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ABSTRACT

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder that requires effective therapeutic strategies with minimal adverse effects. The
search for complementary antidiabetic agents derived from natural products has gained increasing attention, particularly those with potential
antihyperglycemic activity and favorable safety profiles. Corn silk (Stigma maydis) contains bioactive compounds reported to influence glucose
metabolism, making it a promising candidate for adjunctive therapy in T2DM management. This study aimed to evaluate the antihyperglycemic
effect of the optimal dose of Stigma maydis ethanol extract (P3) compared with metformin (positive control, K+) in alloxan-induced hyperglycemic
male Swiss Webster mice. Male Swiss Webster mice were induced with alloxan at 150 mg/kgBW to establish a hyperglycemic model. The optimal
dose of Stigma maydis extract (P3) and metformin (K+) were administered orally for 14 days. Blood glucose levels were measured before and
after treatment. Paired t-tests were used to assess within-group changes, while independent t-tests were applied to compare post-treatment
glucose levels between groups. The P3 group demonstrated a significant reduction in blood glucose levels (p = 0.003), with a post-treatment
mean of 111.40 mg/dL. Although the numerical decrease in the P3 group exceeded that of the metformin group, the difference between groups
was not statistically significant (p = 0.576). These findings indicate that the antihyperglycemic activity of Stigma maydis extract is statistically
comparable to metformin under the experimental conditions tested. In conclusion, the optimal dose of Stigma maydis ethanol extract produced a
significant antihyperglycemic effect in alloxan-induced mice, with efficacy comparable to metformin. These results support the potential of Stigma
maydis as a complementary therapeutic option for T2DM management, warranting further investigation in larger preclinical and clinical studies.
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INTRODUCTION

Diabetes mellitus is a major non-communicable disease characterized by chronic hyperglycemia resulting from long-standing metabolic
disturbances that progressively impair multiple organ systems, particularly the cardiovascular system, kidneys, eyes, and peripheral nerves [1,2].
Type 2 diabetes mellitus (T2DM) represents the predominant form among adults and is primarily associated with insulin resistance accompanied
by B-cell dysfunction, whereas type 1 diabetes mellitus (T1DM) results from autoimmune destruction of pancreatic -cells leading to absolute
insulin deficiency [2-6]. These distinct etiological pathways highlight the complexity of diabetes pathophysiology and reinforce the need for
therapeutic strategies tailored to the underlying metabolic abnormalities.

Over the past two decades, the global prevalence of diabetes has increased at a rate that exceeds the capacity of health systems to provide
adequate disease management. The International Diabetes Federation (IDF) estimates that 11.1% of the world’s adult population aged 20-79
years will be living with diabetes by 2025, with projections indicating a rise to approximately 853 million individuals by 2050 [1,7]. These projections
are consistent with World Health Organization (WHO) reports showing that nearly 59% of adults with diabetes have not received adequate
treatment, particularly in low- and middle-income countries where access to diagnostic and therapeutic services remains limited [1]. In Indonesia,
the national trend mirrors global patterns, with an estimated 20.4 million diabetes cases reported in 2024 [7]. This rapid increase underscores
persistent gaps in early detection and routine management, suggesting that current strategies have not fully mitigated disease progression or its
associated complications.

The Indonesian Society of Endocrinology (PERKENI) recommends metformin as the first-line pharmacological therapy for T2DM due to its
well-established efficacy in enhancing insulin sensitivity and reducing hepatic glucose production through activation of the AMP-activated protein
kinase (AMPK) pathway [8-10]. Despite its therapeutic benefits, adherence to metformin is often hindered by limited access, variable tolerability,
and socioeconomic constraints. Clinically, long-term metformin use is associated with common gastrointestinal adverse effects such as nausea,
diarrhea, and abdominal discomfort, as well as more serious risks including lactic acidosis and vitamin B12 deficiency [8-12]. Beyond clinical
considerations, disparities in socioeconomic conditions and healthcare availability further influence treatment consistency, prompting some
patients to seek complementary approaches outside conventional therapy. These combined factors contribute to the increasing use of herbal
medicines as adjunctive treatments [8,13].

This trend aligns with a broader societal shift toward natural or “back to nature” approaches, which are perceived as more affordable, more
accessible, and associated with fewer side effects, consistent with cultural values and evolving health beliefs shaped by discomfort with
conventional chemical medications [11,14-17]. From a scientific standpoint, this shift underscores the need to identify natural-product-based
therapeutic candidates with verified mechanistic pathways and metabolic benefits relevant to T2DM management [18,19]. The rising prevalence
of diabetes, coupled with suboptimal coverage of standard therapies, highlights the importance of safe, accessible complementary interventions
capable of supporting glycemic control without adding clinical risk. Phytochemical-based complementary approaches become particularly relevant
when their biological mechanisms demonstrate potential to address therapeutic gaps not fully covered by standard pharmacotherapy.

Corn silk (Stigma maydis), a biological by-product of the maize plant (Zea mays L.), contains a diverse array of bioactive metabolites including
flavonoids, saponins, alkaloids, tannins, and polyphenols [20-24]. These compounds have been reported to exert antihyperglycemic effects
through several mechanisms identified in both in vitro and in vivo studies, such as enhancement of glucose utilization, modulation of insulin
sensitivity via AMPK-related pathways, and inhibition of carbohydrate-digesting enzymes including o-amylase and o-glucosidase [25-28]. This
mechanistic profile positions Stigma maydis as a promising complementary therapeutic candidate with a potentially low risk of hypoglycemia and
mechanistic overlap with metformin [9,25,26]. Although various studies have demonstrated reductions in blood glucose and improvements in
glycemic parameters in animal models, direct comparative evidence evaluating its effectiveness relative to standard therapies such as metformin
remains limited [25,27,28]. Furthermore, many previous studies have focused on isolated biochemical parameters without examining their direct
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relationship to glycemic responses, leaving the comparative therapeutic landscape insufficiently defined. Addressing this scientific gap is essential
for assessing the feasibility of Stigma maydis as a complementary therapy that could be used alongside or as a supportive alternative to standard
T2DM management. Based on this background, the present study aims to evaluate and compare the antihyperglycemic effects of corn silk extract
at its optimal dose (P3) with metformin (K+) in alloxan-induced mice as an initial step toward characterizing glycemic response patterns relative
to standard therapy.

METHODS

The study was conducted in June 2024 and took place in a controlled laboratory setting, encompassing the sequential phases of extract
preparation, phytochemical screening, and experimental evaluation of antihyperglycemic activity. All procedures were performed within the
facilities designated for small-animal experimentation and phytochemical analysis. The research employed a laboratory-based experimental
design using a pre—post test control group structure to assess the antihyperglycemic effects of ethanol extract of corn silk (Zea mays L.) on
alloxan-induced male mice. Fresh corn silk of the Hibrida TKS 234 or Reog 234 variety was sourced from local farmers in Ponorogo. The plant
material was cleaned, shade-dried for seven days, and ground into fine powder. Extraction was conducted through maceration in 70% ethanol for
seven days at a material-to-solvent ratio of 1:10 (b/v). The filtrate was subsequently concentrated using a rotary evaporator to obtain a viscous
extract. Phytochemical screening was performed to identify secondary metabolites including alkaloids, flavonoids, saponins, tannins, and phenolic
compounds using the Trease and Evans (1989) protocol [29)].

The experimental subjects consisted of male Swiss Webster mice aged 2-3 months and weighing 20-30 grams. Prior to treatment, the animals
underwent a seven-day acclimatization period under controlled environmental conditions, including a temperature range of 22-25 °C and a
12-hour light—dark cycle, with unrestricted access to food and water. Mice were fasted for six hours before induction. Diabetes was induced by
intraperitoneal injection of alloxan monohydrate at a dose of 150 mg/kg body weight, followed by oral administration of 5% glucose solution after
24 hours to prevent acute hypoglycemia. Seventy-two hours after induction, fasting blood glucose levels were measured, and mice with values =
200 mg/dL were classified as diabetic and included in the study.

Although the main experiment consisted of five groups, the present report focuses on two principal groups, each comprising five animals. The
Positive Control group (K+) received metformin at a dose of 100
mg/kg body weight, while the Optimal Dose Treatment group (P3)
received ethanol extract of corn silk at 0.273 g/kg body weight,

Table 1. Phytochemical profile of corn silk (Stigma maydis)

equivalent to 400 mg of dried powder per kilogram body weight ~ |C°mpound | Reagent Parameter/expected | Observed
[20,30-32]. Random allocation was applied to assign animals to : reaction : result
groups, and all interventions were administered orally using an oral | Flavonoids | Mg powder + HCl __|Orange coloration |+
gavage tube for a duration of fourteen days. : Mayer's reagent Deep red col_or_anon +

The primary outcome variable was fasting blood glucose  |Alkaloids —|Wagner'sreagent | Orange precipitate |+
concentration, measured at three time points: baseline (prior to Dragendorff's reagent| Brown precipitate |+
induction), diabetes confirmation (72 hours post-induction), and ~ |Tannins  |FeCls Dark brown-black |+
post-treatment (day 14). Measurements were obtained using a coloration
digital glucometer (Easy Touch®) following standardized  |Steroids | Liebermann—-Burchard - -
procedures. Data were assessed for normality using the Shapiro— Saponins |- Stable persistent froth | +

Wilk test and for homogeneity of variance prior to parametric

analysis. When assumptions were met, within-group pre-post  Table 2. Normality test (pre—post) in K* and P3 groups
changes were analyzed using paired t-tests, while between-group

comparisons were conducted using independent t-tests. Despite  [|ndicator Treatment group Statistic [df [p-value
the small sample size (n =5 per group), the use of parametric tests Pre-treatment glucose| Metformin (K*) 0926 5 10568
remained acceptable because t-tests maintain stable Type | error (mgldL) Optimal extract (P3) |0.910 5 (0467
rates when distributional assumptions are satisfied [33]. Post-treatment Metformin (K*) 0952 5 10.748
All animal procedures adhered to the principles of glucose (mg/dL) Optimal extract (P3) |0.888 5 10.349

Replacement, Reduction, and Refinement (3R), ensuring
minimization of distress, discomfort, and unnecessary exposure _ .
throughout the study. The ethical safeguards implemented in this ~ Table 3. Paired t-test for pre-post glucose levels in K* and P3 groups

research affirm the scientific integrity and humane conduct of all

experimental activities. Treatment group |Mean glucose |Mean glucose |t p-value
pre £ SD post + SD
RESULTS Metformin (K*)  |216.20 + 31.204 | 114.00 + 10.55910.193 |<0.001
Optimal extract (P3) | 225.80 + 36.383 111.40 + 8.620 |6.230 |0.003

The qualitative phytochemical screening demonstrated that the
Stigma maydis extract produced strong positive reactions for _ ) .
flavonoids and positive results for tannins, saponins, and alkaloids, ~ Table 4. Normality test for glucose reduction (A mg/dL) in K* and P3

whereas the steroid test yielded a negative result. The — 9roups

predominance  of flavonoids is consistent with the | Variable | Treatment Group Statistic | df | p-value
antihyperglycemic tendencies observed in the treatment group, | Amg/dL | Metformin (K*) 0.825 5 0.126
given the well-documented role of flavonoid compounds in Optimal Extract (P3) 0.912 5 0.480

modulating glucose metabolism and oxidative stress pathways.

The Shapiro-Wilk test indicated that all pre- and post-treatment  Taple 5. Independent t-test for glucose reduction (A mg/dL) between K*
glucose values in both the K* and P3 groups had p-values greater  and P3 groups
than 0.05, as shown in Table 2. These results confirm that the data

were normally distributed and therefore met the assumptions Treatment group Mean + SD t df | p-value
required for parametric statistical analysis. Metformin (K*) 102.200 £ 22421 | 0583 | 8 | 0576
The paired t-test revealed a statistically significant reduction in Optimal extract (P3) | 114.400 + 41.058

fasting blood glucose levels in both the K* and P3 groups (Table 3).
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Both groups exceeded the a = 0.05 significance threshold, indicating that the pre—post reductions were statistically meaningful. The distribution of
AKGD values in both the K* and P3 groups also showed p-values greater than 0.05 (Table 4), confirming normal distribution and supporting the use
of anindependent t-test for between-group comparison. The independent t-test comparing AKGD between the K* and P3 groups showed that although
the P3 group exhibited a higher mean reduction in glucose levels, the difference was not statistically significant (p > 0.05), as presented in Table 5.
These findings indicate that both treatments demonstrated comparable antihyperglycemic effectiveness based on statistical evaluation.

DISCUSSION

The phytochemical screening of the ethanol extract of Stigma maydis demonstrated that flavonoids were the most consistently detected class
of secondary metabolites across all assays, accompanied by the presence of alkaloids, tannins, and saponins, whereas steroidal compounds
were not identified under the extraction conditions applied. This compositional pattern aligns with the findings of Usman et al. (2024), who similarly
reported the presence of flavonoids, tannins, and saponins in Stigma maydis extracts [20]. Variations in the detection of steroidal constituents
across studies have been attributed to multiple biological and technical factors, including differences in plant maturity, maize hybrid type, cultivation
region, and solvent polarity, all of which may influence the extraction efficiency and chemical profile of the resulting extract [24]. Considering the
mechanistic pathways previously described for flavonoids, their predominance in the extract provides a plausible explanation for the
antihyperglycemic activity observed in alloxan-induced diabetic mice, particularly given the well-established role of flavonoids in modulating
glucose metabolism [28].

Mechanistically, flavonoids exert antioxidant effects that support the regeneration of pancreatic B-cells and enhance insulin secretion. They
also inhibit carbohydrate-hydrolyzing enzymes such as intestinal a-glucosidase, thereby reducing postprandial glucose absorption and attenuating
glycemic excursions [34,35]. These biochemical actions are highly relevant in the context of diabetes, where glycemic regulation depends on the
integrity of pancreatic function, peripheral insulin sensitivity, and the body’s capacity to mitigate oxidative stress and inflammation—two major
contributors to metabolic deterioration.

Metformin, the first-line pharmacotherapy for type 2 diabetes, primarily improves glycemic control by enhancing insulin sensitivity and
suppressing hepatic glucose production, while also improving B-cell responsiveness to hyperglycemia [9,10,25]. Chen et al. (2020) demonstrated
that metformin reduces glucose burden through AMPK activation and increased glucose utilization in peripheral tissues [36]. In contrast,
phytochemical-based interventions such as Stigma maydis extract offer complementary mechanisms, including enhancement of glucose
metabolism, improvement of -cell function, and inhibition of digestive enzymes like a-glucosidase, which collectively contribute to reduced glucose
absorption and improved glycemic stability [28,35].

The glucose-lowering pattern observed in the optimal-dose Stigma maydis group (P3) showed an antihyperglycemic effect approaching that
of the metformin control group (K*), although the present study was not designed to establish clinical equivalence. Nonetheless, the findings
indicate that the optimal extract dose produced a consistent and hiologically meaningful antihyperglycemic response. This observation is supported
by Dong et al. (2022), who reported that Stigma maydis extract enhances insulin sensitivity and reduces insulin resistance by improving the
metabolic environment [37,38]. The parallel improvements in glucose regulation between metformin and Stigma maydis extract suggest that both
interventions contribute pharmacologically to the mitigation of hyperglycemia, a central determinant of metabolic stability in diabetes.

The effect observed in the P3 group also demonstrated a dose-responsive trend, consistent with previous reports describing dose-dependent
antihyperglycemic activity. Sani (2016) documented that increasing doses of methanolic corn silk extract produced progressively greater
reductions in blood glucose, while Koloay et al. (2015) reported that ethanol extract of corn silk achieved glucose-lowering effects statistically
comparable to glibenclamide under specific experimental conditions [39,40]. These mechanisms are further supported by Guo et al. (2009), who
found that corn silk extract enhances insulin secretion and ameliorates B-cell damage in alloxan-induced diabetic rats [41]. Collectively, these
findings are consistent with the present study, in which the P3 group exhibited a greater reduction in fasting glucose compared with lower doses
and approached the effect magnitude of metformin. The comparison is not intended to position the extract as clinically equivalent to metformin,
but rather to illustrate that the extract demonstrates a stable antihyperglycemic response under standardized experimental conditions. These
results strengthen the scientific rationale for considering optimal-dose ethanol extract of Stigma maydis as a potential complementary therapy in
the management of type 2 diabetes.

Study limitations

Despite the promising findings, several limitations should be acknowledged. The sample size in each group was relatively small (n = 5), which
may limit the statistical power and generalizability of the results. The study duration of fourteen days, although adequate for observing acute
antihyperglycemic effects, may not fully capture long-term metabolic adaptations or potential toxicity associated with prolonged extract
administration. The research design focused exclusively on fasting blood glucose as the primary outcome, without evaluating additional metabolic
markers such as insulin levels, oxidative stress indicators, lipid profiles, or histopathological changes in pancreatic tissue, which could provide a
more comprehensive understanding of the extract's mechanism of action. Furthermore, the study utilized a single optimal dose for comparison
with metformin, and the absence of a full dose-response curve limits the ability to determine the precise therapeutic window. Variability in the
phytochemical composition of Stigma maydis due to environmental and agronomic factors also presents a challenge for standardization and
reproducibility. Future studies incorporating larger sample sizes, extended treatment durations, broader biochemical assessments, and
standardized extract characterization would be valuable for strengthening the evidence base and supporting translational potential.

CONCLUSION

The ethanol extract of corn silk (Stigma maydis) at the optimal dose (P3) of 0.273 g/kg body weight produced a statistically significant reduction
in fasting blood glucose levels and demonstrated an antihyperglycemic pattern that closely approximated the effect of metformin in the
alloxan-induced diabetic mouse model. These findings indicate that the extract possesses a consistent biological activity capable of improving
glycemic regulation under controlled experimental conditions. Taken together, the results support the potential development of Stigma maydis
ethanol extract as a complementary therapeutic candidate for the management of type 2 diabetes, particularly in settings where
phytochemical-based interventions may offer accessible and culturally acceptable adjuncts to standard pharmacotherapy.
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