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ABSTRACT
Lead is a heavy metal widely known for its toxic effects on various organs, including the pancreas. The search for plant-derived remedies has led to the evaluation of Newbouldia laevis, a medicinal plant traditionally used in the management of several ailments. This study investigated the effects of aqueous extracts of Newbouldia laevis on the pancreas of lead acetate-induced adult Wistar rats.  Adult of 25 Wistar rats weighing (150-200g) were randomly assigned into five groups: Group A served as the normal control, Group B received lead acetate only, Group C received lead acetate and Vitamin C, while Groups D and E received lead acetate with 200 mg/kg and 400 mg/kg of Newbouldia laevis extract, respectively. Lead acetate was administered to induce pancreatic toxicity, while vitamin C and plant extracts were given orally throughout the experimental period. After the 28 days of treatment with the extract, pancreatic tissues were harvested, processed using routine histological techniques, and examined under light microscopy following hematoxylin and eosin staining. Results showed that the control group exhibited normal pancreatic architecture with intact islets of Langerhans and pancreatic acini, while the lead acetate group showed severe degeneration and necrosis. The Vitamin C-treated group showed moderate regeneration with mild necrotic changes. Rats treated with 200 mg/kg of Newbouldia laevis showed mild regeneration with moderate necrosis, whereas those treated with 400 mg/kg showed marked improvement with active acini and distinct islets of Langerhans. In conclusion, Newbouldia laevis demonstrated a dose-dependent protective effect against lead-induced pancreatic damage.
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1.0 INTRODUCTION
Lead exposure remains a significant public health issue, especially in developing countries where environmental and industrial regulations are often poorly enforced [1,2,3]. Lead is a toxic heavy metal with no beneficial role in the body, yet it accumulates in tissues and impacts several organ systems, including the nervous, renal, reproductive, and endocrine systems [4,5]. Lead acetate is frequently used in research to model heavy-metal toxicity because it readily induces oxidative stress, disrupts cellular processes, and damages the structure of many vital organs [6,7]. The pancreas, essential for digestion and blood-glucose regulation, is particularly vulnerable. When its acinar cells or insulin-producing β-cells are damaged, insulin secretion can be impaired, resulting in metabolic imbalances and increasing the risk of diabetes [8,9].
Newbouldia laevis is an angiosperm belonging to the Bignoniaceae family. It is found in tropical West Africa [10]. It is called “Aduruku,” “Ogirisi,” and “Akoko” in the Hausa, Igbo, and Yoruba languages, respectively [11]. Different parts of the plant are used to treat inflammation, infections, ulcers, gastrointestinal issues, and respiratory conditions [12]. Phytochemical studies reveal that its leaves are rich in flavonoids, tannins, saponins, alkaloids, and phenolic compounds, many of which have potent antioxidant, anti-inflammatory, and cell-protective properties [13]. 
Several studies have demonstrated the protective role of medicinal plants against the adverse effects of toxic metals on humans and animals. Innih and Eluehike, [14] demonstrate that aqueous leaf extract of Newbouldia laevis has an ameliorative effect on mercury chloride-induced liver damage in Wistar rats. Olugbenga et al., [15] show that Newbouldia laevis extract has the capacity to protect Wistar rats against mercury chloride-induced hepatotoxicity. 
Despite its widespread traditional use, scientific evidence on how Newbouldia laevis affects the pancreas during lead toxicity remains limited. Understanding whether its aqueous leaf extract can safeguard or preserve pancreatic tissue is vital for validating its traditional applications and exploring its therapeutic potential. This study, therefore, investigates the histological effects of aqueous extracts of Newbouldia laevis leaves on the pancreas of adult Wistar rats exposed to lead acetate. 
2. MATERIALS AND METHODS
2.1 Collection and Identification of Plant Material
Fresh leaves of Newbouldia laevis were collected from Okigwe, Imo State, Nigeria. The leaves were identified and authenticated with a herbarium voucher number in the Department of Plant Biology at Abia State University. The collection was in the early hours of the day to minimize moisture loss and preserve phytoconstituents. Sufficient quantities of leaves were harvested to ensure a continuous supply of extract for the duration of the experiment period. 
2.2 Preparation of Plant Extract
The collected samples were thoroughly washed with clean tap water by rinsing with distilled water to eliminate dirt, dust, and microbial contaminants. They were spread out in a single layer and air-dried at room temperature (20-28°C) under a shade for 14 days until completely dry and crispy to the touch. This prevented direct exposure to the sunlight, which could degrade sensitive phytochemicals. The dried leaves were pulverized into a fine powder using a clean, dry electric blender for 48 hours, after which they were filtered using cheesecloth.
The obtained extracts were then concentrated in vacuo using a rotary evaporator. The crude extracts were reconstituted to obtain a stock solution using distilled water as solvent. Each reconstituted crude extract was stored in small-capped plastic containers in a refrigerator at 4°C   until used.
2.3 Experimental Animals
Twenty-five healthy adult Wistar rats (150–200 g) were procured from the animal House, Department of Anatomy, Abia State University, Uturu, Nigeria (12-hour light/dark cycle, free access to food and water). The animals were acclimatized for 14 days, during which lead acetate was administered every 48 hours as the toxicant, and treatment (either Newbouldia laevis or ascorbic acid) were given every 24 hours.

2.4 Experimental Design
The experiment consisted of three phases:
Stage 1:  Four rats were used, each receiving doses of 100mg/kg and 800 mg/kg of the extract.
Stage 2:  Two rats received 500 mg/kg and 200 mg/kg doses respectively.
Stage 3: Two rats received 3000 mg/kg and 5000 mg/kg doses respectively. 
All administrations were done orally, and the animals were monitored for signs of toxicity over 7-day period. The number were recorded and used to calculate the LD50 value using Lorke’s formula.
The twenty-five (25) adult Wistar rats were divided into two main sets: Ten (10) for acute toxicity determination, and Fifteen (15) for the main experimental study.
Rats were individually marked with colors for easy identification and grouped as follows:
Group A: served as the normal control
Group B: was induced with Lead acetate.
Group C: was induced with Lead acetate + ascorbic acid.
Group D: rats induced with Lead acetate + 200 mg/kg Newbouldia laevis extract
Group E: rats induced with Lead acetate + 400 mg/kg Newbouldia laevis extract
2.5 Tissue Collection and Histological Processing
At the end of the 28 days experiment, the rats were sacrificed under anaesthesia and the pancreas was excised, rinsed in normal saline, and fixed in 10% buffered formalin for 24–48 hours. The tissues were then processed routinely through graded alcohol dehydration, xylene clearing, and paraffin wax embedding. Sections of 4–5 µm thickness were cut, mounted on glass slides, and stained using the Hematoxylin and Eosin (H&E) technique. The stained sections were examined under a light microscope, and photomicrographs were taken to evaluate histological changes in the pancreatic tissue. Tissue sections were digitally photographed at 150x magnification.
2.6 Data analysis 
Data were subjected to statistical analysis using the SPSS Statistics software (Statistical Package for Social Science) (Version 25), and relevant statistical values were obtained. Final and initial weights of each group were compared using an independent Sample T-test. One-way analysis of variance (ANOVA) was carried out, and values were presented as mean ± SEM. The LSD post-hoc test was used.
3. RESULTS AND DISCUSSIONS
Table 1: Body Weight of the Animals
	
	Initial weight
	Final weight

	Negative control 
	72.2±7.23a
	102.27±11.2b

	Positive control 
	75.63±12.85
	112.47±17.27b

	Treated with Vitamin C
	82.07±8.50a
	108.90±13.52b

	Treated with 200mg/kg of Newbouldia laevis leaves extract
	83.97±18.36
	112.93±14.10b

	Treated with 400mg/kg of Newbouldia laevis leaves extract
	70.30±2.2a
	102.80±6.59b


Values in the same row bearing the same letter of alphabet are not significantly different from each other (p>0.05). 
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Fig 1: Results of histopathology of pancreas tissues of treated and untreated rats

4. DISCUSSION
Across all experimental groups, there was an increase in body weight from the initial to the final measurement, indicating general growth and survival of the animals throughout the study period. This suggests that neither lead acetate nor the administered treatments caused overt systemic toxicity severe enough to suppress appetite or induce weight loss. The negative control group showed a normal and expected weight gain, reflecting healthy growth under standard laboratory conditions. Similarly, the positive control (lead acetate–treated) group also exhibited increased final body weight, indicating that lead exposure did not significantly impair overall growth during the experimental duration, despite its pronounced histological toxicity to the pancreas.
Rats treated with vitamin C demonstrated weight gain comparable to the control groups, suggesting that vitamin C administration supported normal metabolic function and did not adversely affect growth. The groups treated with Newbouldia laevis leaf extract at both 200 mg/kg and 400 mg/kg doses also showed substantial increases in final body weight. This indicates that the extract was well tolerated and did not produce growth-retarding or wasting effects. Overall, the pattern of weight gain across all groups suggests that the observed pancreatic histological changes were not secondary to malnutrition or systemic illness but were specific tissue-level effects of lead toxicity and subsequent protection by vitamin C and Newbouldia laevis. The maintenance of normal weight gain in extract-treated groups further supports the relative safety of Newbouldia laevis at the administered doses.
The histological results obtained in this study provide strong evidence for the toxic effects of Iead acetate on pancreatic tissue, as well as the protective role of Newbouldia laevis leaf extract in reducing this damage. By comparing the control, lead-exposed, vitamin C-treated, and extract-treated groups, it becomes clear that Newbouldia laevis has a promising therapeutic potential that appears to increase with dose.
The control group (Group A) showed normal histoarchitecture, with well-organised pancreatic acini and intact islets of Langerhans. This normal appearance serves as the baseline for comparison and confirms that the method of housing and feeding did not negatively affect the pancreas. It further establishes that any alterations seen in the other groups were specifically due to lead acetate administration and not external factors. The group exposed to lead acetate alone (Group B) showed severe histological disruption. The islets of Langerhans were necrotic, and the pancreatic acini displayed eosinophilic and degenerative changes. These findings confirm the destructive potential of lead on cellular structures, which is consistent with its known mechanism of action. Lead exposure has been shown in previous studies to increase the generation of reactive oxygen species (ROS), leading to oxidative stress, lipid peroxidation, mitochondrial dysfunction, and ultimately necrosis of sensitive tissues such as the pancreas [16]. The pancreas is particularly vulnerable because of its dual endocrine and exocrine roles, which require a high level of metabolic activity. The severe tissue breakdown observed in this group emphasizes the importance of developing protective strategies against lead toxicity.
In the vitamin C group (Group C), the histological features indicated moderate regeneration compared to the lead-only group. The acini and islets were better preserved, although areas of necrosis and haemorrhage were still visible. Vitamin C is widely recognized as a potent antioxidant that neutralizes ROS, protects membranes from peroxidation, and enhances tissue repair [17]. The partial recovery seen here supports these properties, yet the persistence of cellular damage suggests that while vitamin C offers protection, it may not be strong enough as a single therapy against severe lead-induced toxicity. This highlights the need for alternative or complementary agents with broader phytochemical activity.
The results from the Newbouldia laevis-treated groups provide such an alternative. At the lower dose of 200 mg/kg (Group D), the pancreas exhibited mild regeneration, but moderate necrosis was still evident in both the acini and the islets. Cell outlines remained indistinct, showing that the extract did not completely restore the tissue at this concentration. This indicates that while Newbouldia laevis does contain active compounds with antioxidant and anti-inflammatory properties, the dose was not sufficient to counteract the full toxic burden of lead. This finding also demonstrates that the effect of the extract is dose-dependent. At the higher dose of 400 mg/kg (Group E), the improvement was far more significant. The photomicrographs showed clear regeneration with well-preserved pancreatic acini and islets of Langerhans. The cell outlines were distinct, and the general morphology closely resembled that of the control group. This suggests that at sufficient concentration, the phytochemicals in Newbouldia laevis are capable of effectively reversing oxidative damage, supporting cellular repair, and maintaining pancreatic architecture.
The difference between the 200 mg/kg and 400 mg/kg groups highlights the importance of dosage in herbal medicine. Comparing Newbouldia laevis with vitamin C, it is notable that the higher extract dose produced superior regeneration compared to vitamin C. This suggests that the plant may contain a combination of compounds that work synergistically, offering both antioxidant and anti-inflammatory effects beyond those provided by vitamin C alone. In addition, the improvement of islet morphology in the extract-treated groups is particularly important, as it indicates protection of pancreatic endocrine function, which plays a critical role in glucose metabolism and insulin regulation [18]. Protecting this aspect of the pancreas is vital, as lead-induced pancreatic damage has been linked to impaired insulin secretion and possible glucose intolerance. These findings are consistent with earlier reports that Newbouldia laevis possesses strong medicinal properties, including antioxidant, antimicrobial, and anti-inflammatory activity [19,20, 21]. The histological evidence from this study supports these claims and suggests that the plant could be developed further as a natural protective agent against heavy metal toxicity.
In summary, the discussion reveals a clear pattern: lead acetate caused severe degeneration of pancreatic tissue; vitamin C ofered partial protection; Newbouldia laevis leaf extract produced a dose-dependent protective effect, with the higher dose (400 mg/kg) showing marked regeneration of pancreatic architecture. This strongly supports the therapeutic potential of Newbouldia laevis and provides a scientific basis for its further exploration as a phytomedicinal agent.
 CONCLUSION
Lead acetate caused severe pancreatic damage, including degeneration of acini and necrosis of the islets of Langerhans, confirming the pancreas’s vulnerability to lead-induced oxidative stress. Vitamin C offered only partial protection, with persistent tissue damage. In contrast, Newbouldia laevis leaf extract showed a dose-dependent protective effect, with the higher dose (400 mg/kg) markedly restoring pancreatic structure. These findings suggest that Newbouldia laevis has strong phytotherapeutic potential for protecting the pancreas against lead-induced toxicity, warranting further investigation.
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Photomicrograph of GP D section of pancreas induced with lead
and treated with 200mgkg of newbodia leavis (X150)(H/E) shows
mild regeneration pancreatic with  moderate necrotic appearance
of the acini (PA) and islets of langerhan (IL) with non distinct cell
outline
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Photomicrograph of GPE section of pancreas _induced with lead
and treated with 400mgkg of  newbodia leavis (X150)(H/E) shows
moderate regeneration with active ~ acini pancreatic (PA) and
islets of langerhan (IL) with distinct ~ cell outline
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Photomicrograph of Group A control section of pancreas ( x150)(H/E) shows

normal pancreatic tissue with Well perfused pancreatic tissue with islets of
langerhans (IL) surrounded by pancreatic acini ( PA)
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             GP A  Photomicrograph of Group A control section of pancreas ( x 15 0 )(H/E) shows normal pancreatic tissue with Well perfused pancreatic tissue with islets of langerhans (IL) surrounded by pancreatic acini ( PA) IL PA
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Photomicrograph of GP B section of pancreas induced with lead
(X150)(H/E) shows severe degeneration with necrotic  (N) islets of
langerhan and eosinophic (E) pancreatic acini





