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ABSTRACT

Type-2 diabetes mellitus (T2DM) is characterized by insulin resistance and progressive pancreatic 3-cell dysfunction.
Strategies that improve insulin sensitivity while preserving 3-cell function are essential for optimal metabolic control.
Momordica charantia has been widely used as an antidiabetic agent; however, evidence regarding its effects on insulin
resistance and B-cell function based on HOMA indices remains limited.

This study aimed to evaluate the effects of Momordica charantia on insulin resistance and pancreatic B-cell secretory
capacity in a T2DM rat model using HOMA-IR and HOMA-3 parameters. An experimental laboratory study with a
post-test only control group design was conducted using 36 male Wistar rats randomly assigned into six groups (n =
6). T2DM was induced using the streptozotocin—nicotinamide protocol. Treatment groups received oral Momordica
charantia extract (75, 150, and 300 mg/kg body weight), while a compatator group received vildagliptin. Fasting blood
glucose and insulin levels were measured, and HOMA indices were calculated. Data were analyzed using one-way
ANOVA and Kruskal-Wallis tests.

Administration of Momordica charantia significantly reduced HOMA-IR and increased HOMA-8 values (p < 0.05),
indicating improved insulin sensitivity and B-cell function. These findings support the potential role of M. charantia as
a herbal-based adjunctive agent in T2DM management.
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INTRODUCTION

Type-2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by peripheral insulin
resistance and a progressive decline in pancreatic B-cell secretory capacity. In the early stages of the disease,
pancreatic B-cells compensate for insulin resistance by increasing insulin secretion; however, prolonged

metabolic stress ultimately leads to B-cell dysfunction and impaired glucose homeostasis (Efird, 2014;
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Richter et al., 2023). This dual pathophysiology highlights the importance of therapeutic strategies that not

only reduce insulin resistance but also preserve or restore 3-cell function.

The Homeostatic Model Assessment indices, HOMA-IR and HOMA-8, are widely used to evaluate
insulin resistance and pancreatic B-cell secretory capacity. HOMA-IR reflects the degree of peripheral
insulin resistance, whereas HOMA-B represents the ability of pancreatic B-cells to secrete insulin in
response to fasting glucose levels. The combined evaluation of these indices provides a more integrated

assessment of metabolic status in T2DM compared to conventional glycemic parameters alone (Kim et al.,

2023; Mkhize et al., 2025a).

Momordica charantia (bitter melon) has long been utilized in traditional medicine as an antidiabetic
agent. Previous studies have demonstrated that M. charantia contains various bioactive compounds,
including charantin, polypeptide-P, flavonoids, and saponins, which contribute to glucose metabolism
regulation and insulin signaling pathways (Joseph & Jini, 2013; Z. Liu, 2021; Oyelere et al., 2022). In addition
to its hypoglycemic effects, M. charantia has been reported to exert antioxidant and cytoprotective activities
that may protect pancreatic $-cells from metabolic stress—induced damage (Salim, 2025; Shimada et al.,

2022).

Several experimental and clinical studies have suggested that M. charantia may improve glycemic
control and insulin sensitivity (Kim et al., 2023; Mes et al., 2025a; Mkhize et al., 2025b). Other studies have
also indicated its potential role in enhancing B-cell function and insulin secretion, including through
incretin-related mechanisms and cellular protection pathways (ALI et al., 2022; Deora & Venkataraman,
2023; Romdhoni et al., 2025). However, most of these studies primarily rely on conventional glycemic
markers and do not comprehensively assess the simultaneous interaction between insulin resistance and §3-

cell secretory capacity.

Therefore, a clear gap remains in the literature regarding the integrated evaluation of Momordica
charantia effects on both insulin resistance and pancreatic B-cell function using HOMA-based indices,
particularly in well-established type-2 diabetes mellitus experimental models. Addressing this gap is essential
to better understand the pharmacodynamic role of M. charantia as a metabolic modulator rather than solely

a glucose-lowering agent.

The novelty of this study lies in its integrative approach, which simultaneously evaluates insulin
resistance and pancreatic B-cell secretory capacity using HOMA-IR and HOMA-B indices in a
streptozotocin—nicotinamide-induced T2DM rat model. In addition, this study examines the dose-
dependent effects of M. charantia extract, providing further insight into its pharmacological profile and
therapeutic potential. Therefore, this study aimed to evaluate the effects of Momordica charantia on insulin
resistance and pancreatic B-cell secretory capacity in a rat model of type-2 diabetes mellitus using HOMA-

IR and HOMA-§ parameters.
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Ethical Approval

All experimental procedures involving animals were conducted in accordance with institutional
guidelines for animal care and use and complied with internationally accepted principles for laboratory

animal research, no. 91/UN27.06.11/KEP/EC/2023.
Experimental Animals

Healthy male Wistar rats (Rattus norvegicus), weighing 180—220 g at baseline, were used in this study.
Only male animals were selected to minimize hormonal variability. Animals were acclimatized for 7 days
prior to the experiment and housed under standard laboratory conditions (12-hour light/dark cycle,

controlled room temperature), with free access to standard chow and water (ad /ibitum).
Sample Size and Group Allocation

A total of 36 rats were randomly allocated into six experimental groups (n = 6 per group).

Randomization was performed to reduce selection bias. Each animal was assigned to only one experimental
group.
Experimental Groups
The experimental groups were defined as follows:
1. Normal Control Group
Rats received standard chow without diabetes induction.
2. Diabetic Control Group

Rats received standard chow and were induced with diabetes using the streptozotocin—nicotinamide

(STZ-NA) protocol.
3. Negative Control Group (Drug Comparator)

Rats received standard chow, were induced with STZ-NA, and were treated with vildagliptin at a dose

of 0.9 mg/day.
4. Treatment Group 1

Rats received standard chow, were induced with STZ-NA, and were administered Momordica charantia

fruit extract at a dose of 75 mg/kg body weight.
5. Treatment Group 2

Rats received standard chow, were induced with STZ-NA, and were administered Momordica charantia

fruit extract at a dose of 150 mg/kg body weight.
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6. Treatment Group 3

Rats received standard chow, were induced with STZ-NA, and were administered Momordica charantia

fruit extract at a dose of 300 mg/kg body weight.

This grouping strategy was designed to assess the dose-dependent effects of Momordica charantia

extract on metabolic parameters.
Induction of Type-2 Diabetes Mellitus

Type-2 diabetes mellitus was induced using the streptozotocin—nicotinamide (STZ-NA) method.
Rats were initially administered nicotinamide at a dose of 230 mg/kg body weight via intrapetitoneal
injection. Twenty minutes later, streptozotocin (STZ) was administered intraperitoneally at a dose of 65

mg/kg body weight (Romdhoni et al., 2025).

This protocol was selected to establish a T2DM model characterized by hyperglycemia, insulin
resistance, and partial pancreatic 3-cell damage, thereby closely mimicking the pathophysiology of human

T2DM.
Treatment Administration

Momordica charantia fruit extract was administered orally at the assigned doses for each treatment
group throughout the experimental period. The negative control group received vildagliptin as a

pharmacological comparator, while the diabetic control group did not receive any antidiabetic treatment.
Outcome Measures

At the end of the treatment period, fasting blood glucose and fasting insulin levels were measured.
Insulin resistance and pancreatic B-cell secretory capacity were assessed by calculating HOMA-IR and

HOMA-§ indices using standard formulas.
Statistical Analysis

Data distribution was assessed using the Shapiro—Wilk normality test. HOMA-IR values were
analyzed using one-way analysis of variance (ANOVA) as they met the assumptions of normality, whereas
HOMA-B values were analyzed using the Kruskal-Wallis test due to non-normal distribution. Statistical

significance was defined as a p-value < 0.05.

RESULTS AND DISCUSSION

This study demonstrated significant differences in HOMA-IR values among the experimental
groups. The diabetic control group exhibited the highest HOMA-IR values, whereas the normal control
group showed the lowest values. Rats treated with Momordica charantia exhibited lower HOMA-IR values

compared to the diabetic control group, indicating an improvement in insulin sensitivity.
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Analysis of HOMA-B values also revealed significant differences among groups. The diabetic
control group showed the lowest HOMA-§ values, while the treatment groups exhibited increased HOMA-

8 values, although these values did not reach those observed in the normal control group.
Fasting Blood Glucose and Insulin Levels

The mean fasting blood glucose (FBG) and insulin levels for each experimental group are presented
in Table 1. The normal control group demonstrated the lowest fasting blood glucose levels, whereas the
untreated diabetic group exhibited the highest levels. The treatment groups showed lower variability in
fasting blood glucose levels compared with the diabetic control group. Fasting insulin levels were relatively

comparable across groups, with only minor variations observed among the experimental groups.

Table 1. Mean fasting blood glucose and insulin levels.

Group FBG (mg/dL) Insulin Levels (uWIU/mL)

(Mean * SD) (Mean * SD)
I 132,00 £ 17,01 3,17 £ 0,23
11 454,00 £ 106,85 3,17 £ 0,24
111 214,00 = 103,04 3,46 + 0,34
v 315,50 £ 121,19 3,451+ 0,09
Y 402,50 + 158,38 2,97 £0,29
VI 291,00 + 127,37 3,15+ 0,43

Comparison of HOMA-IR Values among Groups

HOMA-IR was used to assess the degree of insulin resistance. The analysis demonstrated significant
differences in HOMA-IR values among the experimental groups based on one-way analysis of variance

(ANOVA) (p < 0.001).

The normal control group exhibited the lowest HOMA-IR values, whereas the untreated diabetic
group showed the highest values. The Momordica charantia—treated groups demonstrated reduced HOMA-

IR values compared with the diabetic control group.

Table 2. HOMA-IR values among experimental groups.

Group HOMA-IR
(Mean * SD)

I 1,05 £ 0,20

I1 3,47 £ 0,69
I 1,58 £0,93
v 2,70 £ 0,99
\4 3,05+ 1,32

VI 2,38 + 1,06
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Statistical analysis:

One-way ANOVA, p = 0.020
Comparison of HOMA-§ Values among Groups

HOMA-B was used to describe pancreatic B-cell function. Kruskal-Wallis analysis revealed
significant differences in HOMA- values among the experimental groups (p < 0.001).

The normal control group exhibited the highest HOMA-3 values, whereas the untreated diabetic
group showed the lowest values. The treatment groups demonstrated increased HOMA-§ values compared
with the diabetic control group, although these values remained lower than those of the normal control

group.

Table 3. HOMA- values among experimental groups.

Group HOMA-3
(Mean * SD)
I 16,85 £ 3,30
11 2,84 £ 234
111 7,15+ 391
v 5,58 = 2,68
A% 3,68 £ 1,76
VI 5,24 2,03

Statistical analysis:

Kruskal-Wallis test, p = 0.004

Overall, administration of Momordica charantia in a type-2 diabetes mellitus rat model resulted in
decreased HOMA-IR values and increased HOMA-B values compared with the untreated diabetic group.
These findings indicate an improvement in insulin sensitivity and pancreatic 3-cell function in the treatment

groups.

The present study demonstrated a significant reduction in HOMA-IR values in rats treated with
Momordica charantia, indicating an improvement in insulin sensitivity in a type-2 diabetes mellitus (T2DM)
model. This finding suggests that M. charantia is capable of modulating insulin resistance, a central
pathophysiological feature of T2DM. The observed reduction in HOMA-IR aligns with previous reports
describing the insulin-sensitizing effects of M. charantia in experimental models of diabetes(Garcia et al.,

2023; Richter et al., 2023).

One of the proposed mechanisms underlying the insulin-sensitizing effect of M. charantia involves

activation of the AMP-activated protein kinase (AMPK) pathway. AMPK plays a critical role in regulating
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cellular energy homeostasis by enhancing glucose uptake and fatty acid oxidation while suppressing hepatic
gluconeogenesis. Activation of AMPK by bioactive compounds derived from M. charantia has been shown
to improve peripheral insulin sensitivity, particularly in skeletal muscle and hepatic tissues (Chahrour et al.,

2025; Richter et al., 2023; Zhao et al., 2024).

In addition to AMPK activation, experimental studies have demonstrated that M. charantia can
modulate insulin signaling at the receptor and post-receptor levels. Bioactive constituents such as charantin
and flavonoids have been reported to enhance the expression and phosphorylation of insulin receptor
substrate-1 (IRS-1), thereby improving downstream insulin signal transduction (Y. Liu et al., 2021).
Improved IRS-1 signaling contributes to enhanced glucose transporter translocation and glucose uptake,
which may explain the reduced HOMA-IR values observed in the present study (ALI et al., 2022; Oyeleye
et al., 2022).

Beyond improvements in insulin sensitivity, the present study also demonstrated a significant
increase in HOMA-§ values in M. charantia—treated groups compared with the untreated diabetic group.
HOMA-B is widely used as a surrogate marker of pancreatic B-cell secretory capacity, and its increase
suggests partial restoration or preservation of B-cell function. This finding is particulatly relevant, as

progressive B-cell dysfunction is a hallmark of T2DM progression (Peter et al., 2021).

The improvement in HOMA-8 observed in this study may be attributed to a dual mechanism. First,
improved insulin sensitivity reduces the secretory burden placed on pancreatic 3-cells, thereby allowing
functional recovery. Second, M. charantia has been reported to exert direct cytoprotective effects on B-cells
through antioxidant and anti-apoptotic mechanisms, which may mitigate glucotoxicity- and lipotoxicity-

induced B-cell damage (Fujii et al., 2019; Pinzon et al., 2024; Shimada et al., 2022).

Experimental evidence further suggests that M. charantia enhances intracellular ATP production in
pancreatic B-cells, a critical step in glucose-stimulated insulin secretion. Increased ATP generation leads to
closure of ATP-sensitive potassium channels, membrane depolarization, and subsequent calcium influx,
ultimately triggering insulin exocytosis. This mechanism provides a plausible explanation for the increased

HOMA-B values observed in the treatment groups (Deora & Venkataraman, 2023; Shimada et al., 2022).

The findings of this study are consistent with results from clinical and translational research.
Randomized controlled trials and meta-analyses have reported trends toward reduced HOMA-IR and
improved B-cell-related indices in individuals with diabetes or prediabetes receiving M. charantia
supplementation, although the magnitude of effect varies depending on dosage, formulation, and treatment

duration (Al-Musawi, 2022; Kim et al., 2023; Mes et al., 2025b; Mkhize et al., 2025a).

Variability in the reported efficacy of M. charantia across studies may be attributed to differences in
extraction methods, bioactive compound concentrations, dosing regimens, and experimental models. These

factors highlight the importance of standardized preparation and dosing strategies to achieve reproducible
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metabolic effects, particularly when translating findings from animal models to clinical settings (Y. Liu et

al., 2021; Z. Liu, 2021; Pu et al., 2021; Ramli et al., 2021).

Importantly, the simultaneous reduction in HOMA-IR and increase in HOMA- observed in the
present study indicates that M. charantia does not act solely as a glucose-lowering agent. Instead, it appears
to function as a metabolic modulator that targets multiple components of T2DM pathophysiology. Such
multitarget effects are characteristic of several plant-derived therapies and may offer advantages over
monotherapeutic approaches that focus exclusively on glycemic control (Mkhize et al., 2025a; Richter et al.,

2023).

Opverall, the present findings support the potential role of Momordica charantia as an adjunctive
therapeutic agent in T2DM management by improving insulin sensitivity and preserving pancreatic 3-cell
secretory capacity. While the results from this animal model are promising, further studies are warranted to
elucidate precise molecular mechanisms, establish optimal dosing regimens, and confirm translational

relevance in well-designed clinical trials.

CONCLUSION

Administration of Momordica charantia in a type-2 diabetes mellitus rat model reduced insulin
resistance and enhanced pancreatic B-cell secretory capacity, as indicated by improvements in HOMA-IR
and HOMA- values. These findings strengthen the evidence that M. charantia has potential as a herbal-
based adjunctive agent in the modulation of metabolic disturbances in type-2 diabetes mellitus, particularly

through mechanisms involving improved insulin sensitivity and preservation of 3-cell function.

However, several limitations should be considered. First, this study was conducted in an animal
model, which may not fully represent the complexity of human T2DM. Second, the assessment of metabolic
effects was limited to HOMA-based indices without direct evaluation of molecular pathways such as AMPK
activation or B-cell histopathology. Third, variability in extract composition and the absence of
phytochemical standardization may influence reproducibility and translational applicability. Therefore,
further studies are warranted to investigate the underlying molecular mechanisms, optimize dosing

strategies, and validate these findings in well-designed clinical trials.
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