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Abutilon indicum (L.) is one of the traditional medicinal plants and its extract has been utilized for antidiabetic
activity. Diabetes mellitus is a metabolic disorder characterized by hyperglycemia and its occurrence is
increasing fast in most countries. Peroxisome proliferator-activated receptor gamma (PPARy) plays an
important role in adipogenesis. The present study determines the effect of A. indicum methanolic leaf extract
as potential antidiabetic inhibitors. The in vitro analysis was carried out by using 3T3L1 for glucose uptake
assay, RINSF cell lines for insulin secretion, hydrolysis assay to predict glycemic index, 1,1-diphenyl-2-picryl
hydrazyl (DPPH) radical scavenging assay, and molecular interaction of the known bioactive compounds with
PPARy. The experimental results showed 100 nM insulin and 50 mM LiCl glucose uptake with 3.37 and 3.86
fold stimulation, respectively, when compared to the control, whereas the given samples of 200, 400, and 800
png/ml showed 1.37, 1.62, and 1.85 pg/ml fold stimulation, respectively, when compared to the control. The
insulin release in RIN-5f cells was observed with a positive control and crude extract and the results showed
4.67 and 2.67 pg/ml, respectively. The hydrolysis index value was found to be 53.30 and the glycemic load
was 17.48 pg/ml. In the DPPH assay, the sample showed dose-dependent DPPH radical scavenging activity
with an IC value of 99.12 pg/ml when compared to standard quercetin with an IC,; value of 1.7 ug/ml. The
molecular interaction of PPARy and active methyl trans-p-coumarate (—5.44) > methyl caffeate (—4.49) >
syringic acid (—3.9) > pinellic acid (—2.62) compared with thiazolidinediones (—7.62) formed a novel type of
oral antidiabetic medication that improved metabolic management in type 2 diabetic patients by increasing
insulin sensitivity. The overall result shows that 4. indicum (L.) is a potential indicator for sensitizing insulin
secretion and strongly inhibits the release of glucagon which can be used as a therapeutic agent for treating and
managing diabetes.

1. INTRODUCTION

347 million people suffer from DM. It will rank seventh among all

Diabetes mellitus (DM) is a non-communicable and endocrine-
based disorder with vascular complications characterized by
atherosclerosis, nephropathy, neuropathy, retinopathy, and other
cardiovascular disorders resulting in organ and tissue damage,
contributing to the global healthcare burden [1-3]. Worldwide,
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the causes of death by 2030 [4], and it is projected that the global
incidence of diabetes in 2019 which was 9.3% (463 million) will
rise to 10.2% (578 million) by 2030 and 10.9% (700 million) by
2045. The frequency ought to be greater in urban areas (10.8%)
than in rural areas (7.2%) and in high-income areas (10.4%) than
in low-income countries (4.0%). The current lifestyle has posed
a substantial detrimental influence on the sedentary population
with increased weight [5,6]. About 90% of all cases of diabetes
in various countries are noninsulin-dependent DM [7]. Type
2 DM is the insulin resistance-related metabolic dysfunction
and persistent hyperglycemia has catastrophic consequences
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and is one of the world’s most serious public health issues [8].
Despite the availability of several traditional medicines, such as
thiazolidinediones (TZDs), metformin, sulfonylureas, dipeptidyl
peptidase 4 inhibitors, glucagon-like peptide 1, and sodium-
glucose cotransporter-2 inhibitors, side effects still persist [9].

The present epidemiological status of diabetes has covered the
researchers for their new novel studies targeting the eradication of
this incurable disease. Characterization of several complications
in DM is basically altered due to metabolisms of protein,
carbohydrate, and fats resulting in the lack of insulin secretion
[10]. As for now, the diabetic treatment is reported to cause a lot
of side effects, but herbal floras can be utilized because of their
minimal side effects, efficacy, relatively low costs, and ease of
access. A large number of herbal plants have been exploited vastly
for medication since ancient times for the treatment of many
diseases. Several populations are dependent on these conventional
methods, such as Siddha, Ayurveda, Unani, and herbal medicines,
and their extracts are widely prescribed, even when their
biologically active compounds are unknown [11]. Even the World
Health Organization (WHO) has approved employing some plants
as medication for different disorders including DM [12].

Ethnomedicinal plants are precious products from nature to
mankind, and they are excellent sources of many phytochemicals
utilized in human and animal health diets [13]. According to the
WHO [14], over 80% of the population in poor nations rely on
traditional, plant-based medicines for their healthcare needs.
Phytochemicals are secondary metabolites secreted by plants
for defense purposes, and research demonstrates that these
phytochemicals may be utilized to successfully and safely cure
a variety of illnesses [15]. Phytoconstituents come in a variety of
forms, each with its own set of pharmacological and therapeutic
characteristics. In vitro assays can be employed as early screening
methods for evaluating the antidiabetic efficacy of medicines,
allowing for the screening of a large number of prospective
treatment candidates. They might give helpful information on
medicinal drugs’ mechanisms of action [16].

It has been estimated that more than a thousand plant species are
being used as folk medicine for curing diabetes. Herbal products
or plant products are rich in flavonoids, phenolic compounds,
terpenoids, and other constituents which help to reduce blood
glucose levels [17,18]. Abutilon indicum, an erect, branched shrub
of 0.5-1 m height, with the Thai names Krob-Fun-Si, Fun-Si,
or Ma-Kong-Khaao, is the native Southeast Asian plant. It is a
small shrub belonging to the Malvaceae family, native to tropical
and subtropical regions and sometimes ornamentally cultivated
in Karnataka and Tamil Nadu. This plant has a long tradition of
being used medicinally as an antidiabetic treatment and is found
to include alkaloids, flavonoids, tannins, saponins, and glycosides
through phytochemical screening [19]. It has revealed the presence
of a diversity of secondary metabolites which are responsible for
its biological activities such as antipyretic, antiviral, antimalarial,
anti-venom, antibacterial, cytotoxic, anti-hyperglycemic, anti-
urolithiatic, anti-hyperlipidemic, gastroprotective, antidiarrheal,
wound healing, antihypertensive, antioxidant, immunostimulant,
diuretic, antifungal, analgesic, anti-inflammatory, aphrodisiac,
anthelmintic, and hepatoprotective [20].

Abdul et al. [22] explained the cytotoxicity of crude methanolic
leaf extract of A. indicum. In brine shrimp lethality bioassay, LC,
obtained from the best-fit line slope were 0.419, 3.01, 5.62, 1.51,
and 11.20 pg/ml [21]. 3T3L1 cells represent a good model for the
uptake of glucose because they have been vastly used to elucidate
the mechanism in the uptake of glucose in muscle cells and also
have intact insulin signaling pathways and express insulin-sensitive
glucose transporter type 4 (GLUT 4) transporters [23-25]. Cells that
have an elevated glucose level, which are measured by beta cells in
the pancreas, release insulin into the bloodstream. The mechanism
of movement of insulin through the blood precisely binds to the
receptors found in the cell membrane, including brain cells, liver,
muscle cells, adipose, etc. Due to elevated blood glucose levels,
the opening of gated ion channels, such as voltage-dependent Ca+
channels and Ca+ channel concentration, is increased by insulin
released by ATP-mediated cell depolarization [26]. For several
experiments on cell functions, the RIN5f cell lines help to promote,
including insulin gene expression, metabolism, glucose transfer,
and release of insulin. RINSF cells are primarily susceptible to the
release of insulin triggered by glyceraldehyde but not responsive to
glucose. Therefore, at some levels of glucose concentration, the use
of glucose exceeds a high intensity and is hyperbolic in nature [27].

As the current lifestyle of the people is changing day by day,
proper monitoring of the diet and its assessment is a must to
control the blood glucose level. The glycemic index (GI) is an
evaluation of the increase in blood glucose levels from the intake
of different food materials. The main principle behind GI is the
recommendation of foods to consume in order to regulate the GI
for people suffering from or on the brink of developing DM. A
comparison of the meal tested and the isoglucosidic check meal
after intake shall be used to determine GI for any food content.
Monosaccharide glucose induces a broad glycemic reaction and
often serves as the benchmark food. Initially, people with diabetes,
due to their poor GI, used to use fructose as an alternative sweetener.
Minimal amounts of fructose have been shown to enhance glucose
metabolism by causing glucokinase. As a consequence, glycogen
production increases and hepatic cell performance decreases.
Fructose, however, has been a primary issue over the past decade
with respect to its role in the epidemics of obesity, diabetes, and
cardio metabolic complications. Ecologically generated findings
have linked increasing fructose intake to increased obesity [28,29].

The use of bioactive phytochemicals for treating obesity has gained
increasing recognition in new pharmacological agents in recent years
[30]. In the current research work, we studied in vitro and in silico
molecular docking interactions with models designed to activate
particular antidiabetic targets to examine the antidiabetic efficacy
and mechanism of action. In addition, we imply determining the GI
of A. indicum leaves in vitro using 3T3L-1 cells, insulin release in
RINS5f cells, and glucose absorption in 3T3L-1 cells.

2. MATERIALS AND METHODS

2.1. Cell Lines, Media, Assay Kits, and Reagents

3T3L-1 cells were procured from American Type Culture Collection
(ATCC) [CL-173]; o-minimum essential medium and insulin from
Sigma; fetal bovine serum (FBS) and antimycotic from Invitrogen;
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Dulbecco’s modified eagle medium (DMEM) from Gibco; bovine
serum albumin, dexamethasone, isobutylmethylxanthine (IBMX),
insulin, LiCl and 2-deoxy[14C]glucose from GE-Amersham. 0.1
M KH,PO, buffer solution (pH 6.9) and H,PO, were from Pure
Chemicals Co.; trypsin was from Sigma-Aldrich; rat insulin
ELISA kit was from Kinesis DX, California (Cat. No. K110708);
and the dialysis bags were from Surni Labs.

2.2. Plant Material

The plant sample A. indicum (L.) was collected from “Krishnendra
botanical plant nursery” Lalbagh, Bengaluru. Taxonomy
identification accession number is UASB-4604 from the Botanical
Garden University of Agriculture Sciences, GKVK, Bengaluru.

2.3. Preparation of Plant Extract

Fresh green leaves of A. indicum (L.) were collected and washed
thoroughly under running tap water, followed by distilled water, to
remove the dirt. The leaves made into a powder by grinding after
shade drying. Powdered leaf samples were then sieved, weighed,
and stored in an airtight container for experimental use. The
powder (5 g) was measured and mixed with 95% methanol (50 ml)
in the dark at 28°C for 24 hours and shaken (150 rpm). In order to
obtain the extract, the mixture was filtered through a muslin cloth
and a Whatman (No. 1) filter paper. The filtrate leaf extract was
evaporated in a rotary evaporator at 50 mm high pressure at 50°C.
As evaporated leaf extracts are viscous and thick, they are stored
in air-tight bottles and frozen at 20°C until analyzed.

2.4. Procedures and Protocol for Glucose Uptake Assay

2.4.1. Glucose uptake assay

GSK-3 inactivation promotes glucose absorption in 3T3L-1
differentiated cells (adipocytes), which may be detected using
2-deoxy-[14C]glucose and quantified using a scintillation counter.

2.4.1.1. Differentiation of 3T3L-1 cells. We obtained adipocyte
3T3L-1 cells from ATCC, which were grown to conglomeration
in 12-well culture plates [60,000 cells/well]. Cell differentiation
was started 2 days later by incubating cells for 48 hours with 2
g/ml insulin, 0.5 mM IBMX, and 0.25 mM dexamethasone in
DMEM contain 10% FBS and 1% antibiotic antimycotic. The
culture medium was discarded and replaced with regular medium
containing 2 pg/ml of insulin. Cells were re-fed with normal
media for another 2 days.

2.4.1.2. Glucose uptake assay using 3T3L-1 cells. Adipocytes
3T3L-1 cells were washed twice with serum-free DMEM after
approximately 9 days after differentiation. The cells were then
pre-incubated for 2.5 hours in serum-free Dulbecco's modified
Eagle's medium (SF-DMEM) before being aspirated and given 1
ml of SF-DMEM containing insulin or insulin in addition to the
test material. For 60 minutes, the adipocyte cells (3T3L-1 cells)
were pretreated with a positive control/test material before being
stimulated with (1-100 nM) insulin for 30 minutes. This solution
was aspirated, and 1 ml of uptake buffer (phosphate buffered
saline, pH 7.4) was added to each well, containing 0.05 mM
2-deoxyglucose [0.01 puCi/ml (U-14C)-2-deoxyglucose]. Cells
were wash thrice with ice cold saline phosphate buffer solution,

after 10 minutes at 37°C and lysed with 0.5 ml of phosphate
buffered saline containing 1% Triton X-100. Liquid scintillation
was used to measure glucose uptake.

Note: IBMX and dexamethasone encouraged the cells to uptake
triglycerides from the serum

2.5. Rat Insulin Release in Cell Culture Supernatants
Samples

2.5.1. Reagent preparation

i.  Wash buffer: 1x working wash buffer solution was prepared
by diluting 30x wash buffer concentration with deionized
water.

ii.  Standard preparation: standards were serially diluted from 48
to 1.56 mIU/I using standard diluents.

2.6. Procedure

2.6.1. Procedure for loading samples, standards, and blanks into
wells

Blank wells: 50 pl/well of standard diluent (sample, anti-insulin
antibody labeled with biotin, and streptavidin-horseradish
peroxidase (HRP) were not added). Add chromogen reagents A
and B and stop solution as per the procedure shown. The steps of
operation are the same for blanks, samples, and standards.

Standard well: 50 pul of standard solution and 50 pul of streptavidin-
HRP.

Sample wells: Biotin antibody (10 pl), sample (40 pl), and
streptavidin-HRP (50 pl). Then the plate was sealed and incubated
at 37°C for 60 minutes.

After incubation, the plate was washed thrice using 1x wash buffer
by soaking the wells for about 30 seconds between each wash.
Any remaining wash buffer was thoroughly removed either by
aspiration or blotting the plate on a paper towel.

i.  For color development, 50 pl of chromogen reagent A was
added to each well, followed by 50 pl of chromogen reagent
B and incubate for 10 minutes at 37°C in dark.

it. 50 pl stop solution to each well was added to stop the reaction.

iii. Absorbance was measured at 450 nm.

2.7. Hydrolysis Index Analysis

Two grams of the carbohydrate sample of each item was sliced
and crushed in a mortar with pestle with 20 ml of 0.1 M potassium
phosphate buffer solution (pH 6.9) maintained at 37°C, and 1 ml
of A. indicum (L.) extract was added to the mixture. Samples were
homogenized at constant speed, followed by washing with 20 ml
buffer solution. Following homogenization, ortho-phosphoric
acid is used to lower the pH to 2.5, followed by 1 ml of trypsin
enzyme (Sigma-Aldrich) (10 pg). The samples were placed in a
37°C stirring water bath for 1 hour to simulate the time that food
would be churned in the human stomach. Each sample was then
re-buffered to pH 6.8 with KOH, and 2 ml a-amylase enzyme
(Sigma-Aldrich) (20 pg) was added. The whole content of the
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flask was then transferred into dialysis bags, and then immersed
in 500 ml buffer solution. The flasks were swirled in a water bath,
with 40 ml of the buffer solution was removed every 30 minutes
for analysis of the rate carbohydrate hydrolysis from the buffer
solution. During the analysis, the volume of the buffer solution
was allowed to decrease. The area plotted under the concentration-
over-time curve (AUC) was calculated after which the results
were displayed on a graph. The hydrolysis index (HI) values
were determined by comparing the AUC of the particular food
to the AUC of maltose, which served as the reference food. The
following equation was used:

GI=(iAUC_ _./iAUC 00

HI of food tested = AUC food tested ~ AUC reference food

A )x1
test food reference food

2.8. 1,1-Diphenyl-2-Picryl Hydrazyl (DPPH) Radical
Scavenging Assay

DPPH assay was carried out as per the method of Ononamadu ef al.
[28]. Briefly, 75 pg/ml of DPPH solution, various concentrations
of the test solution, and high-performance liquid chromatography
grade methanol were added to make up 3 ml. There are different
concentrations tested for the reference standard: 0.5, 1.0, 1.5, 2.0,
and 2.5 pg/ml. Then, the reaction mixture is mixed and incubated
for 15 minutes at 25°C. A semi-autoanalyzer is used to measure
the absorbance at 590 nm. A control reaction is carried out without
the test sample.

2.9. Molecular Docking Analysis

The crystal protein data bank (PDB) structure of human peroxisome
proliferator-activated receptor gamma (PPARy; PDB ID: 2P4Y)
was retrieved from the PDB. Substrate analogue, water molecules,
and other crystallographic buffer components were relieved by
Molegro Molecular Viewer. For molecular docking, Autodock4
program tools were employed following the Lamarckian genetic

algorithm [31]. Khan et al. [32] extracted the most active four
known compounds: 1. syringic acid, 2. methyl caffeate, 3. methyl
trans-p-coumarate, and 4. pinellic acid. Different solvents like
petroleum ether extract, methanol extract, chloroform, and ethyl
acetate subfractions from 4. indicum leaves were studied and their
cytotoxicity on U87MG human glioblastoma cells same phyto-
active compounds were chosen and drawn from the PubChem
database, which is listed in Table 5, as well as their molecular
interaction with PPARY was studied [33].

3. RESULTS AND DISCUSSION

3.1. Glucose Uptake Assay Using 3T3L-1 Adipocytes

PPARy plays an important role in adipogenesis [34]. Researchers
have found that PPARy affects adipogenesis and glucose uptake
independently, and these two factors have important implications
for the development of better diabetes drugs. In vitro studies were
conducted on the glucose utilization of 3T3L-1 cell lines. Adipocytes
and 3T3-L1 cells were supplemented for 48 hours. and the
experimental results showed that 100 nM insulin and 50 mM LiCl
glucose uptake showed 3.37 and 3.86-fold stimulation, respectively,
when compared to control, whereas the given samples at 200,
400, and 800 pg/ml showed 1.37, 1.62, and 1.85 fold stimulation,
respectively, when compared to control (Fig. 1). The results obtained
in the present study clearly demonstrate that A. indicum (L.) extract
enhances glucose uptake under in vitro conditions (Table 1).

3.2. Quantification of Insulin Release by ELISA

Insulin secretion and glucose homeostasis are dependent on
pancreatic cell regulation, which is implicated in a range of
physiological and pathological situations such as apoptosis,
glucotoxicity, autoimmunity, and insulin resistance. A breakdown
in glucose homeostasis is caused by permanent damage and
pancreatic cell death, which plays a key role in the development of
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Figure 1: Glucose uptake assay in 3T3L-1 cells.
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diabetes. The RIN-5F pancreatic cell line was used to evaluate the
activity of insulin secretion [35,36]. The insulin release in RIN-
5f cells treated with various concentrations was quantified by an
insulin calibration linear graph (Table 2; Fig. 2). The sample shows
a dose-dependent increase in insulin secretion and the highest
test concentration of 800 pg/ml showed 2.67-fold stimulation.
Glucose (taken as a positive control) at 5 mM, showed 4.67-fold
stimulation (Table 3; Fig. 3)

3.3. Hydrolysis Index Analysis

The AUC was calculated for the tested food sample (Fig. 4) along
with the control using the trapezoidal rule, and the HI value was
estimated by taking the measure of the relationship of the area
under the curve of the tested food sample to the area under

3.4. DPPH Radical Scavenging Assay

DPPH is a stable free radical with purple color and the antioxidants
reduce the DPPH colorless compound which is measured at an
absorbance of 590 nm. In the DPPH assay, the sample showed a
dose-dependent DPPH radical scavenging activity with IC, value
01 99.12 pg/ml when compared to standard quercetin with an IC,
value of 1.7 ug/ml (Table 5; Fig. 5).

Calculating percentage growth inhibition is as follows: %
inhibition=(OD__ —OD___)/OD x 100

control sample- control

Table 2: Insulin calibration analysis.

the curve of the maltose taken as the reference food (Table 4). Conc. pIU/ml OD at 450 nm
Glycemic load (GL), assessing the total glycemic of diet which Control 0 0.088
proved to be crucial in the epidemiological studies, was also 4.69 0113
estimated by taking account of the product of dietary GI [37] and 9.38 o .1236
the carbohydrate content of the test food sample. The HI value : :
of tested sample was found to be 53.30 and the GL was 17.48. Calibrant 18.75 0.1366
However, the GI value of white rice is reported in the GI and load 37.5 0.1857
guide to be 73 [38], which suggests that the reproducibility of the 75 0.2566
data is precise in accordance with the test sample. 150 03916
Table 1: Glucose uptake assay in 3T3L-1 cells.
Sample Conc. Mean counts per minute (CPM)  Fold stimulation SEM
Control 0 4,296 1.00 296
Insulin (nM) 100 14,465 3.37 1,097
Lithium chloride (mM) 50 16,576 3.86 1,402
200 5,904 1.37 554
A. indicum (png/ml) 400 6,941 1.62 1,521
800 7,938 1.85 1,221
Calibrant Curve
0.450
0.400
0.350
5 0.300
2 0250
-+
= 0.200
A y =0.002x+0.1017
© i R*=0.9941
0.100
0.050
0.000
0 20 40 60 80 160
Conc. nIU/mL

Figure 2: Insulin calibration graph.
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Table 3: Quantification of insulin release in RIN-5f cells treated with A. indicum.

Sample Test conc. (ng/ml) OD at 450 nm Insulin conc. (mIU/) Fold stimulation
0 0.1029 0.60 1.00

50 0.1032 0.75 1.25

100 0.1036 0.95 1.58
A. indicum

200 0.1039 1.10 1.83

400 0.1044 1.35 2.25

800 0.1049 1.60 2.67
Glucose (positive Glucose (positive control) 0.1073 280 467
control) 5 mM

Insulin release assay for sample Abutilon indicum
4.500 ~

)

.

o

=}

=}
|

3.500 -
3.000 -
2.500

2.000 -
1.500 -
1.000 -
0.500 -
0.000 - . . . . . . .
0 50 100 200 400 800 SmM

Insulin Conc. (mIU/L

Conc. pg/ml.

Figure 3: Representation of the quantification of insulin release in RIN-5f cells treated with A. indicum.

Glycemic Index Analysis
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Figure 4: Hydrolytic variation in the concentration of the reducing sugar with respect to time.
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Table 4: AUC, HI, and GL.

Time (minutes) Conc. (ug/ml) (Sample) Conc. (ug/ml) (Control) AUC (Sample) AUC (Control)
0 0.05 0.05 - -
30 0.06 0.09 1.65 2.1
60 0.08 0.17 2.1 3.15
90 0.13 0.22 3.15 4.35
120 0.14 0.26 4.05 5.25
150 0.14 0.29 42 5.55
180 0.14 0.31 4.2 5.85
Total area under the curve 19.35 36.30
HI* 53.30 100
GL® 17.48
% AUC Sample/AUC Control) x 100.
*Glycemic index (GI) *Carbohydrate content of the sample)/100.
Table 5: DPPH radical scavenging assay.
Sample name Conc. (ug/ml) Abs"“l’;']'l‘)ce (590 % inhibition IC,, (ng/ml)
Control 0 0.252 0 0
Quercetin 0.3125 0.241 4.2063492
0.625 0.194 23.095238
1.25 0.197 21.785714
2.5 0.151 40.238095 1.70
5 0.093 63.293651
10 0.094 62.698413
20.000 0.081 67.857143
Sample 3.125 0.242 3.8492063
6.25 0.234 7.2222222
12.5 0.216 14.484127
99.12
25 0.196 22.142857
50 0.148 41.269841
100 0.103 59.325397

3.5. Molecular Docking Analysis

Khan et al. [32] studied the different solvent extracts of A
indicum leaves for cytotoxicity on U87MG human glioblastoma
cells and the most active AIM-C. The syringic acid, methyl
trans-p-coumarate, pinellic acid, and methyl caffeate fractions
were repeatedly chromatographed to produce four recognized
compounds: methyl trans-p-coumarate, pinellic acid, methyl
caffeate, and syringic acid. An experiment of chemical 1—4 on cell
viability against U87MG cells revealed that chemical 2 had the
highest IC, | value (8.2 mg/ml), while the others had significantly
lower activity. In normal human cells (HEK-293), compounds 1-4
were shown to be non-toxic. These compounds were studied along
with the antidiabetic drug molecule TZDs to study their molecular
interaction. The molecular interaction between PPARy with A.
syringic acid, B. methyl caffeate, C. pinellic acid, D. methyl trans-
p-coumarate, and E. TZDs is shown in Table 6 and Figure 6.

Adipogenesis is a complex and coordinated process which
begins with the upregulation of two early transcription factors,
cytosine-cytosine-adenosine-adenosine-thymidine/enhancer-
binding protein beta (C/EBP) and C/EBP, which then induces
the expression of PPARy, the master gene in adipogenesis,
which increases the expression of proteins associated with the
adipocyte phenotype. 3T3L-1 fibroblasts are precursor cells used
as a model to study adipogenesis [39]. A combination of insulin,
dexamethasone, and methylisobutylxanthine is used to promote
preadipocyte differentiation. After a few days, the cells grew
spherically and began to collect lipid droplets, and 7-10 days after
induction, they reached final differentiation.

Although antidiabetic efficacy has been demonstrated in several
studies, a broad usage of PPARY agonists has been limited due
to severe cardiovascular consequences. To address this issue,
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Figure 5: A. DPPH radical scavenging activity (quercetin). B. DPPH radical scavenging activity (sample).

Table 6: Molecular interaction between PPARy with A. syringic acid, B. methyl caffeate, C. pinellic acid, D. methyl trans-p-
coumarate, and E. TZDs and the number of hydrogen bonds, hydrogen bond interactions, and energy.

Ligand name PubChem Id No. of hydrogen bonds Hydrogen bond interaction Energy
Syringic acid 10742 2 ARG288:HE, SER342:HN -39
Methyl caffeate 689075 3 GLU343:0E2, ARG288:HH, ARG288:HH —4.49
Pinellic acid 9858729 2 THR229, LEU 340 —2.62
Methyl trans-p-coumarate 5319562 2 GLU295:0E1, GLU343:HN —5.44
TZDs 50944073 2 GLN286:0E1, SER289:HG -7.62

researchers discovered selective PPARy modulators with
antidiabetic effectiveness equivalent to full agonists but with better
tolerability in preclinical animals [40]. In humans and animals,
pharmacological agonists for the nuclear receptor PPARy improve
glucose excretion in a number of insulin-resistant conditions.
The exact processes through which PPARy activation leads to
enhanced glucose absorption in metabolically active cells are not
known. Notably, several new, synthetic PPARY ligands appeared
to block thiazolidinedione-induced adipogenesis; however, further
research is needed. TZDs are a novel family of drugs used to treat
type 2 diabetes [41,42].

They stimulate adipogenesis and fatty acid absorption via binding
to PPARy in adipocytes (in peripheral but not visceral fat). The
medicines enhance insulin sensitivity by lowering circulating fatty
acid concentrations and lipid availability in the liver and muscle [43].

Cardiovascular disease is primarily caused by two prevalent risk
factors: aging and DM [44].

The prevalence of diabetes has tended to prevail despite a vast
number of developments and discoveries of newer medicines
to cure or avoid the disease. Persistent hyperglycemia damages
different organs over time, especially those that require insulin
for glucose uptake. Many plants have been used to cure DM
over the years. A notable discovery of 4. indicum extract is that

it has significant insulin-like characteristics, as demonstrated by
increased glucose absorption in the diaphragm, which represents
muscle cells and is the primary location of insulin-stimulated
glucose disposal. GLUT4 is the most common glucose transporter
found in insulin-responsive tissues including skeletal muscle and
adipose tissue [45,46].

Glucose transporters are mainly responsible for the uptake of
glucose by insulin-mediated cells, as the insulin level decreases
and glucose transporters move across the membrane into
intracellular pools for the purpose of storage and this process
is recycled [47,48]. A vital aspect of maintaining whole body
glucose homeostasis is insulin’s ability to stimulate glucose
uptake into muscle and adipose tissue [49]. Insulin signaling
pathway is always associated with insulin resistance which is
crucially found in the development of DM (type 2 diabetes) as
they majorly contribute in the role of type 2 diabetes mellitus. At
one perfect point, insulin receptors (IRs) will proliferate through
multiple pathways. Insulin released into the blood stream by cells
in which high level of glucose detected through beta cells present
in pancreas. This processes insulin transport across the blood and
binds specifically to the receptors which are embedded in the cell
membrane such as brain cells, liver, muscle cells, adipose, etc.
Diets with high glycemic reactions, which cause a high increment
in blood glucose, have been correlated with expanded danger
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A. syringic acid

D. Methyl trans-p-coumarate

B. Methyl caffeate

C. Pinellic acid

E. Thiazolidinediones

Figure 6: Molecular interaction between PPARy with A. syringic acid, B. methyl caffeate, C. pinellic acid, D. methyl
trans-p-coumarate, and E. TZDs.

of type II diabetes, chronic diseases, and cardiovascular illness,
including stoutness and specific sorts of malignancy [50,51].
Diabetes is regulated by AGE receptors glyoxalase 1, tumor
necrosis factor, chronic unreliable stress, reactive oxygen species,
and other modulators like inflammation cytokines [52].

The present investigation indicated that the test sample exhibited
lower glycemic response in correspondence to the control
sample suggesting it to be the low GI food and inferred to be
recommended for the people ailing with type 2 diabetes, as per the
standardization to the WHO. Foods with GI <55 are considered to
be low GI foods; GI from 56 to 69 as medium GI foods; and GI 70
are high GI foods [53,54]. The antioxidant properties of 4. indicum
leaf extract on DNA damage and peripheral blood lymphocytes

(PBLs) in combating oxidative stress, as well as radiation-induced
DNA damage protection and oxidative stress quenching effects of
A. indicum ethanolic leaf extract (EEAI) on human PBLs were
investigated. The effects of EEAI on human PBLs revealed that
the extract at 150 g/ml decreased the cytotoxicity of hydrogen
peroxide by more than half [55]. Researchers have identified
phytochemicals with antidiabetic potential, as well as how to
inhibit the disease.

According to studies, carbohydrate counting may be the best
technique for people with diabetes to manage their blood glucose
levels in the body. There have been some medical studies indicating
that a low-GI diet may help individuals with diabetes control their
blood glucose levels, regardless of the fact that the observed effects
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could also be attributed to the low-calorie, high-fiber content of
the eating regimens recommended in the investigation.

4. CONCLUSION

This research on the health effects of traditional plant-based foods
will benefit the treatment of various diseases. In conclusion, the
present research work explains the potentiating effects of A. indicum
methanolic leafon glucose uptake in 3T3L-1 adipocytes were mediated
via PPARY through in vitro as well molecular docking studies. We have
studied that PPARy agonists potentiate basal and insulin-stimulated
glucose uptake in 3T3L-1 adipocytes. In cells expressing 3T3L-1
adipocytes that suppress adipogenesis, the potentiation of glucose
uptake is maintained, indicating that downstream effects to PPARy
activation are selective. Drugs that increase insulin sensitivity without
increasing fat formation might be produced if such specific regulation
of receptor activity could be carried out using PPARy. Moreover,
RINSF cell lines for insulin secretion shown a dose-dependent
increase in insulin secretion and the highest test concentration of 800
pg/ml showed 2.67-fold stimulation. Also, the HI value was found
to be 53.30 and GL was 17.48 pg/ml. Because insulin resistance has
been related to the progression of type 2 DM, natural phytochemicals
that activate 5’ adenosine monophosphate-activated protein kinase
activation should have a substantial therapeutic influence on the
diabetes. These results suggest that 4. indicum (L.) is potential
indicator for sensitizing insulin secretion and strongly inhibits the
release of glucagon which can be used as a safe method or supplement
treatment strategy to control diabetes. The derived products may be
an important source of nutrition and therapy as well development of
new pharmaceuticals to treat DM.
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