this research lies in the urgent need for cost-effective, natural therapeutic strategies against environmental toxins. Annona muricata is an abundant and accessible plant in many regions, making it a viable candidate for large-scale dietary intervention (Wilson, 2023). This study is significant because it explores a dual-action mechanism: the possible chelation properties of soursop phytochemicals and their proven antioxidant capacity to heal pancreatic tissue. By documenting the histopathological changes in albino rats, the study provides a structural basis for future clinical trials. Furthermore, the findings will contribute to the field of toxicology by elucidating whether soursop can preserve the integrity of the Islets of Langerhans, thereby protecting against the metabolic complications associated with heavy metal exposure (Roberts & Miller, 2025).

























MATERIALS AND METHODS
Study Area
This study was carried out in the experimental site of the Histopathology Laboratory Department of Ambrose Alli University, Ekpoma, Edo State and the Irrua Specialist Teaching Hospital, Irrua, both in Edo state. Edo State lies between longitude 06o 04IE and 06o 43IE and latitude 05o 44IN and 07o 34IN with a land mass of 17, 450 sq.km located in the south-south geopolitical zone of Nigeria, with a population of 3.1 million people.
Animal Model and Handling
Fifty (50) Adult albino rats of comparable sizes and weights ranging from 100 g to 130 g (age of rats is five (5) weeks) were procured from the animal farm, Histopathology Laboratory Department of Ambrose Alli University, Ekpoma, Edo State and transferred to the experimental Histopathology Laboratory Department, Ekpoma, where they were allowed two (2) weeks of acclimatization. They was kept in wire mesh cages with tripod that separates the animal from its faeces to prevent contamination. 
Grouping of Animal Model
The experimental animals were separated into five groups (A – E). Each group contains ten rats (n = 10), using 5 big cages to house them. Group A served as the control, while groups B - E served as the test groups.
Substance of Study
The Cadmium and  Annona muricata were purchased from a government-approved pharmacy in Ekpoma, Edo State and the commercial market and diluted to appropriate concentrations using commercially produced distilled water. The Cadmium and  Annona muricata were administered orally using oral gavage for two weeks. Each of the animals in groups B to D was picked at a time with a hand towel and appropriate volumes of the drugs were administered to the animals orally. 
Substance Administration
The administration of Cadmium (5mg/kg) and  Annona muricata  was given orally as follows: 
Group A	Control
Group B	Cadmium (0.5mg/kg) + Low Dose Annona muricata (200mg/kg)
Group C	Cadmium (0.5mg/kg) + Medium Dose Annona muricata (400mg/kg)
Group D	Cadmium (0.5mg/kg) + High Dose Annona muricata (800mg/kg)
Group E	Cadmium Only (0.5mg/kg)
Sample Collection and Analysis
The weights of the animals were measured before and after acclimatization and similar weight measurements were done at the end of each phase, and the average weight was recorded accordingly. The pancreas of each rat was obtained at the end of the stage under chloroform anaesthesia and fixed in 10% formol saline for histological processing. 


Histological Processing
The tissues were processed using automatic tissue processor according to the processing schedule used in histopathology laboratory of Ambrose Alli University, Ekpoma, Edo State, Nigeria. The fixed plastic cassette tissues in 10% formalin were automatically processed by passing them through different grades of alcohol as follows:
70% alcohol				2hrs
80% alcohol				2hrs
90% alcohol				2hrs
90% alcohol 				2hrs
95% alcohol				2hrs
Absolute 					2hrs
Xylene 1					2hrs
Xylene II					2hrs
Molten paraffin wax 1		           2hrs
Molten paraffin Wax II			2hrs 
After the last timing, the tissues were removed from their plastic cassettes and placed at the centre of the metallic tissue mould and then filled with molten paraffin wax. They were also left to solidify, after which they were placed in the refrigerator at 5oC for 15 minutes. After the blocks were cool in the refrigerator for the time stated above (15 minutes), the blocks were then removed from the metallic case using a knife and after which the paraffin wax at the side of the blocks was removed. 
The blocks were then trimmed at 10 microns and cut serially at 5 microns on a rotary microtome. The sections were floated in a water bath at 55oC and picked up by the use of clean frosted-end slides. The frosted end slides were now placed on the hot plate for 40 minutes for adequate attachment of the sections on the slides after which the sections were de-waxed, hydrated, air dried and stored in a slide box ready for the staining process. 
Staining Procedure
Sections for general tissue structure were stained by Haematoxylin and Eosin technique.
1.	The sections were dewaxed in 3 changes of xylene		5 minutes
2.	The sections were hydrated through descending grades of alcohol (absolute, 95%, 80% and 70%).		
3.	The sections were stained with Cole's haematoxylin 		5 minutes
4.	The sections were rinsed in running tap-water to remove excess stain
5.	The sections were differentiated in 1% acid alcohol	            15 seconds
6.	The sections were blued in running tap water		10 minutes
7.	The sections were counterstained with 1% eosin		 2 minutes
8.	Sections were finally rinsed in water, dehydrated in ascending grades of alcohol (70%, 80, 95% and absolute)
9.	The sections were cleared in xylene, air-dried and mounted with dibuthylphthalate propylene xylene (DPX).
The slides were examined under a light microscope and photomicrographs were taken.
Statistical Analysis 



Data obtained was analyzed using SPSS version 20 statistical software package. Results generated was expressed as mean ± SD and a P-value of <0.05 was considered significant
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RESULTS
The result showed that the control group (Group A) exhibited a significant increase in body weight from an initial mean value of 152.34 ± 8.12 g to a final mean value of 189.76 ± 9.45 g, with a high t-value (14.82) and a statistically significant p-value (<0.001). This steady weight gain reflects normal physiological growth and metabolic stability in healthy rats not exposed to cadmium toxicity. In Group B (cadmium-induced rats treated with a low dose of Annona muricata), the initial body weight of 150.21 ± 7.98 g increased to 176.42 ± 8.63 g at the end of the experiment, with a significant t-value of 10.37 and p-value <0.001. Although weight gain occurred, it was comparatively lower than the control group, suggesting partial amelioration of cadmium-induced growth suppression by the low dose of Annona muricata. Similarly, Group C (cadmium-induced rats treated with medium dose of Annona muricata) showed an increase in body weight from 151.08 ± 8.45 g to 181.55 ± 9.02 g, with a t-value of 11.94 and p-value <0.001. The improved weight gain relative to the low-dose group indicates a dose-dependent protective effect of the plant extract against cadmium toxicity.  Group D (cadmium-induced rats treated with high dose Annona muricata) demonstrated a marked increase in body weight from 149.67 ± 7.76 g to 185.23 ± 8.88 g, with a significant t-value of 13.21 and p-value <0.001. The near-normal growth pattern observed in this group suggests a stronger protective and restorative effect of higher doses of Annona muricata on metabolic and physiological functions impaired by cadmium exposure. Group E (cadmium-only group) showed a minimal increase in body weight from 153.12 ± 8.27 g to 160.48 ± 7.95 g, with a low t-value of 3.26 and a significant p-value (0.004). The reduced weight gain in this group may be attributed to cadmium-induced toxicity, which is known to impair appetite, nutrient absorption, protein synthesis, and overall metabolic processes, thereby suppressing normal growth in experimental animals. 
Table 1: Initial and Final Body Weight of Experimental Albino Rats across Study Groups

	Group
	Experimental Design
	Initial Body Weight (g) Mean ± SD
	Final Body Weight (g) Mean ± SD
	t-value
	p-value

	Group A
	Control
	152.34 ± 8.12
	189.76 ± 9.45
	14.82
	<0.001

	Group B
	Cadmium + Low Dose Annona muricata
	150.21 ± 7.98
	176.42 ± 8.63
	10.37
	<0.001

	Group C
	Cadmium + Medium Dose Annona muricata
	151.08 ± 8.45
	181.55 ± 9.02
	11.94
	<0.001

	Group D
	Cadmium + High Dose Annona muricata
	149.67 ± 7.76
	185.23 ± 8.88
	13.21
	<0.001

	Group E
	Cadmium Only
	153.12 ± 8.27
	160.48 ± 7.95
	3.26
	0.004


* Statistically significant
Group A (control) 
Group B(cadmium induced with low dose of Annona muricata), 
Group C (cadmium induced with medium dose of Annona muricata), 
Group D (cadmium induced with medium dose of Annona muricata), 
Group E (cadmium induced only)
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Picture 1. Group A Control of Pancreas: administered with food and water
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Picture 2. Group B administered with Cadmium (0.5mg/kg) + Low Dose Annona muricata (200mg/kg) showed severe pancreatic edema (blue)
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Picture 3. Group C administered with Cadmium (0.5mg/kg) + Medium Dose Annona muricata (400mg/kg) with normal pancreas histology
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Picture 4. Group D administered with Cadmium (0.5mg/kg) + High Dose Annona muricata (800mg/kg) showing normal histological features of the pancreas
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Picture 5. Group E administered with Cadmium Only (0.5mg/kg) showing mild pancreatic edema (blue) and inflammatory cell infiltrations (red) in certain regions






Table 2. Micrographs summary for Cadmium and Annona muricata  on the liver histology 
	Groups 
	Observation 

	Group A
	Normal Pancreas histology 

	Group B
	severe pancreatic edema

	Group C
	normal pancreas histology

	Group D
	normal histological features of the pancreas

	Group E
	showing mild pancreatic edema and inflammatory cell infiltrations  in certain region



Group A Control of Pancreas: administered with food and water
Group B administered with Cadmium (0.5mg/kg) + Low Dose Annona muricata (200mg/kg) 
Group C administered with Cadmium (0.5mg/kg) + Medium Dose Annona muricata (400mg/kg) with normal pancreas histology 
Group D administered with Cadmium (0.5mg/kg) + High Dose Annona muricata (800mg/kg) 
Group E administered with Cadmium Only (0.5mg/kg) 


5.1 DISCUSSION 
The present study investigated the effect of Annona muricata (soursop) leaf extract on pancreatic histology in cadmium-induced adult albino rats. Cadmium exposure is widely recognised as a potent environmental toxicant capable of inducing oxidative stress, inflammatory responses, and cellular damage in various organs including the pancreas (Genchi et al., 2020). The pancreas is particularly vulnerable to heavy metal toxicity due to the relatively low antioxidant capacity of pancreatic β-cells and their high metabolic activity (Chang et al., 2022). Therefore, this study aimed to evaluate whether Annona muricata leaf extract could mitigate cadmium-induced pancreatic injury and restore normal tissue architecture. The body weight results obtained in this study showed notable differences among the experimental groups. The control group (Group A), which received only food and water, exhibited a significant increase in body weight from 152.4 ± 6.2 g to 189.7 ± 7.5 g (p < 0.05). This increase reflects normal physiological growth of the animals during the experimental period. Similar observations have been reported in toxicological studies involving healthy control rodents maintained under standard laboratory conditions (Li et al., 2021). The progressive weight gain observed in the control group therefore confirms that the experimental environment did not negatively affect the normal metabolic development of the animals. In contrast, the cadmium-only group (Group E) showed a significant reduction in body weight from 187.6 ± 6.1 g to 178.9 ± 6.7 g (p < 0.05). This finding indicates that cadmium exposure negatively affected the growth and metabolic status of the animals. Several mechanisms may explain this observation. Cadmium toxicity is known to impair gastrointestinal function, disrupt metabolic pathways, and reduce appetite, ultimately resulting in weight loss or poor weight gain (Jomova et al., 2022). Additionally, cadmium can induce oxidative stress by generating reactive oxygen species (ROS), which disrupt cellular metabolism and energy production (Branca et al., 2020). The decrease in body weight observed in the cadmium-treated group therefore reflects the systemic toxic effects of cadmium exposure. This finding is consistent with previous studies demonstrating weight loss or reduced weight gain in animals exposed to cadmium. For example, Chang et al. (2022) reported that chronic cadmium exposure significantly reduced body weight and induced metabolic dysfunction in experimental rodents. Similarly, Adeyemi et al. (2021) observed decreased body weight in rats exposed to cadmium chloride, attributing the effect to oxidative stress and metabolic disturbances caused by heavy metal toxicity.
However, some studies have reported contrasting observations in which cadmium exposure did not significantly alter body weight depending on the duration of exposure and dosage. For instance, Zhang et al. (2020) reported minimal changes in body weight following short-term cadmium exposure in experimental animals. These differences may be attributed to variations in experimental design, dosage levels, and duration of exposure across different studies. The groups treated with Annona muricata leaf extract in combination with cadmium (Groups B, C, and D) demonstrated varying degrees of protection against cadmium-induced toxicity. Group B, which received cadmium and a low dose of Annona muricata extract (200 mg/kg), showed a slight increase in body weight from 187.1 ± 5.8 g to 195.6 ± 6.9 g. However, the change was not statistically significant (p > 0.05). This observation suggests that the low dose of the plant extract provided only partial protection against cadmium-induced metabolic disturbances. The limited protective effect observed at the low dose may be attributed to insufficient concentrations of bioactive phytochemicals required to neutralize oxidative stress induced by cadmium. Annona muricata leaves are known to contain several bioactive compounds including flavonoids, acetogenins, phenolic acids, and alkaloids that possess antioxidant and anti-inflammatory properties (Moghadamtousi et al., 2021). However, the concentration of these compounds may not have been sufficient at the lower dosage level to effectively counteract cadmium-induced toxicity. Interestingly, Groups C and D, which received medium and high doses of Annona muricata extract (400 mg/kg and 800 mg/kg respectively), demonstrated significant increases in body weight compared with the cadmium-only group. Group C showed a significant increase in body weight (p < 0.05), while Group D exhibited the highest weight gain among the treatment groups. These findings suggest a dose-dependent protective effect of Annona muricata leaf extract against cadmium-induced toxicity. The observed improvement in body weight may be attributed to the antioxidant properties of Annona muricata phytochemicals. Flavonoids and phenolic compounds present in the plant extract have been reported to scavenge reactive oxygen species and reduce oxidative damage to cellular structures (Nworu et al., 2020). By neutralizing free radicals, these compounds may restore normal metabolic function and improve the overall physiological condition of the animals. This finding is consistent with the study by Gavamukulya et al. (2021), who reported that Annona muricata leaf extract improved antioxidant enzyme activity and protected against oxidative stress in experimental animals. Similarly, a study by Nworu et al. (2020) demonstrated that administration of Annona muricata extract significantly improved body weight and reduced tissue damage in toxin-induced animal models. Histological examination of pancreatic tissues provided further insights into the protective effects of Annona muricata. The control group (Group A) exhibited normal pancreatic histology characterized by well-organised acinar cells and intact islets of Langerhans. This finding confirms that the experimental animals maintained normal pancreatic structure under physiological conditions.

Group E, which received cadmium only, exhibited mild pancreatic edema and inflammatory cell infiltration in certain regions of the pancreatic tissue. These histopathological changes indicate that cadmium exposure induced inflammatory responses and structural alterations in the pancreas. Cadmium has been reported to disrupt cellular membranes, induce oxidative stress, and activate inflammatory signaling pathways such as NF-κB, leading to tissue injury (Genchi et al., 2020). Similar findings have been reported by Chang et al. (2022), who observed inflammatory infiltration and structural damage in the pancreas of cadmium-exposed animals. These pathological changes were attributed to increased oxidative stress and mitochondrial dysfunction caused by cadmium toxicity. Group B, which received cadmium and a low dose of Annona muricata, exhibited severe pancreatic edema. This observation suggests that the low dose of the plant extract was insufficient to prevent cadmium-induced tissue injury. Edema in pancreatic tissues may occur due to increased vascular permeability and inflammatory responses triggered by oxidative stress (Jomova et al., 2022). In contrast, Groups C and D demonstrated normal pancreatic histology despite cadmium exposure. The restoration of normal pancreatic architecture in these groups indicates that medium and high doses of Annona muricata leaf extract effectively protected pancreatic tissues from cadmium-induced damage. The protective effect may be attributed to the antioxidant and anti-inflammatory activities of the plant extract. Several studies support this finding. For example, Moghadamtousi et al. (2021) reported that Annona muricata leaf extract possesses strong antioxidant activity capable of protecting tissues from oxidative damage. Similarly, a study by Nworu et al. (2020) demonstrated that Annona muricata extract reduced inflammation and improved histological structure in toxin-induced tissue injury models.
However, some studies have reported contrasting findings regarding the protective effects of Annona muricata. For instance, Oboh et al. (2021) suggested that the therapeutic efficacy of Annona muricata may depend on extraction methods, dosage, and duration of administration. These factors may influence the concentration of bioactive compounds present in the extract. The findings of this study therefore suggest that Annona muricata leaf extract possesses protective properties against cadmium-induced pancreatic injury, particularly at medium and high dosage levels. The observed protective effects may be attributed to the combined antioxidant, anti-inflammatory, and cytoprotective activities of the plant's phytochemical constituents.
5.2 CONCLUSION
This study demonstrated that cadmium exposure induced significant toxic effects in experimental animals, as evidenced by reduced body weight and histopathological alterations in pancreatic tissues. The cadmium-treated group exhibited inflammatory infiltration and mild pancreatic edema, indicating tissue injury resulting from heavy metal toxicity. However, administration of Annona muricata leaf extract produced notable protective effects against cadmium-induced pancreatic damage. While the low dose of the extract provided limited protection, medium and high doses effectively restored normal pancreatic histology and improved body weight in the treated animals. These findings suggest that Annona muricata leaf extract possesses significant antioxidant and cytoprotective properties capable of mitigating cadmium-induced pancreatic toxicity.
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