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Background: Insulin resistance (IR) is a condition where the body cannot respond properly to insulin, leading to elevated blood
glucose and the development of type 2 diabetes mellitus (T2DM). The first-line anti-T2DM drug is metformin, however, it has shown
adverse effects, challenging the search for alternative natural drugs. Plant flavonoids stimulate cellular glucose uptake, decrease
hyperglycemia, and regulate key signaling pathways in glucose metabolism. Brebes shallots (4//ium ascalonicum L.) are known to
contain flavonoids and thus may have the potential to inhibit IR.

Purpose: To evaluate the effects of the ethanol extract of Brebes shallots in improving IR conditions.

Methods: Brebes shallots were collected from West Java, Indonesia. 500 g of the shallots were oven-dried and extracted using 70%
ethanol for 3x24 h, the solvent was evaporated to a thick consistency, and the extract was abbreviated as EAA. The effects of EAA
were studied in high-fat-high-fructose (HFHF)-induced Swiss-Webster male mice by performing the insulin tolerance test (ITT) and
oral glucose tolerance test (OGTT), and the liver and pancreas index. The nutritional composition and quercetin levels in the extract
were also determined.

Results: The extraction process yielded a 28.1% EAA. EAA reduces % weight gain, blood glucose levels in OGTT, and liver and
pancreas index. EAA significantly improved insulin tolerance in the HFHF-induced mice (p < 0.05). Proximate analysis resulted in
3.92% ash, 0.12% fat, 13.45% protein, and 60.69% carbohydrate, while quercetin was at 0.0065%.

Conclusion: Allium ascalonicum L. extract may improve IR conditions as confirmed by its ability to increase the ITT value and
reduce blood glucose levels. However, further studies are needed to confirm its role in alleviating metabolic disorders.
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Introduction

Insulin resistance (IR), characterized by the unresponsiveness of cells to insulin, has commenced to become the focus of
metabolic disorder studies.'” It greatly impacts global public health, in particular, due to unhealthy and sedentary
lifestyles.> IR is the major factor in the development of type 2 diabetes mellitus (T2DM), which is alarmingly increased
worldwide. It was estimated in 2021 that 537 million people have diabetes, and this number is projected to reach
643 million by 2030, and 783 million by 2045. Of those, Indonesia was ranked 5Sth, after China, India, Pakistan, and the
USA as the 1st, respectively.* DM is signed by elevated blood glucose levels, known as hyperglycemia,’ arising when the
body fails to produce or effectively use insulin.® Insulin, secreted by pancreatic Langerhans beta-cells, works by
controlling blood glucose levels, facilitating cell respiration in the mitochondria, and metabolizing protein and fat."’
A cross-sectional study involving 402 patients with T2DM in Nantong, China, described that a sedentary lifestyle may
independently account for the increase in body fat percentage and the decrease in appendicular skeletal muscle mass.®
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Another study of changes in adipocyte size distribution in response to 8 weeks of overfeeding in 22 males suggested that
during substantial weight gain, an increase in small adipocytes may link to impaired metabolic health outcomes.’
Therefore, the risk factors of T2DM may include high-carbohydrate and high-fat intake, lack of physical activity, high
blood pressure (> 140/90 mmHg), low high-density lipoprotein (< 35 mg/dL) and/or triglyceride (> 250 mg/dL), and
obesity.*'® An increased production of free fatty acids (FFAs), reactive oxygen species (ROS), and proinflammatory
cytokines may contribute a role in the pathogenesis of IR. FFAs and dietary lipids in excessive levels could enter the cells
of non-adipose organs, such as the liver, muscle, and pancreas, and are deposited as ectopic fat, thus leading to
lipotoxicity. !

Metformin, the first-line pharmacotherapy for managing T2DM, increases insulin sensitivity, decreases IR, and
suppresses hepatic gluconeogenesis,'? by enhancing adenosine monophosphate-activated protein kinase activity in the
liver."® Other oral antidiabetic drugs, such as sulfonylureas, bind and inhibit the ATP-sensitive potassium channel, which
eventually changes the resting membrane potential of the cell, causes an influx of calcium, stimulates the release of
insulin from pancreatic p-cells, and reduces blood glucose levels.'* Sulfonylureas are given as the first-line medication of
choice for patients who are intolerant to metformin. Unfortunately, the risk of the failure of sulfonylurea as
a monotherapy agent is higher than that of metformin.'"* Sulfonylureas interact with salicylates, sulfonamides, and
warfarin, and the major adverse events are a greater risk of hypoglycemia and weight gain. The American College of
Physicians (ACP) suggests that for patients with T2DM, a combination of either a sulfonylurea, a thiazolidinedione, an
SGLT-2 (sodium-glucose cotransporter-2) inhibitor, or a DPP-IV (dipeptidyl peptidase-IV) inhibitor to metformin, is
required to control blood glucose levels. Moreover, it was described that metformin therapy was linked with lesser
cardiovascular mortality than sulfonylureas, and the evidence of metformin therapy to reduce HbA lc levels was reported
better than that of DPP-IV inhibitors.'> However, metformin, the biguanide drug, was reported in several cases to affect
sleep quality and cause lactate acidosis, thus, patients taking metformin should be assessed for their kidney performance,
blood pH, and blood metformin level.'"* Thiazolidinediones exert their hypoglycemic effects by activating the peroxi-
some proliferator-activated receptor gamma (PPARy), decreasing the IR damage, and increasing the response of
pancreatic B-cells towards blood glucose levels. It was reported that thiazolidines may elevate the risk of cardiovascular
disease, weight gain, water retention, and edema.'>'¢ Rosiglitazone, a thiazolidinedione, was withdrawn due to its
disadvantageous effects on the bones and the heart.!” Therefore, maintaining a normal range of blood glucose levels
remains challenging, and numerous remedies, such as plant products for adjuvant therapy have been found interesting.

A study confirmed that turmeric supplementation at a dose of 2 g/day for 4 weeks as an adjuvant to 60 male T2DM
patients on metformin, had significantly reduced their fasting glucose, HbAlc, lipid peroxidation, and malondialdehyde
levels.'® Moreover, a systematic review and meta-analysis study on the effect of Chinese herbal formulas combined with
metformin on T2DM patients reported better efficacies than metformin monotherapy in regulating the gut microbiota,
decreasing HbAlc, fasting plasma glucose, 2-hour postprandial blood glucose, fasting insulin, and homeostasis model
assessment of insulin resistance (HOMA-IR).'> Herbal adjuvant therapy for T2DM patients combined with mild
cognitive impairment was effective and did not significantly increase the adverse effects.”’ The consumption of herbal
teas as adjuvant therapy on T2DM patients was reported to improve insulin resistance, protect islet B-cells, inhibit
glucose absorption, and suppress gluconeogenesis.”! A double-blind, randomized, placebo-controlled trial evaluating the
effects of Ginkgo biloba extract (120 mg/day) as an adjuvant to metformin in 62 patients with uncontrolled T2DM
revealed that the extract significantly reduced blood HbAlc (p < 0.001), glucose (p < 0.001) and insulin (p = 0.006)
levels, BMI (p < 0.001), waist circumference (p < 0.001), and visceral adiposity index (p = 0.007), and did not damage
the liver, kidney, or hematopoietic functions.”? A quasi-experimental study in T2DM patients supplemented with 500 mg
of Gymnema sylvestre herb daily for 3 months showed reduced polyphagia, fatigue, blood glucose, HbAlc, and lipid
profiles.”

Fruits and herbs have been reported to have multiple health benefits, particularly flavonoids, which are widely studied
for their antidiabetic activities.”* The hypoglycemic activity of flavonoids contributes to regulating carbohydrate
digestion, insulin signaling, insulin secretion, glucose uptake, and adipose deposition.?

Brebes shallots (Allium ascalonicum L., Amaryllidaceae family) were reported to contain flavonoids, saponins,
tannins, terpenoids, and volatile 0ils.?® The main subclasses of flavonoids present in Allium sp. are flavonols, such as
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quercetin, kaempferol, isorhamnetin, fisetin, myricetin, and morin, whose content ranges from 0.0007 to 0.1917% w/w of
fresh weight.?” Total flavonoids in the ethanol extract and ethyl acetate fraction of A. ascalonicum L. were 13.493 +
0.018 mg of quercetin equivalence (QE)/g or 1.3493% w/w and 96.776 £ 0.015 mg QE/g or 0.96776% w/w,
respectively.”® Quercetin was reported to be present in A. ascalonicum L. peels with a main a-glucosidase inhibitory
activity, with an ICso value of 0.012 + 0.002 mg/mL for the ethyl acetate extract and 0.047 + 0.04 mg/mL for the
methanol extract. This inhibition slows glucose absorption, thus reducing blood glucose levels.”” Other studies have
delineated the antiobesity and IR-suppressing activity of red onion extracts on a high-fat diet (HFD)-induced obesity
C57BL/6] mice.>*>! Moreover, the kaempferol glycoside-enriched butyl alcohol fraction of Allium tuberosum has
decreased blood glucose levels by improving serum lipid profile and antioxidant parameters in alloxan-induced diabetic
rats.>

Considering everything, this study aimed to evaluate the effect of ethanol extract of A. ascalonicum L. in improving
IR conditions in high-fat-high-fructose (HFHFD)-induced Swiss-Webster male mice.

Methods

Plant Materials and Preparation of the Ethanol Extract of Allium Ascalonicum (EAA)
Fresh Brebes shallot bulbs in their maturation stage (Figure 1) were collected from Brebes, Central Java, Indonesia (6°53’
42,1"S 108°51'48,5"E), and were authenticated by Arifin Surya Dwipa Irsyam (https://www.scopus.com/authid/detail.
uri?authorld=57211286941; https://herbarium.sith.itb.ac.id/profil-kurator/), a certified botanist at the School of Life
Sciences and Technology, Bandung Institute of Technology (Bandung, West Java, Indonesia), (https://herbarium.sith.

itb.ac.id/koleksi/). The material was confirmed to be Allium ascalonicum L. of the family Amaryllidaceae (document
number 534/IT1.C11.2/TA.00/2024) with characteristics that matched those described in the reference.*

EAA was prepared by following previously described methods with modifications.?®**** In brief, 5 kg of fresh
A. ascalonicum bulbs were examined and their dry layers were manually removed. The bulbs were washed under running

water to remove dirt and other contaminants, thin-sliced using an electric food processor (https://www.idealife-online.

com/), dried in a vacuum oven at 40 °C (SHEL LAB), ground into a coarse powder, and sieved using a Mesh-60 sieve to
ensure particle uniformity, resulting in a weight of 520 g. Approximately 500 g of the coarse powder was cold extracted

Figure | Fresh Brebes shallot bulbs in their maturation stage, collected from Brebes, Central Java, Indonesia.
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using 70% ethanol, a universal solvent, at a ratio of 1:10 (w/v) for 3x24 h. The liquid extracts were collected and filtered,
and the solvent was evaporated in a vacuum rotary evaporator (Biichi) at 50 °C, 40 rotations per minute until a viscous
extract of EAA was yielded (21.8% w/w).

Analysis of the Nutritional Composition and Quercetin Levels in the Extract
The nutritional composition of EAA was determined by following the Official Methods of Analysis 2023 (https:/www.
aoac.org/official-methods-of-analysis/).>> The quercetin levels in EAA were analyzed by thin layer chromatography

(TLC)-densitometry following a method previously described by Doshi and Une et al in 2016.*® Approximately 5 g of
EAA was placed in an evaporating dish and dissolved in 50 mL of ethanol, and similarly 10 mg of quercetin standard in
10 mL of ethanol. Both standard solution and samples were filtered using Whatman filter paper no. 41 before spotting
onto a TLC plate (Silica gel 60 F254, 10 cm), with varying concentrations of quercetin standard (250, 500, 750, 1000,
and 1250 pg/mL). The plate was inserted into a chamber saturated with a mixture of toluene: ethyl acetate: and formic
acid (5:4:0.5) as the mobile phase, eluted, dried, observed under UV light at 254 nm, and analyzed using TLC-
Densitometry at 320 nm. The data for each peak, including area and Rf values, were recorded, and the concentration
of quercetin was quantified using a linearity standard addition curve.

Animals and Ethical Approval

In this study, we used 24 adult male Swiss-Webster mice (20—30 g), obtained from the Experimental Animal Laboratory,
Bandung Institute of Technology, West Java, Indonesia. The mice were randomly assigned to six groups (n = 4 per cage,
as derived from the Federer formula for sample size in animal experimental design: (T-1) (N-1) > 15, where T represents
the number of groups and N is the number of samples per group), in a room set at temperatures of 25 + 2 °C, under
a 12 h light, 12 h dark cycle, and 55% relative humidity. The cages were cleaned and the husks were replaced every three
days. The mice were given standard feed (70 g/cage), containing water 12%, protein 20%, fat 4%, fiber 4%, calcium at
12%, phosphor 0.7%, and free access to fresh water, during 7 days of acclimatization. The health condition and behavior
of the mice were observed during the adaptation and in vivo study. The animal handling procedure is approved by the
Research Ethics Committee, Universitas Padjadjaran, Indonesia (https://kep.unpad.ac.id/; approval documents number
799/UN6.KEP/EC/2024), which strictly follows The Guide for the Care and Use of Laboratory Animals (NRC 2011;
eighth edition) (https:/grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf).>’

In this animal study, we employed 3 control groups, (1) the normal control which did not receive inducement or the
treatment being studied (drug or extracts), (2) the negative control which was diabetic-induced but did not receive the
treatment being studied, and (3) the positive control which was diabetic-induced and received standard drug treatment.
The normal control is crucial for establishing a baseline, illustrating normal conditions without induction and treatment,
and ensuring that observed changes are due to the treatment and not to other factors. The negative control group assesses
the success of induction and the disease’s development without treatment. The positive control group validates the
method used, demonstrating the expected effect. If the results in the positive control group align with the expected, it
signifies the procedure was executed correctly and the test results are considered valid.

Effects of EAA on Blood Glucose Levels by Oral Glucose Tolerance Test

The effects of EAA on glucose tolerance were studied in vivo in mice at the Pharmacology Laboratory of the Faculty of
Pharmacy, Universitas Padjadjaran, Indonesia. After the acclimatization period, the mice were fasted for 14 h and
randomly grouped as follows: (1) the normal group (treated with sodium carboxy methyl cellulose 0.5% suspension); (2)
the negative control or glucose-induced group (induced with 3 g of glucose in sodium carboxy methyl cellulose 0.5%
suspension); (3) the positive control or drug control group (treated with acarbose 25 mg/kg body weight in sodium
carboxy methyl cellulose 0.5% suspension and induced with 3 g of glucose); (4) the test-1 group (treated with EAA
100 mg/kg body weight in sodium carboxy methyl cellulose 0.5% suspension and induced with 3 g of glucose); (5) test-2
group (treated with EAA 200 mg/kg body weight in sodium carboxy methyl cellulose 0.5% suspension and induced with
3 g of glucose); (6) test-3 group (treated with EAA 400 mg/kg body weight in sodium carboxy methyl cellulose 0.5%
suspension and induced with 3 g of glucose). Acarbose (25 mg/kg body weight) and EAA (100 mg/kg body weight,
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200 mg/kg body weight, and 400 mg/kg body weight) were given to the mice 30 min before the mice were induced with
glucose. The acarbose/EAA treatment and glucose inducement were carried out by oral route using a rodent 18-gauge
rounded tip. The blood was collected from their tail vein and measured for their blood glucose levels at 30-, 60-, 90-, and
120-min after glucose inducement.*®

In this study fasting was carried out for 14 h to avoid the effects of food on the digestive tract, proving that changes in
glucose levels were caused by EAA or acarbose. This was necessary to obtain baseline glucose levels as a comparison
before administering glucose and treatment (EAA or acarbose). Mice still had access to drinking water (food was
removed at 6:00 pm to start testing the next morning at 8:00 am).

Effects of EAA on Weight Gain (%), Insulin Tolerance, and Organ Index

The insulin tolerance test was performed after the glucose tolerance test. The mice were divided into 6 groups as
follows: (1) the normal group (treated with sodium carboxy methyl cellulose 0.5% suspension); (2) the negative
control or high fat-high fructose-induced group (induced with Lipofundin emulsion dose of 20 mL/kg body weight and
fructose 2.52 g/kg body weight in sodium carboxy methyl cellulose 0.5% suspension); (3) the positive control or drug
control group (induced with Lipofundin emulsion dose of 20 mL/kg body weight and fructose 2.52 g/kg body weight
and treated with metformin 100 mg/kg body weight in sodium carboxy methyl cellulose 0.5% suspension); (4) the test-
1 group (induced with Lipofundin emulsion dose of 20 mL/kg body weight and fructose 2.52 g/kg body weight and
treated with EAA 100 mg/kg body weight in sodium carboxy methyl cellulose 0.5% suspension); (5) test-2 group
(induced with Lipofundin emulsion dose of 20 mL/kg body weight and fructose 2.52 g/kg body weight and treated
with EAA 200 mg/kg body weight in sodium carboxy methyl cellulose 0.5% suspension); (6) test-3 group (induced
with Lipofundin emulsion dose of 20 mL/kg body weight and fructose 2.52 g/kg body weight and treated with EAA
400 mg/kg body weight in sodium carboxy methyl cellulose 0.5% suspension). The insulin inducement and EAA
treatment were carried out daily for 21 days. The body weight was observed on day 1 and day 21 to observe the weight
gain (%). On day 1, day 7, day 14, and day 21, the mice were insulin-induced intraperitoneally at a dose of 0.0125 U/
kg body weight, and post-insulin injection, the blood was centrifuged for 10 min to separate the serum and the glucose
levels were measured.*”**

Subsequently, the mice were sacrificed using a combination of ketamine at a dose of 125 mg/kg body weight and
xylazine 10 mg/kg body weight via intraperitoneal injection. The euthanasia procedure was carried out by trained
personnel. Death was confirmed by determining cardiac and respiratory arrest.*' * The liver and pancreas of the mice
were separated, washed, and weighed, and the organ index was calculated.

Statistical Analysis

IBM SPSS for Windows was employed to analyze the data. Shapiro—Wilk test was used to analyze data distribution,
for normal distribution (p < 0.05), the analysis was continued for significant differences between groups using one-
way analysis of variance (ANOVA), followed by the post-hoc Tukey’s test. For abnormal distribution, the analysis
was continued by the Kruskal-Wallis test. All data are presented as the mean + SD; p < 0.05 indicates a significant
result.

Results

The Nutritional Composition and Quercetin Levels in EAA
The extraction process of Brebes shallots using ethanol yielded a 28.1% EAA. Determination of nutritional composition
revealed that EAA contained 21.82% water, 3.92% ash, 0.12% fat, 13.45% protein, and 60.69% carbohydrate.

The thin-layer chromatography bands of EAA are depicted in Figure 2 and the thin-layer chromatography-
densitometry chromatograms in Figure 3. Quercetin was measured at 320 nm and eluted at Rf 0.59, and its levels
were calculated using the linear regression equation of the standard addition curve (Figure 4) y = 93.12 x — 1196.4; R =
0.9715) resulting in 65 pg/mg (0.0065%).
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Figure 2 Thin-layer chromatography bands of EAA and quercetin were observed at 254 nm with band I: EAA spiked with quercetin 250 pg/mL, band 2: EAA spiked with
quercetin 500 pug/mL, band 3: EAA spiked with quercetin 750 pg/mL, band 4: EAA spiked with quercetin 1000 pg/mL, band 5: EAA spiked with quercetin 1250 pg/mL, band 6:
EAA without quercetin spike, and band 7: standard quercetin.

[AU] - e
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Figure 3 Thin-layer chromatography-densitometry chromatograms of EAA and quercetin were measured at 320 nm. A mixture of toluene: ethyl acetate: and formic acid
(5:4:0.5) was employed for the mobile phase. Chromatogram a: EAA spiked with quercetin 250 ug/mL, chromatogram b: EAA spiked with quercetin 500 pg/mL,
chromatogram c: EAA spiked with quercetin 750 pg/mL, chromatogram d: EAA spiked with quercetin 1000 pg/mL, chromatogram e: EAA spiked with quercetin
1250 pg/mL, chromatogram f: EAA without quercetin spike, and chromatogram g: standard quercetin.
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Figure 4 Quercetin standard addition curve of the thin-layer chromatography-densitometry of EAA. The linear regression equation of the standard addition curve is y =
93.12 x — 1196.4; R = 0.9715.

Effects of EAA on Blood Glucose Levels by Oral Glucose Tolerance Test

The effects of EAA on glucose tolerance are tabulated in Table 1. At TO (the time point when all animals were treated
with sodium carboxymethyl cellulose, acarbose, or EAA, without glucose inducement), the blood glucose levels ranged
between 72.75 + 10.21 mg/dL (mice in the positive control or acarbose-treated group) to 116.00 + 28.79 mg/dL (mice in
the test-3 group). At T30 all mice underwent an increase in their blood glucose levels, except those in the normal group.
Ranging from the lowest at 207.75 + 64.46 mg/dL (mice in the positive control or acarbose-treated group) to the highest
at 287.50 + 109.60 mg/dL (mice in the negative control or untreated group). At the end of the glucose tolerance study
(T120), the blood glucose levels of the mice in the positive control or acarbose-treated group were 98.75 + 13.23 mg/dL
(a decrease of 52.47% compared to T30), while those in the EAA groups were 109.75 + 9.32 mg/dL (a decrease of
58.31% compared to T30), 114.25 + 17.02 mg/dL (a decrease of 51.28% compared to T30), and 112.25 + 11.27 mg/dL (a
decrease of 46.93% compared to T30), in respect to the increasing doses of EAA.

Table | The Effect of EAA on the Blood Glucose Levels in Oral Glucose Tolerance Tests of the Mice

Group Average Blood Glucose Levels (mg/dL) £ SD % Decrease
T T Teo Too Tie (T30-T120/T30 x 100)

Normal Control 92.00 + 19.44 90.75 £ 6.50*% | 121.75 +20.42* | 108.00 + 11.58 89.25 + 9.64 1.65% (p = 0.019)
Negative Control 106.25 +42.77 | 287.50 £ 109.60 | 214.50 + 39.06 | 175.75 + 56.31 | 153.50 + 65.03 46.61

Positive Control (acarbose) 72.75 £ 10.21 207.75 + 64.46 | 174.00 = 46.22 | 146.00 +43.57 | 9875 + 13.23 52.47 (b = 0.399)
Test-1 (EAA 100 mg/kg BW) | 104.25 £24.76 | 263.25 + 65.48 | 229.00 + 35.94 | 160.25 + 33.96 109.75 £ 9.32 5831 (p =0.189)
Test-2 (EAA 200 mg/kg BW) | 101.25 £ 18.36 | 234.50 + 60.64 | 208.50 + 88.19 | 128.50 £40.78 | 114.25 + 17.02 51.28 (p = 0.404)
Test-3 (EAA 400 mg/kg BW) | 116.00 £28.79 | 211.50 £ 40.17 | 161.00 + 23.90 12475 £ 8.14 | 11225+ 11.27 46.93 (p = 0.547)

Notes: Data are presented as mean (in mg/dL) + SD; an asterisk (*) shows a significant difference compared to the negative control or untreated group, with p < 0.05; EAA
(ethanol extract of A. ascalonicum); n = 4 mice/group; TO = the time point when all animals were treated with sodium carboxymethyl cellulose, acarbose, or EAA, before
glucose inducement; T30 = 30 min after glucose inducement; T60 = 60 min after glucose inducement; T90 = 90 min after glucose inducement; T120 = 120 min after glucose

inducement.
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Effects of EAA on Weight Gain (%), Insulin Tolerance, and Organ Index

At the end of the study (D21), mice in all groups demonstrated an increase in body weight (Table 2), however, treatment
with metformin 100 mg/kg body weight and all doses of EAA resulted in a lower % weight gain compared to the mice in
the high fat-high fructose-induced group (Figure 5 and Table 2).

The 21-day inducement with high fat-high fructose feed triggered the occurrence of IR, as proven by the insulin
tolerance test (ITT) depicted in Figure 6 and Table 3. All mice in EAA and metformin groups improved IR as proven by
higher ITT values (ITT = 2.54 + 0.52 for EAA 100 mg/kg BW; ITT = 2.60 + 0.48 for EAA 200 mg/kg BW; ITT =2.98 +
0.47 for EAA 400 mg/kg BW; and ITT = 3.43 + 0.71 for metformin) compared with the high fat-high fructose-induced
group without treatment (ITT = 0.15 + 0.13). Interestingly, mice treated with an EAA dose of 400 mg/kg BW exhibited
the highest ITT value of 2.98 = 0.47.

The effects of EAA on the liver and pancreas indices are presented in Figure 7, which shows that the metformin
treatment (p = 0.001) and all doses of EAA (p = 0.006 for the EAA dose of 100 mg/kg BW, p = 0.005 for the EAA dose
of 200 mg/kg BW, and p = 0.001 for the EAA dose of 400 mg/kg BW) significantly lowered the liver index of the high
fat-high fructose-induced mice compared to the negative control or untreated group (Figure 7a). However, only the
highest dose of EAA (p = 0.024) and metformin (p = 0.05) significantly lowered the pancreas index of the mice
(Figure 7b).

Further, we analyzed the correlation between parameters, and the results are tabulated in Table 4, indicating a positive
correlation between ITT and % decrease in blood glucose, with a significant difference, and a negative correlation
between ITT and body weight, liver index, and pancreas index.

Discussion

Allium ascalonicum L. (Amaryllidaceae) has shown a lot of potential to be utilized as a medicinal plant. The main
findings of our study are that (1) the extraction process of 500 g Brebes shallots yielded 28.1% w/w of the ethanol extract
of A. ascalonicum (EAA) with the nutritional composition including 3.92% ash, 0.12% fat, 13.45% protein, and 60.69%
carbohydrate, and quercetin at 0.0065% w/w levels; (2) EAA lowered % weight gain, liver and pancreas index, and blood
glucose levels, in high fat-high fructose-induced mice; (3) EAA significantly improved insulin tolerance (p < 0.05) in
high fat-high fructose-induced mice. However, the limitations of this study are the use of only male mice and how EAA
affects the proteins involved in the pathogenesis of IR.

Table 2 The Effect of EAA on the Body Weight and % Weight Gain of the Mice

Group Average Body Weight (g) % Weight Gain
DO D21
Normal Control 27.25 32.50 19.27 + 2.30
(p = 0.293)
Negative Control 29.75 37.00 24.54 + 534
Positive Control (metformin) 27.00 30.75 13.92 + 10.52*
(p = 0.046)
Test-1 (EAA 100 mg/kg BW) 28.25 33.50 18.75 + 6.82
(p = 0.258)
Test-2 (EAA 200 mg/kg BW) 27.75 32.50 17.31 + 837
(p =0.162)
Test-3 (EAA 400 mg/kg BW) 27.50 31.50 15.30 + 5.83
(p = 0.079)

Notes: Data are presented as mean (g); an asterisk (¥) shows a significant difference compared to the
negative control or untreated group, with p < 0.05; EAA (ethanol extract of A. ascalonicum); n = 4
mice/group.
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Figure 5 Effects of EAA on the % weight gain of the HFHF-induced mice. The asterisk (*) shows a significant difference compared to the negative control or untreated
group, with p < 0.05.
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Figure 6 Effects of EAA on insulin tolerance of the HFHF-induced mice. The asterisk (*¥) shows a significant difference compared to the negative control or untreated group,
with p < 0.05.
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Table 3 The Effect of EAA on the Insulin Tolerance of the Mice

Group Insulin Tolerance Test (ITT)
Do D7 Dl4 D21
Normal Control 1.89 +0.80 | 1.92 + 0.4l 1.77 £ 0.60* | 1.91 + 0.38*

(p=0721) | (p=0300) | (p=0040) | (p<0.00l)

Negative Control 210+ 1.10 | 1.38+0.32% | 0.87 +0.05 0.15+0.13

Positive Control (metformin) | 2.07 + 022 | 2.7]1 £ 0.84c | 3.59 + 0.46* | 3.43 + 0.71*
(b =0966) | (p=0018) | (p<0001) | (p<o0.00l)

Test-| (EAA 100 mg/kg BW) | 220 + 1.20 | 2.72 + 1.26* | 2.76 + 0.61* | 2.54 + 0.52*
(p=0865) | (p=0017) | (p<000l) | (p<0.00l)

Test-2 (EAA 200 mg/kg BW) | 1.82 £ 0.75 | 226 + 0.35 | 2.79 + 0.72% | 2.60 + 0.48*
(p=0635) | (p=0099) | (p<000l) | (p<0.00l)

Test-3 (EAA 400 mg/kg BW) | 2.03 + 034 | 242+ 0.65 | 2.87 + 0.70* | 2.98 + 0.47*
(p=0915) | (p=0056) | (p<000l) | (p<0.00l)

Notes: Data are presented as mean (in mg/dL) + SD; an asterisk (*¥) shows a significant difference compared to
the negative control or untreated group, with p < 0.05; EAA (ethanol extract of A. ascalonicum); n = 4 mice/
group.

In comparison to our nutritional analysis results, a previous study has reported that the extraction of shallots
(4. ascalonicum L.) purchased from the local market in Chiang Mai, Thailand in 2021, yielded 9.11 £+ 0.23% w/w of
the extract. The extract contained polysaccharide at 0.09% w/w glucose, total protein at 0.101% w/w, and quercetin at
0.0029% w/w,** lower than those contained in the Brebes shallots. Another study reported that the water extract of
freshly harvested shallots, purchased from Shasha Market, Akure, Ondo State, Nigeria, contained 94.60 + 0.20% water,
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Figure 7 Effects of EAA on the liver (a) and pancreas (b) indices of the HFHF-induced mice. The asterisk (*) shows a significant difference compared to the negative control
or untreated group, with p < 0.05.
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Table 4 Correlation Between ITT and % Decrease in Blood Glucose, Body Weight, and Organ Index

Parameter Correlated to R-Value | p-Value Interpretation
Insulin Tolerance | % decrease in 0.406 0.049 There is a positive correlation between ITT and % decrease in blood glucose,
Test (ITT) blood glucose with a significant difference (p < 0.05)

Body weight —0.320 0.127 There is a negative correlation between ITT and body weight, with no significant

difference (p > 0.05)

Liver index —0.655 < 0.001 | There is a negative correlation between ITT and liver index, with a significant
difference (p < 0.05)

Pancreas index —0.526 0.008 There is a negative correlation between ITT and the pancreas, with a significant
difference (p < 0.05)

5.00 £ 1.00% ash, 5.17 + 0.15% fat, 9.07 £ 0.2% protein, and 71.76 + 2.48% carbohydrate. The total flavonoids
calculated as rutin equivalence was 2.41 = 0.04 mg/g or 0.241% w/w.*> Allium bulbs collected in Tarnogrod, Poland,
were reported to contain 11.75 £2.06% protein, 2.21 £0.12% ash, and 3.81 + 0.30% fiber. It was described that different
cultivated methods might affect the parameters of nutrition.*® Moreover, shallot accessions (Allium x cornutum, Allium x
proliferum, and Allium cepa Aggregatum) from the ex-situ collection of the Institute of Agriculture and Tourism, Porec,
Croatia, collected in 2018 and 2019, were reported to contain abundant in phenolic compounds, especially quercetin and
isorhamnetin glycosides.*’” The ethanol extract of Korean onion (4/lium cepa L.) peels, purchased from a local market in
Daejeon, Korea, was reported to contain quercetin at 6.04 g/100 g (or 6.04% w/w) dried weight of peels. The extract
exhibited a strong a-glucosidase inhibitory activity in diabetic-induced Sprague-Dawley rats.*®

Flavonoids such as quercetin, kaempferol, and rutin could lower postprandial blood glucose response in HFFD-
induced diabetic rats, and the effects are ascribed to the inhibition of carbohydrate digestive enzymes including o-
amylase, a-glucosidase, and sucrase. Quercetin or kaempferol at a dose of 2.6 mmol/kg was reported to significantly
lower fasting blood glucose, while quercetin or rutin at a dose of 2.6 mmol/kg markedly reduced the HOMA-IR index in
HFFD rats, thus improving IR.*’ Moreover, low-dose quercetin (50 pg/day) effectively overcomes HFD-induced IR by
enhancing muscle mitochondrial function and PGCla expression, which contributes to improved insulin sensitivity after
8 weeks of administration.’® Red onions purchased from a local grocer in West Lafayette, USA, containing low-dose of
quercetin, were reported to increase insulin sensitivity, as evidenced by a decrease in blood glucose levels approaching
the level in the group fed a low-fat diet (LF), both in the insulin tolerance test (ITT) and glucose tolerance test (GTT).*°

In our study, the 21-day feed with lipofundin emulsion in combination with high fructose could increase body weight
and induce the occurrence of insulin resistance in mice, as proven by the insulin tolerance test (ITT), tabulated in Table 3.
Similarly, a previous study reported that a high-fat-high fructose diet affected the body weight of male Institute of Cancer
Research (ICR) mice. At the end of the study, the high fat-high fructose (HFFD)-fed ICR mice exhibited significantly
impaired glucose tolerance and insulin tolerance.’

Interestingly, studies in humans revealed that 4 weeks of feeding a high-fructose meal in healthy participants could
significantly elevate the triglycerides, lactate, glucose, and leptin, with no changes in body weight, insulin sensitivity, and
lipid.>*> A former investigation reported the effects of meals containing fructose and delineated that this fruit sugar
contributes a predisposing cause in the development of IR in correlation with the occurrence of high triglyceride levels in
the blood.”

Our study confirmed that the ethanol extract of 4. ascalonicum significantly improved IR in HFHFD-induced diabetic
mice. Corresponding to our results, a previous study described that red onion extracts have shown antiobesity and IR-
suppressing activity in high-fat diet-induced obesity C57BL/6J mice.’**! The water extract of shallot bulbs, purchased at
a local market in Mashhad, Iran, when administered for eight weeks, significantly improved intraperitoneal glucose
tolerance and diminished the fasting IR index of male albino Wistar rats.>* The ethanol extract of onion (Allium cepa L.)
peel, provided by the Center for Changnyeong Onion Bioindustry (Changwon, Korea), was reported to improve glucose
response and IR-associated with T2DM, by alleviating metabolic dysregulation of free fatty acids, suppressing oxidative
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stress, up-regulating glucose uptake, and down-regulating hepatic inflammatory gene expression in male Sprague-
Dawley rats.”® The ethanol extract of onion peel and onion bulb, purchased from a local market in Phulkara, India,
was reported to lower blood glucose levels in alloxan-induced diabetic male Sprague-Dawley rats.>®

Further, higher consumption of Allium vegetables, particularly garlic (4/lium sativum) and onions (4/lium cepa), was
considered a nutritional strategy to improve glucose/insulin homeostasis. These activities were thought to be attributed to
their rich content of flavonols and organosulfur compounds. The prospective cohort study was conducted on 1141 adult
men and women in Tehran, Iran, from 2006 to 2011.°” Another study reported the effects of 150 mL of low-fat yogurt
(1.5% fat) and 150 mL of low-fat yogurt (1.5% fat) plus shallot intake for 10 weeks on lipid profiles in 48 T2DM female
participants. The study revealed that triglycerides and total cholesterol levels in participants who were given yogurt plus
shallot were significantly reduced than those who consumed only yogurt (p = 0.003 and p = 0.04, respectively). This
activity was thought to be contributed by the activity of the organosulfur compounds in the shallots that inhibit lipid
synthesis through the oxidation of lipid-synthesizing enzymes.>® Organosulfur compounds such as S-methyl cysteine
sulfoxide and allyl propyl disulfide have shown hypoglycemic activity.””®® S-methyl cysteine sulfoxide works by
lowering blood glucose levels by stimulating insulin secretion and increasing the activity of antioxidant enzymes such
as superoxide dismutase which functions to reduce oxidative stress. Meanwhile, allyl propyl disulfide increases insulin
sensitivity and glucose uptake in peripheral tissues.®' In addition, a systematic review by Moldovan et al thoroughly
studied 116 articles and concluded that shallots, particularly A. ascalonicum and A. cepa var. aggregatum may have
benefits as adjuvant therapy in cardiovascular diseases, diabetes, cancer prevention, and other non-communicable
diseases associated with inflammatory and oxidative pathways.®*

Conclusion

The present study evaluated the ethanol extract of shallot bulbs collected from a rural area in Brebes, Central Java,
Indonesia, namely Allium ascalonicum L. of the family Amaryllidaceae. Our study revealed that the ethanol extract of
A. ascalonicum L. (EAA) contained 3.92% ash, 0.12% fat, 13.45% protein, and 60.69% carbohydrate, and a small
quantity of quercetin at a level of 0.0065%. We announce that this is the first report on the activity of Brebes shallots
extract in decreasing blood glucose levels in oral glucose tolerance tests, lowering weight gain, decreasing liver and
pancreas index, and significantly inhibiting IR in high fat-high fructose-induced mice. Quercetin despite its low levels in
the extract may contribute to the activity, however, other metabolites in the shallot bulbs, such as kaempferol and
organosulfur compounds, potentiate this activity. These findings provide evidence that EAA can be further explored for
its mechanism to how it suppresses IR conditions. Future research should be directed to explore the mechanism by which
the extract modulates certain signaling pathways in the pathogenesis of IR, such as diacylglycerol (DAG)/protein kinase
C (PKC) pathway, peroxisome proliferator-activated receptor y (PPARy)/sterol regulatory element-binding protein lc
(SREBP-1c¢), its effects on GLUT4R expression, the long-term effects of EAA in animal models, the effects of EAA
towards the pro-inflammatory and anti-inflammatory cytokines, the potential herbal-drug interactions with oral antidia-
betic drugs, and finally the effect of EAA in humans. It should be noted that the goal of these studies is to better
understand the therapeutic potential of EAA in managing IR and improving the efficacy of diabetes treatment.
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