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Abstract 
 Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia due to insulin 
resistance and β cell dysfunction. This study aimed to evaluate the antidiabetic activity of an ethanolic extract of Allium 
chinense. Phytochemical analysis using thin-layer chromatography (TLC) and liquid chromatography-high-resolution 
mass spectrometry (LC-HRMS) confirmed the presence of bioactive flavonoids and phenolic compounds, including 
quercetin and 3-hydroxyflavanone, in the extracts. The extract exhibited moderate antioxidant activity (IC₅₀ = 
232.0 ± 15.2 μg/mL), with total phenolic and flavonoid contents of 18.06 ± 0.05 mg GAE/g and 5.73 ± 0.04 mg QE/g, 
respectively. In vivo evaluation was conducted using 30 male Wistar rats divided into 6 groups: Normal group (N), 
diabetic control (K−), glibenclamide-treated group (K+, 0.45 mg/kg BW), and treatment groups P1, P2, and P3 
receiving 200, 400 and 600 mg/kg BW of extract, respectively, for 28 days. The measured parameters included fasting 
blood glucose, HbA1c, superoxide dismutase (SOD), pancreatic histopathology, and expression of insulin, inducible 
nitric oxide synthase (iNOS), and caspase-3. The results showed that extract significantly reduced blood glucose and 
HbA1c levels, increased SOD activity, improved pancreatic structure, and modulated insulin, iNOS, and caspase-3 
expression. The most effective response was observed in group P3 (600 mg/kg BW), which showed outcomes 
comparable to those of group K(+). In conclusion, A. chinense demonstrated significant antidiabetic effects through 
antioxidant, anti-inflammatory, and antiapoptotic mechanisms and may serve as a promising natural adjuvant in the 
management of diabetes. 
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Introduction 

The chronic metabolic disease known as diabetes 
mellitus is characterized by high blood glucose levels 
(hyperglycemia) caused by the body’s inability to 
produce or utilize sufficient insulin. Diabetes has 
become an increasingly significant global health 
concern, with approximately 537 million adults 
affected worldwide as of 2023, and the number is 
projected to rise to 783 million by 2045 [1,2]. People 
with diabetes primarily inhabit in low- and middle-

income nations, and if left untreated, it can lead to 
serious problems and significant medical expenses [3]. 
The most prevalent type of diabetes, type 2, is caused 
by a confluence of factors, including decreased 
pancreatic insulin output and insulin resistance[4]. 
Approximately 90% of diabetes cases worldwide are 
type 2, and the condition is frequently worsened by 
poor diet, obesity, and physical inactivity [5]. Type 2 
diabetes develops due to insulin resistance and β-cell 
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dysfunction,  impairing glucose uptake and leading to 
chronic hyperglycemia [6]. Over time, this metabolic 
imbalance can lead to complications such as  renal 
failure, nerve damage, heart disease, and loss of 
eyesight [7].  
 Despite advancements in pharmacological 
interventions, traditional therapies have limitations in 
preventing the long-term complications associated with 
diabetes, particularly in advanced cases [8]. Oral 
antidiabetic drugs such as SGLT-2 inhibitors, 
metformin, and sulfonylureas are commonly 
prescribed, yet they may have serious side effects 
including hypoglycemia, heart palpitations, and 
gastrointestinal distress discomfort [9,10]. There is 
growing interest in herbal medicines due to their 
potential benefits and reduced adverse effects [11]. The 
hypoglycemic properties of herbal remedies have been 
extensively studied, with species from the genus 
Allium, such as garlic and onions, showing promising 
effects due to their bioactive compounds [12]. 
Streptozotocin (STZ) is widely recognized as a 
pancreatic β-cell-specific cytotoxic agent and is 
commonly used to induce diabetes in rodent models 
[13]. The diabetogenic effect of STZ is due to GLUT2-
mediated uptake into pancreatic cells. Although the 
precise mechanism of cytotoxicity remains unclear, 
both apoptotic and necrotic pathways of β-cell death 
have been reported [14]. 
 Common plants in the genus Allium, including 
onions and garlic, have long been utilized for their 
ability to enhance insulin sensitivity and lower blood 
sugar levels [15,16]. The local Indonesian onion, A. 
chinense has elicited interest due to its possible 
antidiabetic effects [17]. A. chinense is rich in bioactive 
substances, including flavonoids, alkaloids, and 
saponins, with flavonoids acting as antioxidants that 
can protect cells from oxidative damage, a major 
contributor to diabetes-related complications [18,19]. 
Conversely, alkaloids and saponins can lower blood 
sugar levels and reduce inflammation, thereby 
lessening the damage caused by hyperglycemia 
[20,21]. These phytochemicals support the use of A. 
chinense as a natural medicine to lower insulin 
resistance and restore pancreatic function [22]. 
Diabetes mellitus is becoming increasingly common, 
emphasizing the critical need for novel therapeutic 
strategies to enhance current therapies. While 

traditional medications for diabetes control help to 
maintain glycemic control, their adverse side effects 
and poor ability to deal with complications make it 
imperative to search for natural alternatives [23]. A. 
chinense demonstrates significant potential as an 
adjuvant therapeutic agent, being capable of reducing 
insulin resistance and enhancing pancreatic function, 
thereby potentially delaying the onset and progression 
of diabetes [24]. In this study, the ability of A. chinense 
extract to protect pancreatic cells from apoptosis was 
examined by investigating the effects of the ethanol 
extract on diabetic rats. 
 
Materials and methods 
 Materials 
 A. chinense was purchased from local 
markets.The chemical reagents used in the experiments 
included chemical reagents involved ethanol, ethyl 
acetate, acetone, aluminum chloride, aquadest, formic 
acid, chloroform, methanol, Folin-Ciocalteu reagent, 
gallic acid, quercetin, and DPPH (1,1-diphenyl-2-
picrylhydrazyl). Additionally, streptozotocin (STZ), 
sodium carboxymethyl cellulose (Na-CMC), and 
related compounds were utilized. For biochemical 
analysis purposes, HbA1C, SOD, insulin, iNOS, and 
caspase-3 assay kits were purchased from Merck. 
 
 Preparation of extract 
 Ethanolic extract of A. chinense was prepared by 
the maceration method. A total of 300 g of dried 
powder was immersed in 2,250 mL of 96% ethanol 
(analytical grade) for 5 days with periodic stirring in 
the dark using a sample-to-solvent ratio 1:7.5, w/v. 
After filtration, the residue was re-macerated for 2 
additional days using 750 mL of 96% ethanol (ratio 
1:2.5, w/v). The first and second filtrates were 
combined and concentrated using a rotary vacuum 
evaporator to obtain a thick extract with a total sample-
to-solvent ratio of 1:10 (w/v) [25]. 
 
 Thin-layer chromatography (TLC)-based 
detection of flavonoids in A. chinense 
 Phytochemical screening for flavonoids in A. 
chinense extract was performed using TLC on silica 
gel 60 F₂₅₄ plates. Three different mobile phases were 
employed: Ethyl acetate:Acetone:Formic acid (5:4:1 
v/v/v), Chloroform:Methanol (90:10 v/v), and 
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Chloroform:Methanol:Formic acid (80:10:10 v/v/v). 
The developed chromatograms were observed under 
UV light at 366 nm, where flavonoid compounds were 
indicated by bluish-green fluorescent spots. To further 
confirm the presence of flavonoids, plates were 
sprayed with 10% FeCl3 reagent, resulting in the 
appearance of dark green to bluish-colored spots. 
Retention factor (Rf) values for each spot were 
calculated to support the identification of flavonoid 
components. [26]. 
 
 Analysis of flavonoids and phenolic 
compounds in the extract using LC-HRMS 
 The phenolic compounds in the ethanolic extract 
of A. chinense were identified using Liquid 
Chromatography-High Resolution Mass Spectrometry 
(LC-HRMS). The process began with the preparation 
of the A. chinense extract, which was filtered and 
injected into the LC-HRMS system. The liquid 
chromatography (LC) phase separated the sample’s 
chemical components based on their affinity for the 
stationary phase of the chromatographic column. 
Following this separation, the high-resolution mass 
spectrometry (HRMS) phase analyzed the eluted 
compounds, determining their molecular masses with 
exceptional accuracy. This dual-phase technique 
enabled precise identification of the phenolic 
compounds in the extract. 
 
 Determination of total phenolic and flavonoid 
contents 
 The total phenolic and flavonoid contents of A. 
chinense extract were determined using 
spectrophotometric assays. The total phenolic content 
(TPC) was measured using the Folin–Ciocalteu 
method, with gallic acid as the standard. The 
absorbance was recorded at 765 nm, and TPC was 
expressed in mg gallic acid equivalents (GAE) per 
gram of extract [27]. The total flavonoid content (TFC) 
was determined using a colorimetric aluminum 
chloride method, with quercetin as the reference 
compound and the absorbance was measured at 415 
nm, TFC was expressed in mg quercetin equivalents 
(QE) per gram of extract [28].   
 
 
 

 Determination of antioxidant activity 
 The antioxidant activity of the A. chinense 
ethanol extract was evaluated using a DPPH radical 
scavenging assay. Various concentrations of the extract 
were prepared and mixed with a DPPH solution, while 
distilled water served as the reference. The mixtures 
were incubated under controlled conditions, and the 
absorbance was measured at 517 nm using a UV-Vis 
spectrophotometer (UV-2101PC, Shimadzu, Kyoto, 
Japan). The percentage of free radical scavenging 
activity was calculated using the following formula 
[29]: 
 

  
Experimental design 
 The study received approval from the Ethics 
Committee of Universitas Sumatera Utara (Ethical 
Approval No. 065/KP-USU/2024). Thirty male rats 
were acclimatized under standard laboratory conditions 
with unrestricted access to food and water for 1 week. 
Prior to induction, the animals underwent an 18-hour 
fasting period with water available ad libitum, and 
baseline blood glucose levels were measured using 
EasyTouch test strips. Diabetes was induced through 
intraperitoneal injection of STZ at a dose of 65 mg/kg 
BW, followed by administration of 10% sucrose for 24 
h to prevent hypoglycemia. After 72 h, the fasting 
blood glucose levels were reassessed, and those rats 
with glucose levels ≥ 250 mg/dL were classified as 
diabetic and included in the study [30]. The diabetic 
rats were randomly assigned to 5 groups (n = 5 per 
group), along with 1 non-diabetic normal control group 
(N). The experimental groups received oral treatment 
for 28 consecutive days as follows: (1) The negative 
control group (K−) was administered only CMC-Na; 
(2) treatment group P1 was administered 200 mg/kg 
BW of A. chinense extract; (3) treatment group P2 was 
administered 400 mg/kg BW of the extract; (4) 
treatment group P3 was administered 600 mg/kg BW 
of the extract; (5) the positive control group (K+) was 
given 0.45 mg/kg BW of glibenclamide, and (6) the 
normal control group (N) was neither induced with 
STZ nor treated. Blood glucose levels were monitored 
every 3 days during the treatment period. At the 
conclusion of the experiment, all rats were fasted for 
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18 h and euthanized via intraperitoneal injection of 
ketamine (70 mg/kg BW). The parameters assessed to 
evaluate antidiabetic activity included blood glucose, 
SOD, and HbA1c levels, as well as the expression of 
insulin, iNOS, and caspase-3.  Subsequently, 30 
diabetic rats were randomly allocated into 6 groups (n 
= 5 per group) and administered oral treatment over 28 
days as follows: (1) a negative control group (K−) that 
received only CMC-Na; (2) treatment group P1 that 
received 200 mg/kg BW of A. chinense extract; (3) 
treatment group P2 that received 400 mg/kg BW of the 
extract; (4) treatment group P3 that received 600 mg/kg 
BW of the extract; (5) a positive control group (K+) 
that received 0.45 mg/kg BW of glibenclamide, and (6) 
a normal control group (N) that was neither induced 
with STZ nor treated. Blood glucose levels were 
monitored every 3 days throughout the experimental 
period. At the end of the treatment period, all rats were 
fasted for 18 h and subsequently euthanized via 
intraperitoneal injection of ketamine (70 mg/kg BW). 
The parameters assessed to evaluate antidiabetic 
activity were the same as those measured in the first 
experiment  [31].  
 
 Histopathological analysis 
 In this study, changes in the histopathological 
appearance of the pancreas were observed by 

measuring the area of the islets of Langerhans, the 
number of islets of Langerhans, and the number of β 
cells. Measurements were carried out using an 
Olympus BX51 Olympus BX51 light microscope with 
the Optilab Advance application and documented using 
a digital camera. 
 
 Statistical analysis 
 The data were analyzed using GraphPad Prism 
Version 9.0. Data are expressed as mean ± standard 
deviation (SD). Differences between groups were 
examined using 1-way ANOVA followed by Tukey’s 
HSD test, with p < 0.05 considered significant. 
 
Results and discussion 
 Flavonoid identification by TLC 
 The presence of flavonoids in the ethanolic ex-
tract of A. chinense (Batak onion) was verified through 
TLC. Flavonoids were indicated by the appearance of 
green-blue fluorescent spots on the TLC plate when 
observed under ultraviolet light at 366 nm. The 
separation of compounds was achieved using 3 distinct 
mobile phases: ethyl acetate:acetone:formic acid, 
chloroform:methanol, and chloroform:methanol:formic 
acid (Figure 1). 

 

 
Figure 1 Identification of phytochemical compounds in ethanolic extract of A. chinense using TLC with citroborate 
spots visible under 366 nm UV light. (A) TLC chromatogram of the ethanolic extract of Batak onion (A. chinense) 
using the mobile phase of Ethyl Acetate: Acetone: Formic Acid showed spots at Rf1 = 0.50; Rf2 = 0.75; Rf3 = 0.97; and 
the reference standard (RfP) = 0.97. (B) TLC chromatogram using the mobile phase of Chloroform: Methanol showed 
spots at Rf1 = 0.48; Rf2 = 0.68; Rf3 = 0.75; Rf4 = 0.91; and the reference standard (RfP) = 0.68. (C) TLC 
chromatogram using the mobile phase of Chloroform: Methanol: Formic Acid showed spots at Rf1 = 0.36; Rf2 = 0.41; 
Rf3 = 0.72; Rf4 = 0.97; and the reference standard (RfP) = 0.98. 
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The TLC analysis using the initial mobile phase 
system comprising ethyl acetate, acetone, and formic 
acid identified 3 spots with Rf values of 0.50 (Rf1), 
0.75 (Rf2), and 0.97 (Rf3), all of which exhibited blue 
fluorescence. The reference compound (RfP) was 
observed at an Rf of 0.97, with a green hue. In the 
second mobile phase system utilizing chloroform and 
methanol, 4 spots were detected with Rf values of 0.48 
(Rf1) blue, 0.68 (Rf2) green, 0.75 (Rf3) blue, and 0.91 
(Rf4) blue, whereas the reference compound (RfP) was 
identified at an Rf of 0.68, with green coloration. In the 
third mobile phase system, consisting of chloroform, 
methanol, and formic acid, 3 spots appeared with Rf 
values of 0.36 (Rf1), 0.41 (Rf2), and 0.72 (Rf3), all 
displaying a blue color, and the reference compound 
(RfP) was detected at an Rf of 0.98, with a green color. 
The blue spots that emerged following the application 
of the citroborate reagent were presumed to be 
flavonoid compounds present in the ethanolic extract 
of A. chinense, whereas the green spots corresponded 
to the flavonoid standard compounds quercetin and 
rutin. These findings ware in accord with those of Lin 

et al. [32], who confirmed the presence of flavonoid 
compounds, including quercetin, in A. chinense. 
 
 LC-HRMS analysis of flavonoids and phenolic 
compounds in A. chinense extract 
 LC-HRMS analysis of the ethanolic extract of A. 
chinense identified several flavonoids and phenolic 
compounds, as illustrated in Figure 2 and Table 1. The 
flavonoids detected included quercetin (C15H10O7, RT 
= 7.462 min), flavokawain A (C18H18O5, RT = 9.663 
min), and 3-hydroxyflavanone (C15H12O3, RT = 8.953 
min), all of which are known for their substantial 
antioxidant and anti-inflammatory activities. In 
addition, several phenolic acids and their derivatives, 
including homovanillic acid (C9H10O4, RT = 5.359 
min), hymecromone (C10H8O3, RT = 8.958 min), and 
shogaol (C17H24O3, RT = 10.206 min), were identified. 
The presence of these bioactive compounds suggests 
that A. chinense extract is a promising natural source of 
therapeutic agents with diverse biological activities, 
particularly those associated with oxidative stress and 
inflammation

 

 
Figure 2 LC-HRMS chromatogram of the ethanolic extract of A. chinense. 
 
Table 1 Compounds in ethanolic extract of A. chinense. 

Name Formula RT (min) 
L-Tyrosine C9H11NO3 1.025 
Quercetin C15H10O7 7.462 

Homovanillic acid C9H10O4 5.359 
Flavokawain A C18H18O5 9.663 

3-Hydroxyflavanone C15H12O3 8.953 
Hymecromone C10H8O3 8.958 

Shogaol C17H24O3 10.206 
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The LC-HRMS analysis identified several 
phenolic and flavonoid compounds with potential 
antidiabetic effects. Quercetin exhibits vigorous 
antioxidant activity, reducing oxidative stress and 
enhancing insulin sensitivity in diabetic conditions 
[33]. Homovanillic acid may influence inflammatory 
responses linked to complications involved in diabetes 
[34]. Flavokawain A exerts antidiabetic effects by 
modulating cellular signaling pathways [35], while 
hymecromone supports liver function that is often 
impaired in diabetes [36]. The 3-Hydroxyflavanone 
regulates glucose and lipid metabolism through its 
antioxidant properties [37]. These observations support 
previous findings on the crucial roles of flavonoids and 
phenolics in the antidiabetic effects of herbal 
medicines.  
 
 
 

 Total phenolic, total flavonoid contents, and 
antioxidant activity of A. chinense extract 
 The TPC and TFC of the ethanolic extract of A. 
chinense were 18.06 ± 0.05 mg GAE/g extract and 5.73 
± 0.04 mg QE/g extract, respectively (Table 2). These 
concentrations indicated the substantial presence of 
antioxidant compounds in the extract. These values 
were relatively high compared to those of other Allium 
species. For example, the aqueous extract of A. 
mongolicum showed a TPC of 10.20 mg GAE/g and a 
TFC of 4.02 mg QE/g [38], whereas the ethanolic 
extract of A. cepa contained only approximately 2.72 
mg QE/g [39]. The observed differences may have 
resulted from variation in species characteristics, 
environmental conditions, extraction solvents, and 
processing methods. These findings support the strong 
antioxidant potential of A. chinense, making it a 
promising candidate for application in functional food 
and pharmaceutical formulations. 

 
Table 2 Antioxidant activity, total phenolic content and total flavonoid content. 

Sample 
Antioxidant activity 

(IC50) µg/mL 
Total phenolic content 

(mg GAE/g) 
Total flavonoid content 

(mg QE/g) 

Ethanolic extract of A. chinense 232.0 ± 15.2 18.0566 ± 0.046 5.7257 ± 0.039 
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Figure 3 The effect of A. chinense ethanol extract on DPPH radical scavenging activity. A significant concentration-
dependent inhibition of DPPH radicals was observed (p < 0.0001). 
 

The antioxidant activity of the ethanolic extract 
of A. chinense was evaluated based on its DPPH 
radical-scavenging ability, as shown in Figure 3 and 
Table 2. The extract resulted in a concentration-
dependent increase in inhibition, ranging from 
8.70 ± 1.51% at 12.5 μg/mL to 77.53 ± 1.86% at 
200 μg/mL. These findings indicate a clear dose-

dependent relationship, with an IC₅₀ value of 
232.0 ± 15.2 μg/mL and a strong positive correlation 
(R2 = 0.9839), suggesting moderate antioxidant 
capacity attributable to its phenolic and flavonoid 
contents. Compared to other Allium species, A. 
paradoxum exhibited weaker antioxidant activity, with 
an IC₅₀ of 890.9 ± 43.2 μg/mL [40], while A. flavum 
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extracts showed more vigorous activity, with IC₅₀ 
values ranging from 206.0 to 424.1 μg/mL, depending 
on the plant part and the extraction method [41]. These 
differences may be attributed to variation in 
phytochemical profiles, the plant parts used, and the 
solvent polarity. Therefore, the antioxidant activity of 
A. chinense observed in this study can be considered 
moderate, suggesting its potential as a natural source of 
antioxidants for the development of functional foods or 
nutraceuticals.  
 
 Effect of A. chinense extract on blood glucose, 
SOD and HbA1C levels in STZ-induced diabetic 
rats 
 The antihyperglycemic effects of the A. chinense 
ethanolic extract were reflected in the blood glucose 
levels in STZ-induced diabetic rats on day 28 (Figure 
4(A)). The diabetic control group (K−) exhibited 
persistently elevated glucose levels (365.9 ± 11.77 
mg/dL), confirming the successful induction of 
hyperglycemia. Administration of A. chinense at doses 
of 200 mg/kg BW (224.1 ± 3.12 mg/dL) and 400 
mg/kg BW (224.7 ± 4.72 mg/dL) significantly reduced 
glucose levels compared to the K(−) group (p < 0.05), 
although the doses had similar effects. A more 

pronounced reduction was observed at 600 mg/kg BW 
(186.7 ± 8.26 mg/dL), and the effect was not 
significantly different from that in the glibenclamide 
group (K+: 175.2 ± 3.61 mg/dL), suggesting 
comparable therapeutic efficacy. In contrast, the normal 
group (N) maintained the lowest glucose level (81.05 ± 
1.30 mg/dL), which was significantly different from all 
diabetic groups (p < 0.05). The potent antioxidant 
properties of A. chinense extract may underlie its 
antihyperglycemic activity, as oxidative stress impairs 
insulin signaling, promotes β-cell dysfunction, and 
contributes to the chronic inflammation associated with 
diabetes. Elevated reactive oxygen species (ROS) 
levels in diabetic patients can exacerbate insulin 
resistance and glucose intolerance through lipid 
peroxidation, protein oxidation, and DNA damage [42-
44]. These findings suggest that A. chinense may 
improve glycemic control in a dose-dependent manner 
by attenuating oxidative stress and enhancing β-cell 
function, with the highest dose showing an efficacy 
comparable to that of glibenclamide. This aligns with 
previous studies on other Allium species that have 
reported improved insulin sensitivity and pancreatic 
regeneration linked to the plants’ phytochemical 
content.

 

 
 
Figure 4 (A) shows blood glucose levels, (B) shows SOD levels, and (C) shows HbA1c levels in STZ-induced diabetic 
rats. K(−) refers to diabetic rats administered 0.5% CMC-Na suspension; P1 refers to diabetic rats treated with ethanolic 
extract of A. chinense at a dose of 200 mg/kg BW; P2 refers to diabetic rats treated with the extract at a dose of 400 
mg/kg BW; P3 refers to diabetic rats treated with the extract at a dose of 600 mg/kg BW; K(+) refers to diabetic rats 
treated with glibenclamide at a dose of 0.45 mg/kg BW; and N refers to the normal group that received neither STZ 
induction nor any treatment. Different letters in each graph indicate statistically significant differences between 
treatments (p < 0.05; ANOVA followed by Tukey’s test). 
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The SOD levels following treatment with A. 
chinense extract are shown in Figure 4(B). 
Quantification was conducted based on absorbance 
measurements interpolated using a logarithmic 
regression curve (y = 0.0024 ln(x) + 0.2716; r2 = 
0.8525) derived from standard concentrations ranging 
from 15.625 to 1,000 µg/mL. The diabetic control 
group (K−), which received a 0.5% CMC-Na 
suspension, exhibited the lowest SOD level, indicating 
severe oxidative stress due to the STZ injection. In 
contrast, administration of A. chinense extract at doses 
of 200 mg/kg BW (P1), 400 mg/kg BW (P2), and 600 
mg/kg BW (P3) significantly elevated SOD levels, to 
67.528 ± 13.826, 91.556 ± 1.980 and 137.597 ± 2.956 
µg/mL, respectively. Treatment with glibenclamide at 
0.45 mg/kg BW (K+) further increased SOD levels to 
162.389 ± 11.427 µg/mL, whereas the normal group 
(N) that received no STZ induction or treatment 
maintained a physiologically high antioxidant activity. 
These findings suggest that A. chinense extract 
enhanced the antioxidant capacity in the diabetic rats, 
with its highest dose approaching the efficacy of 
standard antidiabetic treatments. 
 Consistent with these effects, the A. chinense 
extract also reduced HbA1c levels (Figure 4(C)). The 
diabetic control group (K−) showed a marked increase 
in HbA1c (72.353 ± 5.194 µg/mL), significantly higher 
than the normal group (N: 28.080 ± 0.790 µg/mL; p < 
0.0001), reflecting the extent of chronic hyperglycemia 
and oxidative damage. Treatment with A. chinense at 
200, 400 and 600 mg/kg BW (P1 - P3) reduced the 
respective HbA1c levels to 39.603 ± 3.797, 37.563 ± 
0.856, and 32.716 ± 1.468 µg/mL, whereas 
glibenclamide (K+) produced a further reduction to 
27.803 ± 0.360 µg/mL. Although A. chinense lowered 
HbA1c levels, its efficacy remained slightly inferior to 
that of glibenclamide. The consistency of HbA1c 
reduction and SOD elevation supports the dual 
mechanism of A. chinense in improving the glycemic 
status and attenuating oxidative stress. These effects 
are likely mediated by its phytochemical constituents, 
including flavonoids, tannins, and saponins, as 
previously reported in studies using A. cepa  [45]. 
Quercetin enhances SOD activity  [46], while tannins 
and saponins act as free radical scavengers and 
antioxidants, protecting against oxidative damage in 

diabetic states [47,48]. Taken together, the findings 
indicate that A. chinense at a dose of 600 mg/kg BW 
(P3) demonstrated the most pronounced therapeutic 
effects among all tested doses, showing comparable 
outcomes to glibenclamide in reducing blood glucose 
and enhancing antioxidant defense. However, although 
HbA1c levels were significantly lower in the P3 group, 
they remained slightly elevated compared to the group 
given glibenclamide, suggesting that a more extended 
treatment duration or combination therapy may be 
required to achieve maximal glycemic normalization. 
Nonetheless, these results highlight the potential of A. 
chinense as a promising natural adjuvant for managing 
hyperglycemia and oxidative stress in patients with 
diabetes. 
 
 Effect of A. chinense extract on rat pancreas 
histopathology  
 Histopathological analysis of pancreatic tissue 
after 28 days of treatment was conducted using hema-
toxylin and eosin (HE) staining under 40× magnifica-
tion. Figures 5(A) - 5(F) and Table 3 present the ob-
served morphological changes in pancreatic cells. The 
negative control group K(−) (TBI + CMC-Na; Figure 
5(A)) exhibited severe tissue disruption, characterized 
by a reduced number of islets (4.667 ± 4.163) along 
with extensive necrosis (70.000 ± 30.000%) and de-
generation (73.333 ± 23.094%). In contrast, the normal 
group N (Figure 5(F)), which did not undergo STZ 
induction, retained a normal pancreatic architecture, 
with densely packed β-cells in the islets of Langerhans 
(15.667 ± 0.577) and no evident damage. The group 
treated with A. chinense at a dose of 200 mg/kg BW 
(P1; Figure 5B) showed moderate improvement in 
tissue morphology, as reflected by an increased islet 
count (10.333 ± 1.528) and partial reductions in 
necrosis and degeneration. A further increase in dose to 
400 mg/kg BW (P2; Figure 5(C)) slightly improved 
the islet number (11.333 ± 1.155), although necrotic 
and degenerative features remained relatively high. The 
best outcomes were observed in the 600 mg/kg BW 
group (P3; Figure 5(D)), which showed substantial 
structural restoration with 12.333 ± 0.577 islets and 
reduced necrosis (33.333 ± 20.817%) and degeneration 
(40.000 ± 10.000%), values that were significantly 
different from those of the K(−), P1, and P2 groups. 
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Figure 5 HE staining of pancreatic tissue at 40× magnification: (A) K(−) = TBI + CMC-Na, (B) P1 = TBI + A. chinense 
200 mg/kg BW, (C) P2 = TBI + A. chinense 400 mg/kg BW, (D) P3 = TBI + A. chinense 600 mg/kg BW, (E) K(+) = 
TBI + glibenclamide 0.45 mg/kg BW, (F) N = normal control (no TBI, no treatment). 
 
Table 3 Effect of administering test samples on parameters of pancreatic organ damage on day 28. 

Sample 
Parameters 

Number of Islet 
Langerhans 

% Necrosis % Degeneration 

K(−) 4.667 ± 4.163a 70.000 ± 30.000a 73.333 ± 23.094a 

P1 10.333 ± 1.528a 36.667 ± 37.859a 50.000 ± 34.641a 

P2 11.333 ± 1.155a 63.333 ± 20.817a 53.333 ± 20.817a 

P3 12.333 ± 0.577a 33.333 ± 20.817a 40.000 ± 10.000a 

K(+) 13.667 ± 0.577 a 23.333 ± 5.774a 23.333 ± 5.774a 

N 15.667 ± 0.577 a 0.000 ± 0.000a 0.000 ± 0.000a 

Note: (K(−): TBI + CMC-Na; P1: TBI + A. chinense 200 mg/kg BW; P2: TBI + A. chinense 400 mg/kg BW; P3: TBI + 
A. chinense 600 mg/kg BW; K(+): TBI + glibenclamide 0.45 mg/kg BW; N: normal control). Superscripts a,b indicate 
significant differences between groups (p < 0.05). 
 

The glibenclamide group K(+) (Figure 5(E)) 
demonstrated marked recovery, with 13.667 ± 0.577 
islets and the lowest necrosis and degeneration values 
(23.333 ± 5.774%), close to the histological profile of 
the control group. These improvements suggest that A. 
chinense can have a protective effect on pancreatic 
tissue comparable to the pharmacological standard. 
This histological recovery is likely driven by the 
flavonoids and saponins in A. chinense  [32]. Previous 
studies on other Allium species have demonstrated 
similar effects through the modulation of oxidative and 

inflammatory pathways [46], reinforcing the 
therapeutic potential of A. chinense in diabetic models. 
 
 Therapeutic effects of the ethanolic extract of 
A. chinense on insulin, iNOS, and caspase-3 
expression 
 The immunoreactivity score (IRS) for insulin 
(Figure 6(A)) illustrates the therapeutic effects of the 
ethanolic extract of A. chinense on pancreatic β-cell 
injury in diabetic rats induced by NA and STZ. The 
group administered the CMC-Na suspension (K−) 
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exhibited a significant reduction in insulin IRS (0.66 ± 
0.57) compared to the untreated normal group (N, 
11.00 ± 0.57, p < 0.05), indicating severe β-cell 
impairment. Administration of the extract at 200 mg/kg 
BW (P1) resulted in a modest increase (2.33 ± 0.57), 
although this was not significantly different from the 
K(−) group (p > 0.05). A dose of 400 mg/kg BW (P2) 
further improved the IRS to 3.00 ± 1.00 (p < 0.05 vs. 
K(−)), but was not statistically different from P1, 
suggesting a potential plateau effect. The highest dose, 
600 mg/kg BW (P3), significantly enhanced insulin 
expression (8.00 ± 1.00), with no significant difference 
from the glibenclamide-treated group (K+, 7.66 ± 0.57, 
p > 0.05) that received glibenclamide at 0.45 mg/kg 
BW. These findings suggest that A. chinense extract 
can promote β-cell regeneration and modulate 
oxidative and inflammatory pathways in STZ-induced 
diabetic rats.  Among all treatment groups, P3 (600 
mg/kg body weight) demonstrated the best outcome, 
indicating that this was the most effective dose for 
restoring insulin expression, potentially through 
mechanisms involving antioxidant defense, 
suppression of inflammation, and protection of 
pancreatic β-cells. 
 Administration of the ethanolic extract of A. 
chinense resulted in a dose-dependent reduction in 

iNOS expression within the pancreatic tissue of 
diabetic rats induced by NA and STZ (Figure 6(B)). 
The negative control group (K−) demonstrated 
significantly elevated iNOS IRS scores (10.67 ± 1.15) 
compared to the normal group (N, 2.00 ± 1.00; p < 
0.05), indicating a pronounced inflammatory response. 
Treatment with the extract at 200 mg/kg BW (P1) 
slightly reduced the IRS score to 8.66 ± 0.57, although 
this reduction was not significantly different from that 
of the K(−) group (p > 0.05). There was a further 
decrease at 400 mg/kg BW (P2), resulting in an IRS 
score of 6.00 ± 1.00, significantly lower than that of the 
K− and P1 groups (p < 0.05). The most pronounced 
effect was achieved at 600 mg/kg BW (P3), with an 
IRS score of 3.33 ± 0.57, which was significantly 
lower than those of all other extract-treated groups (p < 
0.05) and comparable to that of the glibenclamide-
treated group (K(+), 3.00 ± 1.00; p > 0.05), which also 
showed no significant difference from the normal 
group. These findings suggest that a high dose of 
ethanolic A. chinense extract may effectively suppress 
iNOS expression, potentially through anti-
inflammatory mechanisms comparable to those of 
standard pharmacological treatments. 

 

 
Figure 6 IRS score of protein insulin (A), iNOS (B), and Caspase-3 (C) on day 28 of NA and STZ-induced 
hyperglycemic rats. The arrow indicates the expression of insulin protein marked in brown. Description: K(−) is the 
administration of CMC-Na suspension, P1 is ethanolic extract of A. chinense dose of 200 mg/kg BW, P2 is ethanolic 
extract of A. chinense dose of 400 mg/kg BW, P3 is ethanolic extract of A. chinense dose of 600 mg/kg BW, K(+) is 
glibenclamide dose of 0.45 mg/kg BW, and N is the group without treatment. The same letter indicates that the groups 
are not significantly different, with p > 0.05. 
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The inhibitory effect of the ethanolic extract of A. 
chinense on pancreatic cell apoptosis was further 
investigated by evaluating caspase-3 expression 
(Figure 6(C)). The negative control group (K−) 
demonstrated a significantly elevated IRS score (9.66 ± 
0.57) compared to the normal group (N, 1.00 ± 1.00; p 
< 0.05), indicating increased apoptotic activity due to 
oxidative stress induced by NA and STZ. 
Administration of the extract at 200 mg/kg BW (P1) 
resulted in a slight reduction in caspase-3 expression 
(9.00 ± 1.00), although this was not significantly 
different from that in the K(−) group (p > 0.05). 
Increasing the dose to 400 mg/kg BW (P2) further 
reduced the IRS score to 6.66 ± 1.15, which was 
significantly lower than that in the K(−) group (p < 
0.05), although not significantly different from the P1 
group (p > 0.05). The most substantial reduction was 
observed at 600 mg/kg BW (P3), with an IRS score of 
5.00 ± 1.00, significantly lower than those of the K(−) 
and P1 groups (p < 0.05) but comparable to that of P2 
(p > 0.05). This result was similar to that of the 
glibenclamide-treated group (K+, 4.33 ± 0.57; p > 
0.05), suggesting that the highest dose of A. chinense 
extract exhibited an anti-apoptotic effect equivalent to 
that of the standard pharmacological treatment. 
However, none of the treatment groups restored 
caspase-3 expression to the levels observed in the 
normal group, suggesting that a more extended 
treatment duration may be necessary to achieve full 
normalization.  
 An integrated analysis of immunoreactivity 
scores (IRS) for insulin, iNOS, and Caspase-3 
indicated that the administration of an ethanolic extract 
of A. chinense at a dosage of 600 mg/kg BW elicited 
the most effective therapeutic responses in STZ-
induced diabetic rats. This specific dosage significantly 
enhanced insulin expression while concurrently 
reducing iNOS and caspase-3 levels, indicating a 
multifaceted protective effect on pancreatic tissue. The 
IRS results reflected a coordinated mechanism of STZ-
induced β-cell dysfunction characterized by diminished 
insulin production and elevated oxidative and apoptotic 
markers [49,50]. The inverse relationship among these 
markers underscores the involvement of inflammatory 
and apoptotic pathways in β-cell dysfunction. 
Treatment with A. chinense mitigated these effects, 

with the 600 mg/kg BW dose restoring insulin levels 
and reducing iNOS and caspase-3 expression to values 
comparable to those achieved with glibenclamide. 
These outcomes are likely attributable to the flavonoids 
and saponins in A. chinense, as these compounds are 
known for their antioxidant, anti-inflammatory, and 
anti-apoptotic properties [51-53]. Flavonoids such as 
quercetin have been reported to enhance insulin 
secretion, increase the number of islets of Langerhans, 
and stimulate insulin production in STZ-induced 
diabetic models [54-56]. These effects are mediated 
through the inhibition of NF-κB activation and 
suppression of iNOS expression, while also improving 
metabolic parameters, including blood glucose levels, 
lipid profiles, and insulin sensitivity [57,58]. Other 
flavonoids, including genistein, daidzein, kaempferol, 
and glabridin, exert similar anti-inflammatory effects 
by modulating the expression levels of STAT-1, NF-
κB, and iNOS [59]. Furthermore, flavonoids such as 
naringenin, morin, and quercetin attenuate caspase-3 
activation and regulate apoptosis-related proteins, 
including Bcl-2 and Bax, thereby preserving cellular 
integrity in diabetic tissues [60-64]. These findings are 
consistent with those of previous studies on A. sativum 
and A. hookeri that demonstrated protective effects 
against oxidative stress-induced damage [65,66]. 
Although A. chinense at 600 mg/kg BW exhibited 
efficacy comparable to that of glibenclamide, the IRS 
values for caspase-3 did not fully return to normal, 
suggesting that a prolonged treatment period may be 
necessary for the complete restoration of pancreatic 
cellular homeostasis. 
 
Conclusions 
 The present study demonstrates that the ethanolic 
extract of A. chinense exhibits significant antidiabetic 
effects in STZ-induced diabetic rats through its 
multifaceted antioxidant and antiapoptotic 
mechanisms. The extract, rich in phenolic and 
flavonoid compounds such as quercetin and 3-
hydroxyflavanone, showed dose-dependent efficacy in 
reducing blood glucose and HbA1c levels, enhancing 
SOD activity, and ameliorating histopathological 
damage in pancreatic tissue. Furthermore, the extract 
modulated key molecular markers of diabetes 
pathogenesis, including increased insulin expression 
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and decreased expression of iNOS and caspase-3, 
particularly at the 600 mg/kg BW dose, which 
exhibited comparable effects to glibenclamide. These 
findings suggest that A. chinense has promising 
therapeutic potential as a natural adjuvant for 
managing diabetes and mitigating its associated 
pancreatic complications. Further studies, including the 
isolation of active constituents, elucidation of 
mechanistic pathways, and long-term clinical safety 
evaluation, are warranted to support its development as 
a complementary antidiabetic agent.  
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