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ABSTRACT

This study aimed to evaluate the synergistic effects of Xylopia aethiopica (Uda) and Aframomum melegueta (Alligator Pepper) seed extracts on
pancreatic B-cells of streptozotocin-induced diabetic rats. Diabetes was induced using streptozotocin (STZ), and the therapeutic effects of the
combined leaf extracts were assessed over a 28-day period. Key biomarkers, including fasting blood glucose (FBG), serum insulin levels, and
oxidative stress markers, were analysed. The combined extract demonstrated significant improvements in FBG levels, enhanced insulin secretion, and
reduced oxidative stress compared to individual treatments. Both X. aethiopica and A. melegueta extracts have beneficial effects on managing
diabetes by improving blood glucose regulation, enhancing insulin secretion, and reducing oxidative stress through -cell protection and regeneration.

Keywords: Xylopia aethiopica; Aframomum melegueta; Pancreatic -cells; Diabetes; Synergistic Effects; Oxidative Stress; Antidiabetic Activity;
Antioxidant; Insulin; Fasting Blood Glucose.

1. Introduction

Diabetes mellitus is a group of metabolic disorders characterised by chronic hyperglycaemia due to inadequate
insulin production, insulin resistance, or a combination of both. This condition affects the ability of the body to

regulate blood glucose levels, leading to long-term damage to various organs and tissues [1, 2].

Diabetes is classified into several types, the most common being Type 1 diabetes, Type 2 diabetes, and gestational
diabetes [3, 4]. Type 1 diabetes is an autoimmune disorder in which the immune system attacks and destroys the
insulin-producing B-cells of the pancreas. This leads to an absolute deficiency in insulin, requiring lifelong insulin
replacement therapy. It is commonly diagnosed in children and young adults, although it can occur at any age [4, 5].
Whereas, type 2 diabetes is the most prevalent form, accounting for approximately 90-95% of all diabetes cases. It
is primarily characterised by insulin resistance, where the body's cells do not respond effectively to insulin. Over
time, pancreatic 3-cells may also fail, exacerbating hyperglycaemia. It is strongly associated with lifestyle factors
such as obesity, physical inactivity, and poor dietary habits [6]. Gestational diabetes occurs during pregnancy and is
marked by impaired glucose tolerance. While it usually resolves after delivery, women who experience gestational
diabetes have an increased risk of developing Type 2 diabetes later in life [7]. The condition can also lead to

complications for both the mother and the baby, such as preeclampsia and macrosomia [8].

The prevalence of diabetes has risen dramatically over the past few decades, driven by urbanisation, ageing
populations, and the adoption of unhealthy lifestyles [6, 9]. According to the International Diabetes Federation
(IDF), approximately 537 million adults were living with diabetes in 2021, and this number is projected to rise to
643 million by 2030 [4, 10]. The economic burden of diabetes is also substantial, with direct healthcare costs and

lost productivity impacting individuals and healthcare systems globally [11, 12].
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Medicinal plants have been relevant in the development of treatments for numerous ailments, including diabetes
[13-15]. Plants contain a wide array of bioactive compounds such as alkaloids, flavonoids, tannins, and phenolic
acids that have demonstrated anti-diabetic [16-18], antioxidant [19, 20], and anti-inflammatory properties [19, 21].
These compounds often act synergistically, offering a lot of benefits that synthetic drugs may not achieve [23].

Among these medicinal plants, X. aethiopica (commonly known as Uda) and A. melegueta (commonly referred to
as Alligator Pepper) have garnered attention for their diverse pharmacological properties, including their potential
anti-diabetic effects [24].

X. aethiopica is traditionally used in the treatment of various ailments, including diabetes, inflammation, and
infections [25-27]. Its seeds are rich in essential oils, alkaloids, and flavonoids, which are believed to contribute to
its therapeutic effects [28]. Similarly, A. melegueta is renowned for its aromatic seeds and seeds. It is traditionally
employed in managing conditions such as hypertension, gastrointestinal disorders, and diabetes [29]. The seeds of
A. melegueta are also known to contain potent bioactive compounds, including gingerols and paradols, which

exhibit antioxidant and anti-inflammatory activities [30].

Emerging research focuses on novel therapeutic approaches, including [3-cell regeneration, immunomodulation in
Type 1 diabetes [31], and the development of non-invasive glucose monitoring devices [32]. Additionally, there is
increasing interest in plant-based therapies due to their affordability and minimal side effects compared to synthetic
drugs [33].

The concept of synergy, wherein the combination of two or more agents produces a therapeutic effect greater than
the sum of their individual effects, is well established in pharmacology [34]. Exploring the synergistic potential of
these plants could provide a novel and effective approach to diabetes management, particularly in addressing -cell

dysfunction and destruction.

The pathophysiology of diabetes involves oxidative stress, chronic inflammation, and apoptosis of pancreatic
B-cells [35]. Preliminary studies have shown that the bioactive compounds exhibit antioxidative and

anti-inflammatory properties [22, 24, 36], which are critical in mitigating p-cell damage [37].

Despite extensive research on the individual anti-diabetic properties of X. aethiopica and A. melegueta, limited
studies have explored their combined effects. However, the potential synergistic effects of combining these plants
on pancreatic 3-cells have not been thoroughly investigated. This study aims to fill this gap by evaluating the
impact of their combined leaf extracts on B-cell function, insulin secretion, and glycaemic control in STZ-induced

diabetic rats.
1.1. Study Objectives

The main objective of this study was to evaluate the synergistic effects of Xylopia aethiopica (Uda) and
Aframomum melegueta (Alligator Pepper) seed extracts on pancreatic -cells in streptozotocin-induced diabetic

rats. The specific objectives were to:

1. Determine the effect of the individual and combined seed extracts of Xylopia aethiopica and Aframomum

melegueta on fasting blood glucose levels in streptozotocin-induced diabetic rats.
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2. Evaluate the influence of the individual and combined seed extracts on serum insulin concentration as an

indicator of pancreatic B-cell functional activity.

3. Assess the antioxidant effects of the individual and combined seed extracts by determining selected oxidative
stress biomarkers in streptozotocin-induced diabetic rats.

2 2. Materials and Methods

2.1. Plant Materials

Fresh seeds of X. aethiopica (Uda) and A. melegueta (Alligator Pepper) (Fig. 1a and b respectively) were collected
from a local market in Southern Nigeria. The plants were authenticated by a botanist at the Department of Plant

Science and Biotechnology, University of Port Harcourt, Port Harcourt, Rivers State, Nigeria, where voucher

specimens were deposited for future reference.

Figure la. Seeds of X. aethiopica (Uda); 1b. Seeds of A. melegueta (Alligator Pepper).
2.2. Experimental Animals

Male Wistar rats weighing 150-200 g were obtained from the animal house of the University of Port Harcourt. The
rats were housed under standard laboratory conditions (12-hour light/dark cycle, temperature of 22 £+ 2°C) with free
access to standard pellet feed and water. The study adhered to the ethical guidelines for animal care and use,

approved by the research ethics committee of the University of Port Harcourt, Rivers State, Nigeria.
2.3. Chemicals and Reagents

Streptozotocin (STZ) was procured from Sigma-Aldrich, Inc., (St. Louis, MO, USA). All other chemicals, ELISA

kits, and reagents were of the highest analytical grade commercially available.
2.4. Preparation of Plant Extracts

The collected seeds were thoroughly washed with distilled water to remove debris and air-dried at room
temperature for 10 days. The dried seeds were then pulverised into fine powder using an electric blender. The
powdered seeds of X. aethiopica and A. melegueta were extracted separately using methanol. A 200 g portion of

each powder was soaked in 1 L of methanol for 72 hours with intermittent shaking. The mixtures were filtered
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using Whatman No. 1 filter paper, and the filtrates were concentrated using a rotary evaporator at 40°C. Equal
portions of the concentrated extracts of X. aethiopica and A. melegueta were mixed to prepare the synergistic

extract. The combined extract was stored in an airtight container at 4°C until use.
2.5. Induction of Diabetes

Experimental diabetes was induced in the rats using streptozotocin (STZ). A single intraperitoneal injection of STZ
(50 mg/kg body weight) dissolved in freshly prepared citrate buffer (0.1 M, pH 4.5) was administered. After 72
hours, fasting blood glucose levels were measured using a glucometer. Rats with fasting blood glucose levels >200

mg/dL were considered diabetic and included in the study.

2.6. Experimental Design

The diabetic rats were randomly divided into six groups of six animals each (n = 6):
Group 1 (Normal Control): Non-diabetic rats receiving distilled water.

Group 2 (Diabetic Control): Diabetic rats receiving distilled water.

Group 3 (Standard Control): Diabetic rats treated with insulin (5 U/kg).

Group 4: Diabetic rats treated with X. aethiopica extract (200 mg/kg body weight).
Group 5: Diabetic rats treated with A. melegueta extract (200 mg/kg body weight).

Group 6: Diabetic rats treated with the combined extract of X. aethiopica and A. melegueta (200 mg/kg body
weight).

All treatments were administered orally once daily for 28 days.
2.7. Assessment of Biochemical Parameters

Blood Glucose Levels: Fasting blood glucose levels were measured weekly using a glucometer (Accu-Chek Blood

Glucose Meter; Roche Diabetes Care). Blood samples were collected from the tail vein.

Serum Insulin Levels: Serum insulin levels were measured using an enzyme-linked immunosorbent assay

(ELISA) kit (Elabscience Biotechnology Inc., Wuhan, China) following the manufacturer's instructions.

Oxidative Stress Markers: Biochemical assays for oxidative stress markers such as malondialdehyde (MDA),
superoxide dismutase (SOD), and catalase (CAT) were performed to evaluate the antioxidant potential of the

extracts using the procedures described by Okari et al. [38].
2.8. Statistical Analysis

Data were expressed as mean + standard error of the mean (SEM). Statistical comparisons were made using
one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. A p-value < 0.05 was considered

statistically significant. Analyses were performed using SPSS software (version 25.0).
3. Results
3.1. Effects of Extracts on Fasting Blood Glucose Levels
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Table 1 demonstrates the changes in fasting blood glucose (FBG) levels over a 4-week period in various treatment
groups. The normal control group (Group 1) maintained stable glucose levels around 92-95 mg/dL, reflecting
normal glucose regulation. The diabetic control group (Group 2) showed a steady increase in glucose levels, from
260 + 10 mg/dL at baseline to 275 + 14 mg/dL at Week 4, confirming hyperglycemia due to diabetes. The standard
control group treated with insulin (Group 3) experienced a significant reduction in glucose levels, achieving
near-normal levels (100 + 6 mg/dL) by Week 4.

Both the diabetic rats treated with X. aethiopica extract (Group 4) and A. melegueta extract (Group 5) exhibited
progressive glucose reductions, though neither achieved normoglycemia. By Week 4, FBG levels were 145 + 7

mg/dL and 148 + 6 mg/dL, respectively.

The synergistic extract group (Group 6) showed the most notable improvement among the treatment groups,
reducing glucose levels to 120 + 5 mg/dL by Week 4, demonstrating a pronounced hypoglycemic effect when the

extracts were combined.

Table 1. Effects of Extracts on Fasting Blood Glucose Levels (mg/dL).

Group Week 0 Week 1 Week 2 Week 3 Week 4
(Baseline)

Normal Control 95+5 95+4 94 +6 93+5 92+6
Diabetic Control 260 = 10 258+ 12 265+ 15 270+ 13 275+ 14
Standard Control 261+9 170+ 8 125+6 1105 100+ 6
Xylopia Extract 259+ 11 220+ 10 1809 150+ 8 145+ 7
Aframomum Extract 258 £10 225+ 9 190 £ 10 160 + 7 148 + 6
Synergistic Extract 260 + 10 190+ 9 1407 125+ 6 1205

3.2. Effect of Extracts on Serum Insulin Levels

The impact of different treatments on serum insulin levels in diabetic and control groups are presented in Table 2.
The normal control group (Group 1) exhibited the highest serum insulin levels (20.5 + 2.0 plU/mL), indicative of
healthy pancreatic f-cell function and normal glucose regulation. In contrast, the diabetic control group (Group 2)
showed significantly reduced insulin levels (5.2 + 0.5 uIU/mL), reflecting the severe B-cell dysfunction caused by
streptozotocin-induced diabetes. The standard control group treated with insulin (Group 3) demonstrated effective
recovery, with serum insulin levels increasing to 18.5 = 1.8 plU/mL, nearly matching the normal control group,
indicating successful therapeutic intervention. Diabetic rats treated with X. aethiopica extract (Group 4) and A.
melegueta extract (Group 5) showed moderate improvements in serum insulin levels, reaching 12.0 + 1.2 plU/mL
and 11.5 £ 1.1 plU/mL, respectively. While these levels were significantly higher than the diabetic control group,
they remained below normal values, indicating partial restoration of $-cell activity. The synergistic extract group
(Group 6) demonstrated the most significant recovery among the extract-treated groups, achieving serum insulin
levels of 19.0 + 1.5 plU/mL. This result suggests near-complete restoration of B-cell function and highlights the

enhanced efficacy of the combined extract compared to individual treatments.
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Table 2. Effect of Extracts on Serum Insulin Levels (uIU/mL).

Group Serum Insulin Levels (uIU/mL)
Normal Control 20520

Diabetic Control 52+05

Standard Control 185+1.38

Xylopia Extract 120+1.2

Aframomum Extract 11511

Synergistic Extract 19.0+15

3.3. Effect of Extracts on Oxidative Stress Markers

Table 3 shows the levels of malondialdehyde (MDA) and the activities of the antioxidant enzymes superoxide
dismutase (SOD) and catalase (CAT) in different treatment groups.

The normal control group (Group 1) maintained optimal oxidative stress marker levels, with low MDA (1.8 £ 0.2
nmol/mg) and high SOD (12.5 + 1.1 U/mg) and CAT (15.0 £ 1.2 U/mg) activities, reflecting balanced oxidative and
antioxidative processes. In contrast, the diabetic control group (Group 2) exhibited significantly elevated MDA
levels (5.5 + 0.4 nmol/mg), indicating increased lipid peroxidation, and reduced activities of SOD (4.0 £ 0.3 U/mg)
and CAT (6.0 £ 0.5 U/mg), suggesting compromised antioxidant defenses due to diabetes-induced oxidative stress.
The standard control group treated with insulin (Group 3) showed substantial improvement in oxidative stress
markers, with MDA reduced to 2.0 £ 0.2 nmol/mg and SOD and CAT activities increasing to 11.8 + 1.0 U/mg and
145 + 1.1 U/mg, respectively. These values closely approached those of the normal control group, indicating
effective mitigation of oxidative stress. Diabetic rats treated with X. aethiopica extract (Group 4) and A. melegueta
extract (Group 5) showed moderate reductions in MDA levels (3.5 = 0.3 nmol/mg and 3.8 = 0.3 nmol/mg,
respectively) and partial recovery of SOD (8.0 £ 0.8 U/mg and 7.5 + 0.7 U/mg) and CAT (10.0 + 1.0 U/mg and 9.8
+ 0.9 U/mg) activities. These improvements suggest antioxidant properties of the individual extracts, though the
recovery was incomplete compared to the standard control group. The synergistic extract group (Group 6)
exhibited the most pronounced recovery among the extract-treated groups, with MDA levels reduced to 2.1 £ 0.2
nmol/mg and SOD and CAT activities restored to 11.0 £ 1.1 U/mg and 13.5 = 1.0 U/mg, respectively. These results
closely aligned with the standard control group, highlighting the enhanced antioxidative efficacy of the combined

extracts over the individual treatments.

Table 3. Effect of Extracts on Oxidative Stress Markers.

Group MDA (nmol/mg) SOD (U/mg) CAT (U/mg)
Normal Control 1.8+£0.2 125+1.1 15012
Diabetic Control 55+04 40+0.3 6.0£05
Standard Control 20+£0.2 11.8+1.0 145+11
Xylopia Extract 3503 8.0+0.38 100+1.0
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Aframomum Extract 3.8+0.3 7507 9.8+£0.9
Synergistic Extract 21+0.2 11.0+£1.1 135+1.0
7 4. Discussion

Pancreatic B-cell dysfunction is central to the pathophysiology of diabetes, particularly type 1 and type 2 diabetes
mellitus [39]. B-cells are responsible for synthesising and secreting insulin in response to elevated blood glucose
levels. In diabetes, B-cells either undergo destruction, as seen in type 1 diabetes, or become dysfunctional due to
insulin resistance and chronic hyperglycemia in type 2 diabetes [40]. This dysfunction leads to an insufficient
insulin response, causing persistent hyperglycemia and contributing to the progression of diabetes [41]. In type 2
diabetes, B-cells initially compensate for insulin resistance by increasing insulin secretion, but over time, their
function declines due to oxidative stress, inflammation, and a variety of other metabolic disturbances [42]. Thus,
protecting B-cells from oxidative damage and promoting their regeneration is a key therapeutic target for managing
diabetes [43].

4.1. Effects of Extracts on Fasting Blood Glucose Levels

The findings in this study show that both X. aethiopica and A. melegueta extracts significantly reduced fasting
blood glucose (FBG) levels in diabetic rats over a 4-week period. These reductions were less pronounced than those
observed in the insulin-treated group but were still substantial, particularly in the group treated with the synergistic
combination of both plant extracts. The synergistic group exhibited the most significant improvement, with FBG

levels decreasing from baseline values of 260 + 10 mg/dL to 120 + 5 mg/dL by Week 4.

Several studies have demonstrated the anti-hyperglycemic effects of both X. aethiopica and A. melegueta [26, 27,
44]. For instance, X. aethiopica has been shown to have antidiabetic properties due to its ability to reduce blood
glucose levels and enhance insulin sensitivity [45-47]. Similarly, A. melegueta has been reported to exhibit
hypoglycemic effects by stimulating insulin secretion and enhancing glucose utilisation [48]. The synergistic effect
observed in this study is consistent with findings that combining plant extracts with complementary mechanisms
may provide greater therapeutic efficacy [49]. The observed reduction in blood glucose levels may be attributed to

the antioxidant and insulinotropic effects of the plant extracts, which help restore glucose homeostasis [50].
4.2. Effect of Extracts on Serum Insulin Levels

The findings of this study show the impact of the extracts on serum insulin levels. The diabetic control group
showed significantly lower insulin levels (5.2 + 0.5 pulU/mL) compared to the normal control group (20.5 £ 2.0
ulU/mL), confirming B-cell dysfunction and reduced insulin secretion in diabetes. Treatment with X. aethiopica
and A. melegueta extracts resulted in higher insulin levels (12.0 £ 1.2 plU/mL and 11.5 £ 1.1 plU/mL, respectively)
compared to the diabetic control, although they were lower than those observed in the insulin-treated group (18.5 +
1.8 plU/mL). The synergistic extract group had the highest insulin levels (19.0 £ 1.5 plU/mL), suggesting that the
combination of both extracts may have a more pronounced effect on stimulating insulin secretion. The ability of
these extracts to enhance insulin secretion is supported by previous research. Xylopia aethiopica has been shown to

stimulate insulin secretion through its effect on pancreatic -cells, potentially through the modulation of the insulin
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signaling pathway [51, 52]. Similarly, A. melegueta contains bioactive compounds that have been found to increase
insulin production and improve glucose utilisation [48]. The enhanced insulin levels observed in the synergistic
group may be the result of the combined effects of both plants, which may act on different pathways involved in
insulin synthesis and secretion [53].

4.3. Effects of Extracts on Oxidative Stress Markers

Oxidative stress plays a significant role in the pathogenesis of diabetes, contributing to B-cell dysfunction and
insulin resistance [38]. The results of this study present the effects of the extracts on oxidative stress markers,
including malondialdehyde (MDA), superoxide dismutase (SOD), and catalase (CAT). The diabetic control group
showed elevated MDA levels (5.5 £ 0.4 nmol/mg), indicating increased lipid peroxidation and oxidative damage,
along with reduced levels of SOD (4.0 £ 0.3 U/mg) and CAT (6.0 £ 0.5 U/mg), suggesting impaired antioxidant
defense mechanisms. The treatment with extracts of X. aethiopica and A. melegueta resulted in reduced MDA
levels and increased SOD and CAT activity, suggesting that these extracts possess antioxidant properties [38, 54].
The synergistic extract group exhibited the most notable improvement, with MDA levels (2.1 + 0.2 nmol/mg), SOD
activity (11.0 £ 1.1 U/mg), and CAT activity (13.5 = 1.0 U/mg) approaching those of the normal control group. This
suggests that the combination of the two extracts may have a more potent antioxidant effect, by potentially reducing
oxidative stress and protecting B-cells from damage [38, 55].

Empirical studies support the antioxidant effects of both X. aethiopica and A. melegueta. For example, the seeds of
X. aethiopica have been shown to exhibit significant antioxidant activity, which could help mitigate the oxidative
stress associated with diabetes [56]. Likewise, A. melegueta has demonstrated antioxidant properties that may
protect against the oxidative damage to B-cells [57]. The enhanced antioxidant effects in the synergistic treatment
group may be due to the combined phytochemicals from both extracts, which could work synergistically to

neutralise free radicals and prevent cellular damage (58, 59].
25, Conclusion

This study aimed to evaluate the synergistic effects of X. aethiopica (Uda) and A. melegueta (Alligator Pepper) seed
extracts on pancreatic B-cells of streptozotocin-induced diabetic rats. The findings demonstrate that both extracts
possess significant antidiabetic properties, as evidenced by improved blood glucose regulation, enhanced insulin
secretion, and reduced oxidative stress. These effects are largely attributable to their ability to protect and promote
the regeneration of pancreatic f-cells. Importantly, the combined administration of X. aethiopica and A. melegueta
produced a more pronounced therapeutic outcome compared to individual treatments, indicating a synergistic
interaction that enhances overall efficacy. This suggests that the integration of both extracts may offer a more
robust strategy for mitigating -cell dysfunction and oxidative damage associated with diabetes. Finally, the study
provides strong evidence supporting the potential of these plant extracts, particularly in combination, as adjuncts in

diabetes management. However, future studies should:

1. Investigate the molecular mechanisms through which the combined seed extracts of Xylopia aethiopica (Uda)

and Aframomum melegueta (Alligator Pepper) promote pancreatic 3-cell protection and regeneration.
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Determine the most effective and safe dosage, treatment duration, and formulation of the combined seed
extracts for the management of diabetes mellitus.

3. Perform detailed histopathological studies to further confirm the extent of pancreatic B-cell protection and
restoration following treatment with the combined extracts.

4.  Assess the long-term safety and therapeutic effectiveness of the combined seed extracts through well-designed

clinical studies to support their potential use in the management of diabetes.
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