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Abstract

Diabetes mellitus is a global metabolic disorder with an increasing prevalence. This study investigates the
antidiabetic potential of Biwa (Eriobotrya japonica) leaf nanoherbal through in silico and in vivo approaches. A total of
12 bioactive compounds from E. japonica leaf extract were screened using in silico approaches to assess their
pharmacokinetics, toxicity, and molecular interactions with PTP1B and DPP4. Molecular docking analysis revealed that
11 out of 12 compounds exhibited strong interactions with these key enzymes involved in glucose metabolism,
particularly Quinic Acid (-7.7 kcal/mol) and Luteolin (-7.6 kcal/mol) for PTP1B, as well as Oleanolic Acid (-9.2
kcal/mol), Luteolin (-9.1 kcal/mol), and quercetin (9.0 kcal/mol) for DPP4. For the in vivo study, 30 Wistar rats were
divided into 5 groups, where the negative control [C(—)] received physiological saline, while the diabetic control [C(+)]
and treatment groups were induced with alloxan (120 mg/kg BW). After diabetes induction, [T1] received E. japonica
nanoherbal at 250 mg/kg BW, [T2] received E. japonica nanoherbal at 500 mg/kg BW, and [T3] received
glibenclamide at 5 mg/kg BW. Blood glucose levels were monitored, and pancreatic histology was analyzed. The in
vivo results showed that nanoherbal treatment significantly reduced blood glucose levels, with the 500 mg/kg BW dose
decreasing glucose levels from 277.8 to 157.4 mg/dL on day 14. Histological analysis further demonstrated improved
pancreatic islet structure and reduced cellular degeneration in treated groups. These findings suggest that E. japonica
nanoherbal has strong antidiabetic potential by targeting glucose-regulating enzymes and enhancing pancreatic
histology.
Keywords: E. japonica, Nanoherbal, Antidiabetic therapy, In silico, Molecular docking

Introduction

DM is a global health challenge that has been
increasing significantly in recent decades. By the
International Diabetes Federation (IDF), over 537
million adults worldwide were living with DM in 2021,
a figure projected to rise to 643 million by 2030, and
sedentary lifestyles account for approximately 90 - 95
% of all DM cases [1-3]. Uncontrolled DM can lead to
chronic  hyperglycemia, resulting in  severe
complications, which may arise in the form of diabetic
retinopathy, nephropathy, neuropathy, and heart
disease [4]. Moreover, hyperglycemia induces damage

to the B-cells in the pancreatic islets of Langerhans,

impairing the production of insulin and exacerbating
the metabolic state of patients. These impacts not only
diminish individual quality of life but also impose a
substantial economic burden on global healthcare
systems [5].

Conventional diabetes therapies, such as
metformin, insulin, and sulfonylureas, have been the
primary approaches for managing blood glucose levels
[6]. However, these treatments have significant
limitations, including risks of side effects such as
hypoglycemia, organ toxicity, and a decline in efficacy

over time due to drug resistance [7]. Additionally, the
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high cost of long-term treatment poses a significant
challenge, particularly in developing countries.
Consequently, exploring alternative therapeutic
approaches that are safer, more effective, and
affordable, especially those derived from natural
sources such as traditional medicinal plants, has
become imperative.

One promising traditional medicinal plant is
Biwa (E. japonica), widely used in conventional
medicine to treat various ailments [8]. This plant is
abundant in bioactive substances, including flavonoids,
triterpenoids, and polysaccharides, which have been
reported to exhibit antidiabetic activity through several
mechanisms [9,10]. These include antioxidant activity
that protects cells from oxidative damage, glucose
regulation through the modulation of glucose-
metabolizing enzymes, and protective effects on p-cells
in the pancreas, which are often damaged by oxidative
stress and inflammation [11]. Although E. japonica
holds great potential as an antidiabetic agent, its
bioactive compounds often suffer from low
bioavailability due to certain chemical properties, such
as poor solubility. Nanoherbal technology offers a
solution to this limitation by enhancing the stability,
bioavailability, and efficacy of active compounds.
Nanoformulations enable bioactive compounds to more
effectively reach molecular targets, resulting in
optimized therapeutic effects [12,13].

In silico research, an essential initial step to
evaluate the potential of bioactive compounds through
approaches such as molecular docking and
pharmacokinetic analysis. This analysis helps identify
the interaction of compounds with molecular targets
involved in blood glucose regulation, such as specific
enzymes or receptors [14]. This study employs
molecular docking to investigate potential interactions
of inhibitors with protein tyrosine phosphatase 1B
(PTP1B) and dipeptidyl peptidase-4 (DPP4), both of
which play crucial roles in the pathogenesis of diabetes
and obesity [15]. PTP1B is vital in regulating insulin
signaling, directly influencing glucose metabolism,
while DPP4 impacts incretin peptides essential for
maintaining f-cell function in the pancreas [16,17].

Subsequently, in vivo approaches using animal
models provide empirical data to confirm antidiabetic
activity and protective effects on organs, including

pancreatic histology [18]. Integrating of in silico and in

vivo data provides a robust scientific foundation for
assessing the potential of E. japonica as a diabetes
therapy agent.

This study aims to explore the potential of
nanoherbal E. japonica as an antidiabetic therapy
through an integrative approach involving in silico and
in vivo analyses. The primary focus is on blood glucose
regulation and histological protection of the pancreas.
The findings of this research are expected to bridge
knowledge gaps related to the development of
nanoherbal-based therapies while providing innovative

solutions for managing DM.

Materials and methods

Research material

Biwa (E. japonica) plants were collected from
Tangkahan in the Gundaling area, Berastagi District,
Karo Regency, North Sumatra Province. The fresh
Biwa leaves were dried, ground into a coarse powder,
and then processed into a nanoherbal form. The milling
process was conducted using a 2 M HCI activator with
a Planetary Ball Milling (PBM) machine manufactured
by PT Nanotech Indonesia Global Tbk. A mass ratio of
20:1 (balls in the machine: milled powder) was
applied. The milling was performed for 2 consecutive
9-hour periods, resulting in a total processing time of
18 h. The milling process was carried out at 350 rpm
for a total of 20 h, resulting in the production of
nanopowders, which were subsequently analyzed using
a Particle Size Analyzer (PSA).

LCMS/MS analysis of nanoherbal Biwa leaves
(E. japonica)

Once the Biwa (E. japonica) nanoherbal had been
formed, a portion of the sample was extracted using 96
% ethanol for LC-MS/MS analysis. The extraction
process was carried out by sonicating the sample for 30
min, followed by centrifugation at 10,000 rpm for 10
min. The supernatant was collected and was filtered
through a 0.22 pm membrane before analysis. The
analysis was conducted using an AB Sciex 3200 Q-
Trap, which was coupled with a Perkin Elmer FX 15
UHPLC system. A pre-packed C18 column (5 um,
4x250 mm, Phenomenex) was used for separation. The
mobile phase was prepared using water (solvent A) and

ethanol containing 1 % acetonitrile, 0.1 % formic acid,
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and 5 mM ammonium formate. Data from the run are

processed using MassLynx v4.1 software [19].

In silico analysis compounds nanoherbal Biwa

The bioactive compounds identified from the LC-
MS profiling of Biwa leaf (E. japonica) nanoherbal
extract include Quinic Acid (PubChem CID: 6508),
Caffeic Acid (PubChem CID: 689043), Chrysin
(PubChem CID: 5281607), Coumaric Acid (PubChem
CID: 637542), Luteolin (PubChem CID: 5280863),
Kaempferol (PubChem CID: 5280863), Betulinic Acid
(PubChem CID: 64971), Oleanolic Acid (PubChem
CID: 10494), Quercetin (PubChem CID: 5280343),
Rutin  (PubChem CID: 5280805), Epicatechin
(PubChem CID: 72276), and Eriodictyl (PubChem
CID: 440735). These compounds were subjected to
molecular docking analysis against Protein Tyrosine
Phosphatase 1B (PTP1B, PDB ID: 5T19) and
Dipeptidyl Peptidase-4 (DPP4, PDB ID: 4A5S) to
evaluate their potential interactions and therapeutic
efficacy in diabetes management.

Drug-likeness evaluation, and biological activity
prediction

The drug-likeness of the bioactive compounds
identified from the nanoherbal of Biwa leaves (FE.
japonica) has been assessed using Lipinski’s Rule of
Five (Ro5), which is applied to evaluate oral
bioavailability based on specific criteria. According to
Ro5, good oral bioavailability is likely when
compounds meet the following conditions: Log P < 5,
no more than 5 hydrogen bond donors, no more than
10 hydrogen bond acceptors, and a molecular weight of
<500 g/mol [20,21]. Compounds exceeding these
thresholds may exhibit limited bioavailability.
Additionally, biological activity predictions were
carried out using the PASS Online tool. SMILES
PubChem
(http://pubchem.ncbi.nlm.nih.gov) and uploaded to the

structures were extracted from

Way2drug server (http://way2drug.com/PassOnline/),

where predictions were based on the activation
potential (Pa) values. Compounds with a Pa value
above 0.7 are considered to have high biological
activity, those with Pa values below 0.7 but above 0.5
are considered to have moderate activity, and
compounds with Pa values below 0.5 are considered to
have low activity potential [22].

ADMET properties and molecular docking
analysis

ADMET (Absorption, Distribution, Metabolism,
Excretion, and Toxicity) properties of the Biwa
nanoherbal compounds (E. japonica Thunb. Lindl.)
were evaluated wusing the pkCSM  webserver
(http://biosig.lab.uq.edu.au/pkcsm/prediction).

Toxicological risks were analyzed using the
ProTox-III  server  (https://tox.charite.de/protox3/),
while the PerMM tool (https://permm.phar.umich.edu/)
predicted passive diffusion across lipid bilayers. These
analyses provided insights into the pharmacokinetic
potential and safety profile of the compounds.
Molecular docking simulations were conducted to
study the bioactive compounds’ interactions with
specific target proteins involved in diabetes
management. These include PTP1B (PDB ID:5T19),
and DPP4 (4A5S) [15,23]. Ligands were prepared by
downloading  structural data from  PubChem
(http://pubchem.ncbi.nlm.nih.gov), followed by energy
minimization using Open Babel within PyRx 0.0.8.
Protein structures were retrieved from the Protein Data
Bank (PDB; https://www.rcsb.org/), and water
molecules were removed using PYMOL software.
Docking simulations were performed using AutoDock
Vina integrated into PyRx, with grid box dimensions
optimized to target specific binding sites (Table 1).
The results highlighted the optimal binding poses for
each protein-ligand complex, providing valuable
insights into their potential therapeutic interactions
[15,24].
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Table 1 Coordinate grid and dimensions of PTP1B and DPP4 proteins for molecular docking.

Coordinate grid

Protein PDB ID Center Dimension
X Z X Y Z
PTP1B 5T19 1.9089 34.3353 9.7213 75.9735 90.5915 42.6386
DPP4 4A5S 13.5388 27.4365 36.1601 68.5861 27.4365 36.1601

In vivo analysis

Animals

The in vivo study was approved by the Animal
House, Universitas Sumatera Utara, under the ethical
committee approval number 0522/KEPH-
FMIPA/2019. Male Wistar rats weighing 150 - 200 g
were selected to evaluate the antidiabetic effects of
nanoherbal Biwa (E. japonica) leaves. The rats were
then divided into 5 groups: [C(—)], [C(1)], [T1], [T2],
and [T3]. All groups, except [C(-)], were induced with
alloxan at a dose of 120 mg/kg BW. The [C(-)] group
was administered physiological saline, while the other
groups received different treatments after diabetes
induction. [T1] was administered nanoherbal Biwa
leaves at 250 mg/kg BW, [T2] was administered
nanoherbal Biwa leaves at 500 mg/kg BW, and [T3]
was administered glibenclamide at 5 mg/kg BW.
Nanoherbal and glibenclamide treatments were
administered orally for 14 days, and blood glucose
levels were measured on days 1, 7, and 14. The results
were analyzed to assess the effectiveness of nanoherbal
Biwa leaves in reducing blood glucose levels in
diabetic rats.

Measurement of blood

Measurement of blood glucose levels in rats
(Rattus norvegicus) was performed using the
EasyTouch glucometer. The method of taking blood is
to clean the tips of the cotton tails that have been given
water so that the attached dirt disappears, then clean
again with 70 % alcohol. The base of the tail is pricked
with a small needle, the blood that comes out is then
touched on the glucometer strip. Blood glucose levels
will be read on the screen after 10 s and expressed in
mg/dL. Measurement of rat blood glucose level was
measured before treatment and 4 days after alloxan.

Analysis of decreased blood glucose levels

After treatment the percentage of decrease in
blood glucose in the group after being treated using the
following formula.

%d (Blood Glucose the first days - Blood Glucose the seventh days) 100%
= X
o decrease Blood Glucose the seventh days) ‘

%o (Blood Glucose Level the sevens days - Blood Glucose Level the fourteenth days) 100%
= X
o Qectease Blood Glucose Level the seventh days) !

Analysis of decreased blood glucose levels

Pancreas specimens were fixed in a buffered
formalin solution, washed under running water, and
subjected to a dehydration process using a graded
ethanol series (70, 80, 90 %, and absolute ethanol) for
5 min per concentration, followed by clearing in a
xylene-alcohol solution (ratios 3:1, 2:1, and 1:1) and
pure xylene for the same duration. The tissue was then
infiltrated with molten paraffin at a maintained
temperature of 56 - 58 °C for 2 h before being
embedded and sectioned into thin slices of 5 - 7 pm
thickness. These sections were floated in warm water
(56 - 58 °C) and carefully mounted on glass slides to
maintain structural integrity and prevent tissue folding.
For histological examination, hematoxylin and eosin
(H & E) staining was performed, beginning with
deparaffinization in xylene for 15 min, followed by
rehydration through a descending ethanol series (100,
90, 80, and 70 %) for 5 min at each step. The sections
were then stained with hematoxylin for 5 min, rinsed
under running water, counterstained with eosin, and
subjected to another dehydration cycle using 70, 80, 90
%, and absolute ethanol for 10 min per step. Finally,
the sections were cleared in xylene for 5 s, mounted
with coverslips, and examined under a light
microscope at 400x magnification to analyze

histopathological alterations.
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Analysis of data

Use SPSS software version 27 to run the ANOVA
test at the 5 % level, then move on to the post-hoc
Duncan test. If the data are not normally distributed
and/or the wvariance is not homogeneous, use the
Kruskal-Wallis test and then proceed to the Mann-
Whitney test. Graphing using GraphPad Prism Version
10.2.3 (403).

Results and discussion

Nanoherbal Biwa leaf size analysis

The PSA analysis showed that nanoparticles from
Biwa (E. japonica) leaves had a particle diameter of
563.1 nm (Figure 1). Based on these results, Biwa

their size falls within the 100 - 1000 nm range, which
has the potential to enhance bioavailability in
biological systems [25,26]. A smaller particle size
increases surface area, improving solubility, facilitating
diffusion, and accelerating the interaction of bioactive
compounds with target sites. The PBM process was
found to be effective in reducing particle size, resulting
in a more homogeneous nanoparticle formulation. The
reduction in particle size also plays an important role in
the pharmacokinetics of active compounds, potentially
improving absorption and distribution. However,
further research is required to evaluate the long-term
stability of the nanoparticle formulation, the release
profile of active compounds, and its overall biological

nanoparticles can be categorized as nanoparticles since effectiveness.
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Figure 1 Nanoparticle size analysis of Biwa (E. japonica) leaves using PSA.

LC-MS analysis of nanoherbal of Biwa leaf (E.
japonica)

In recent research conducted with LC-MS on
nanoherbal E. japonica leaves, the team successfully
identified 12 significant compounds, demonstrating
considerable variation in retention times indicative of
their diverse physicochemical properties (Table 2).
Quinic Acid, showing the shortest retention time at just
6.01 min, suggests its higher solubility or smaller
molecular size, which could be beneficial for rapid
absorption in therapeutic applications. Conversely,
Betulinic Acid, with the longest retention time at 32.4

min, likely has a more complex molecular structure or

stronger interactions with the analytical column,
suggesting  stability or sustained release in
pharmaceutical formulations.

Compounds such as Caffeic Acid and
Kaempferol, with retention times around 7.26 and 7.7
min, respectively, and others like Chrysin and Luteolin,
which exhibit longer retention times at 15.7 and 13.7
min, likely reflect their higher polarity or molecular
weight, influencing their bioavailability and efficacy.
Additional compounds including Oleanolic Acid,
Quercetin, Rutin, Epicatechin, and Eriodictyl, with

retention times ranging from 6.9 to 13.5 min, show a
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range of interactions with the analytical media, which
could inform their pharmacokinetic profiles.

This research substantiates the bioactive potential
of the compounds in nanoherbal E. japonica leaves,

therapeutic applicability [27]. The detailed retention
time profiles facilitate accurate identification and
quantification of these compounds and enhance

understanding of their biological actions, paving the

aligning with prior

studies that

highlight their

Table 2 Compounds of nanoherbal Biwa leaf (E. japonica).

way for optimized therapeutic formulations.

Molecular Retention time
No. Name Formula Smiles ID
weight (g/mol) (minute)

1 Quinic Acid C7H 1206 192.17 6.01 Cl[C@H](C([C@@H](CC1(C(=0)0) 6508
0)0)0)0

2 Caffeic Acid CoH3gO4 180.16 7.26 C1=CC(=C(C=C1/C=C/C(=0)0)0)O 689043

3 Chrysin Cy7H140 254.24 15.7 C1=CC=C(C=C1)C2=CC(=0)C3=C(C 5281607
=C(C=C302)0)0

4 Coumaric Acid CoHgOs 164.04 12.2 C1=CC(=CC=C1/C=C/C(=0)0)0O 637542

5 Luteolin Ci5H1006 286.24 13.7 C1=CC(=C(C=C1C2=CC(=0)C3=C(C 5280445
=C(C=C302)0)0)0)0O

6 Kaempferol Ci5H1006 286.23 7.7 C1=CC(=CC=C1C2=C(C(=0)C3=C(C 5280863
=C(C=C302)0)0)0)0O

7 Betulinic Acid C30Ha303 456.7 324 CCE=EO)[C@@H]ICCIC@2([C@H]1 64971
C@H]3CC[C@@H4[C@]5(CC[C@
@H](C([C@@H]5CCIC@M(C@@]3
(CC2)O)O)(C)O)O)O)C(=0)O

8 Oleanolic Acid C30H4s03 456.7 6.9 Cl[C@]12CC[C@@H](C([C@@H]1C 10494
CIC@@)3([C@@H]2CC=CA[C@]3(C
CIC@@]5([C@HACC(CC5)(CO)O)C(=
0)0)C)C)(C)O)O

9 Quercetin Ci5H1007 302.236 10.4 C1=CC(=C(C=C1C2=C(C(=0)C3=C( 5280343
C=C(C=C302)0)0)0)0)0

10 Rutin C27H30016 610.517 12.2 Cl[C@H[C@@H]([C@H([C@H]([ 5280805
C@@H](01)OC[C@@H]2[C@H]([C
@@H]([C@H]([C@@H](02)0C3=C(
0OC4=CC(=CC(=C4C3=0)0)0)C5=C
C(=C(C=C5)0)0)0)0)0)0)0)0

11 Epicatechin Ci5sH140¢ 290.26 13.5 CI[C@H]([C@H](0OC2=CC(=CC(=C2 72276
1)0)0)C3=CC(=C(C=C3)0)0)0O

12 Eriodictyl Ci5H1206 288.25 12.0 C1[C@H](0OC2=CC(=CC(=C2C1=0) 440735

0)0)C3=CC(=C(C=C3)0)0

In silico analysis of Biwa

Drug-likeness evaluation, and biological activity
prediction

Lipinski’s analysis and bioactivity prediction

demonstrates the great potential of the nanoherbal

compounds from Biwa leaf (E. japonica Thunb. Lindl.)
in diabetes therapy, despite some compounds violating
certain parameters. Lipinski’s analysis of the Biwa
nanoherbal compounds, as listed in Table 3, reveals

that several compounds violate specific drug-likeness
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criteria but still exhibit promising pharmacological
properties. Quinic Acid, Caffeic Acid, Chrysin, and
Coumaric Acid, although exceeding the limits on the
number of oxygen atoms and hydroxyl groups, retain
significant pharmaceutical potential, particularly in
inhibiting enzymes related to glucose metabolism and
exerting antioxidant effects [28]. Betulinic Acid and
Oleanolic Acid, despite surpassing the lipophilicity
threshold (MlogP), are widely utilized in medicine due
to their pronounced anti-inflammatory properties,
which play a crucial role in alleviating pancreatic

inflammation linked to diabetes [29]. Quercetin, which
presents similar violations, remains an essential
compound in drug formulations due to its well-
established pharmacological benefits. While Rutin
violates multiple parameters, it demonstrates
noteworthy  bioactivity in various therapeutic
applications. Furthermore, Epicatechin and Eriodictyl
exhibit minor deviations but largely comply with
Lipinski’s Ro5, reinforcing their potential in diabetes

treatment.

Table 3 Evaluation of nanoherbal Biwa leaf (E. japonica Thunb. Lindl.) compounds based on Lipinski’s Ro5.

No. Compound name Lipinsid Violasi
MW MlogP <4.15 NorO<10 NHorOH<S
1 Quinic Acid 192.17 -2.14 6 5 Yes (0)
2 Caffeic Acid 180.16 0.7 4 3 Yes (0)
3 Chrysin 254.24 1.08 4 2 Yes (0)
4 Coumaric Acid 164.16 1.28 3 2 Yes (0)
5 Luteolin 286.24 —-0.03 6 4 Yes (0)
6 Kaempferol 286.24 -0.03 6 4 Yes (0)
7 Betulinic Acid 456.7 5.82 3 2 Yes (1)
8 Oleanolic Acid 456.7 5.82 3 2 Yes (1)
9 Quercetin 302.24 -0.56 7 5 Yes (0)
10 Rutin 610.52 -3.89 16 10 No (3)
11 Epicatechin 290.27 0.24 6 Yes (0)
12 Eriodictyl 288.25 0.16 6 4 Yes (0)

Bioactivity prediction analysis using the PASS

Online tool (as shown in Table 4) provides further
insights into the mechanisms by which these
compounds contribute to diabetes therapy. Key
compounds such as Quinic Acid, Caffeic Acid,
Luteolin, Kaempferol, Betulinic Acid, and Oleanolic
Acid exhibit strong activity in modulating diabetes-
related pathways, particularly in enhancing insulin
secretion, regulating glucose metabolism and exerting
anti-inflammatory effects [30-32]. For instance, Quinic
Acid demonstrates high insulin-promoting activity
alongside potent antioxidant properties. Caffeic Acid
functions as a glucose oxidase inhibitor, potentially
aiding blood glucose regulation. Luteolin not only
promotes insulin secretion but also exerts anti-

inflammatory and antioxidative effects. Kaempferol

plays a significant role in stimulating insulin release
while acting as a robust antioxidant. Betulinic Acid
primarily  reduces  diabetes-induced  pancreatic
inflammation, while Oleanolic Acid exhibits potent
anti-inflammatory effects that could mitigate insulin
resistance. Moreover, the active compounds in Biwa
leaf nanoherbal predominantly belong to the flavonoid
and triterpenoid classes, which are well-documented
for their roles in diabetes therapy. Flavonoids such as
Luteolin, Kaempferol, and Quercetin exhibit potent
antioxidant and anti-inflammatory properties and
enhance insulin secretion. Meanwhile, triterpenoids,
Betulinic Acid, and Oleanolic Acid are crucial in
reducing pancreatic inflammation and improving
insulin sensitivity, making them promising candidates

for novel diabetes therapeutics [33].
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Table 4 Biological activities and criteria of herbal compounds and nanoherbal Biwa leaf.

No. Compound name Biological activity Pa Criteria

1 Quinic Acid Sugar-phosphatase inhibitor 0.936 Very High
Glucan endo-1,6-beta-glucosidase inhibitor 0.916 Very High
Endo-1,3(4)-beta-glucanase inhibitor 0.840 Very High
Antioxidant 0.830 Very High
Glucose oxidase inhibitor 0.832 Very High
Insulin promoter 0.569 High

2 Caffeic acid HIF1A expression inhibitor 0.841 Very High
Sugar-phosphatase inhibitor 0.776 Very High
Glucose oxidase inhibitor 0.761 Very High
Glucan endo-1,6-beta-glucosidase inhibitor 0.728 Very High
Antioxidant 0.603 High
Insulin promoter 0.469 Low

3 Chrysin HIF1A expression inhibitor 0.962 Very High
Glucan endo-1,6-beta-glucosidase inhibitor 0.734 Very High
Inhibitor Insulysin 0.732 Very High
Antioxidant 0.708 Very High
Sugar-phosphatase inhibitor 0.706 Very High

4 Coumaric Acid  Antimutagenic 0.886 Very High
HIF1A expression inhibitor 0.816 Very High
Sugar-phosphatase inhibitor 0.800 Very High
Insulysin inhibitor 0.755 Very High
Antioxidant 0.553 Low

5 Luteolin HIF1A expression inhibitor 0.964 Very High
Antimutagenic 0.940 Very High
Antioxidant 0.775 Very High
Insulysin inhibitor 0,745 Very High
Glucan endo-1,6-beta-glucosidase inhibitor 0.672 High
Sugar-phosphatase inhibitor 0.640 High
Antidiabetic 0.540 Low

6 Kaempferol HIF1A expression inhibitor 0.969 Very High
Antimutagenic 0.948 Very High
Antioxidant 0.856 Very High
Sugar-phosphatase inhibitor 0.640 High
Insulysin inhibitor 0.615 High
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No. Compound name Biological activity Pa Criteria
7 Betulinic Acid Insulin promoter 0.805 Very High
Antiinflammatory 0.741 Very High
Glucan endo-1,3-beta-D-glucosidase inhibitor 0.636 High
Sugar-phosphatase inhibitor 0.397 Low
8 Oleanolic Acid Antiinflammatory 0.819 Very High
Glucan endo-1,3-beta-D-glucosidase inhibitor 0.565 High
Antidiabetic 0.465 Low
Sugar-phosphatase inhibitor 0.453 Low
Antioxidant 0.361 Low
9 Quercetin HIF1A expression inhibitor 0.969 Very High
Antimutagenic 0.940 Very High
Antioxidant 0.872 Very High
Insulysin inhibitor 0.645 High
Glucan endo-1,6-beta-glucosidase inhibitor 0.577 High
Sugar-phosphatase inhibitor 0.566 High
10 Rutin Antioxidant 0.923 Very High
HIF1A expression inhibitor 0.842 Very High
Antiinflammatory 0.728 Very High
Sugar-phosphatase inhibitor 0.676 Very High
Antidiabetic 0.528 High
11 Epicatechin HIF1A expression inhibitor 0.883 Very High
Antioxidant 0.810 Very High
Sugar-phosphatase inhibitor 0.603 High
Antiinflammatory 0.548 High
Antidiabetic 0.355 Low
12 Eriodictyl HIF1A expression inhibitor 0.920 Very High
Antimutagenic 0.883 Very High
Antioxidant 0.817 Very High
Sugar-phosphatase inhibitor 0.508 High

ADMET and toxicity prediction
ADMET

Distribution, Metabolism, Excretion, and Toxicity) was

The analysis of (Absorption,
considered essential in evaluating the efficacy and
safety of nanoherbal Biwa as an antidiabetic agent.

Parameters such as intestinal absorption, Caco-2

permeability, and water solubility were assessed to
determine how well the nanoherbal formulation was
absorbed and distributed in the body, while BBB
permeability was analyzed to indicate whether the
compounds could cross the blood-brain barrier for
effects. Additionally,

potential neurological
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interactions with metabolic enzymes such as CYP2D6
substrates and inhibitors and OCT2 substrates were
evaluated, as they influenced drug metabolism and
excretion, potentially affecting efficacy and the risk of
drug interactions in diabetes therapy [34,35]. The
ADMET analysis in Table 5 highlights significant
variations in parameters such as intestinal absorption,
(BBB) permeability, Caco-2
permeability, and water solubility among the tested

blood-brain barrier

compounds. High intestinal absorption (>70 %) was
observed for chrysin (93.761 %), Coumaric Acid
(93.494 %), and Betulinic Acid (99.763 %), indicating
good potential for oral bioavailability. Conversely,
Quinic Acid (32.274 %) and rutin (23.446 %) exhibited
low absorption levels, which may hinder their
therapeutic application via oral administration without
Caco-2
representing a compound’s ability to cross intestinal

specialized  formulations. permeability,

However, quercetin  (-2.925)

permeability, potentially limiting its absorption through

displayed  low

the intestine. Regarding BBB permeability, most
compounds exhibited negative values, such as Quinic
Acid (-0.894) and Luteolin (-0.907), indicating a
restricted capacity to traverse the blood-brain barrier.
Nonetheless, caffeic acid (69.407) demonstrated high
permeability into the central nervous system, making it
a promising candidate for brain-related therapies. None
of the compounds were identified as substrates or
inhibitors of the CYP2D6 enzyme, suggesting a low
risk of drug-drug interactions involving this metabolic
pathway. Additionally, most compounds were not
substrates for the OCT2 transporter, supporting their
potential for systemic distribution. In terms of water
solubility, Quinic Acid (-1.119) exhibited relatively
(-3.538) and
Kaempferol (-3.04) had low solubility values, which

high solubility, whereas chrysin

epithelial membranes, showed high values for could impact their absorption process, necessitating
Betulinic Acid (1.175) and Oleanolic Acid (1.168), specialized formulations to enhance solubility.
supporting their potential for systemic absorption.
Table 5 ADMET prediction of the compound from nanoherbal Biwa leaf.
No. Compounds Intestinal absorption Caco2 BBB CYP2D6 CYP2D6 0OCT2 Water
name (human) permeability permeability substrate inhibitor substrate solubility
1 Quinic Acid 32.274 —0.258 —0.894 No No No -1.119
2 Caffeic Acid 69.407 0.634 69.407 No No No -2.33
3 Chrysin 93.761 0.945 0.047 No No No -3.538
4 Coumaric Acid 93.494 1.21 -0.225 No No No —2.378
5 Luteolin 81.13 0.096 -0.907 No No No -3.094
6 Kaempferol 74.29 0.032 -0.939 No No No -3.04
7 Betulinic Acid 99.763 1.175 -0.322 No No No -3.122
8 Oleanolic Acid 99.558 1.168 -0.143 No No No -3.261
9 Quercetin 77.207 -2.925 —1.098 No No No -2.925
10 Rutin 23.446 —0.949 —-1.899 No No No —2.892
11 Epicatechin 68.829 -0.283 —-1.054 No No No -3.117
12 Eriodictyl 74.687 —-0.094 -0.827 No No No -3.253
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Table 6 Toxicity prediction of nanoherbal Biwa leaf compounds.

No. Compounds Predicted LDso Predicted Average Prediction
name (mg/kg) toxicity class similarity (%)  accuracy (%)
1 Quinic Acid 9800 6 (Non-toxic) 89.29 70.97
2 Caffeic Acid 2980 5 88.59 70.97
3 Chrysin 3919 5 82.19 70.97
4 Coumaric Acid 2850 5 100 100
5 Luteolin 3919 5 80.53 70.97
6 Kaempferol 3919 5 80.53 70.97
7 Betulinic Acid 2610 5 77.12 69.26
8 Oleanolic Acid 2000 4 100 100
9 Quercetin 159 3 100 100
10 Rutin 5000 5 100 100
11 Epicatechin 10000 6 100 100
12 Eriodictyl 2000 4 79.17 69.26

The analysis conducted in this study presents the
rat oral acute toxicity (LDso) values in mg/kg, predicted
toxicity classes (I - VI), and prediction accuracy
percentages for various compounds, as shown in Table
6. Based on the classification, Class I is defined as fatal
toxicity if swallowed (LDso < 5), Class 11 is categorized
as fatal toxicity (5 < LDsg < 50), Class III is described
as toxic if ingested (50 < LDso < 300), Class IV is
considered harmful if swallowed (300 < LDso < 2000),
Class V is classified as potentially harmful if
swallowed (2000 < LDso < 5000), and Class VI is
regarded as non-toxic (LDsy > 5000) [36]. The findings
indicate that Quinic Acid and Epicatechin exhibit the
most favorable pharmacokinetic and toxicity profiles,
positioning them as potential candidates for diabetes
treatment. Both compounds are classified under Class
VI, indicating very low toxicity. Conversely, quercetin
is classified under Class III (50 < LDso < 300),
signifying high toxicity, which may limit its clinical
application. Furthermore, most other compounds,

including caffeic acid, Luteolin, and Kaempferol, are
categorized under Class IV and V, indicating moderate
to low toxicity. Compounds with high average
similarity and prediction accuracy, such as Coumaric
Acid and Rutin, are considered more reliable for
further development. The heatmap shown in Figure 2
illustrates the predicted organ toxicity, where values
approaching —0.5 indicate active toxic effects. The
results demonstrate that quercetin exhibits high
toxicity, particularly in terms of hepatotoxicity and
cardiotoxicity, whereas Betulinic Acid and Oleanolic
Acid are shown to induce moderate nephrotoxicity and
hepatotoxicity. In contrast, Quinic Acid, Epicatechin,
and Rutin exhibit low or no toxicity across different
organs, making them safer options. Additionally,
chrysin and Kaempferol are found to cause mild
hepatotoxicity and nephrotoxicity, while eriodictyol is
predicted to exhibit potential neurotoxicity but remains
relatively safe for other organs.
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Figure 2 Headmap organ toxicity of components in nanoherbal from Biwa leaves.

In diabetes therapy, Quinic Acid is particularly
promising due to its high solubility, low toxicity, and
well-documented anti-inflammatory and antioxidant
properties, which contribute to protecting pancreatic
tissue from oxidative stress, a key mechanism in the
pathogenesis of diabetes [37]. Similarly, Epicatechin,
which is also safe and exhibits reasonable
bioavailability, has been reported to enhance insulin
sensitivity and reduce insulin resistance through the
modulation of oxidative stress and inflammation [38].
This compound also offers protection to B-pancreatic
cells, supporting glycemic control. Conversely,
compounds such as quercetin, despite their anti-
diabetic activity through o-glucosidase inhibition and
protective effects on the pancreas, exhibit high organ
toxicity, limiting their therapeutic application.
Nanotechnology-based formulations may provide a
viable solution to improve the safety and efficacy of
such compounds.

Additionally, caffeic acid, which demonstrates
high BBB permeability, shows potential in addressing
diabetes-related neurological complications such as

diabetic neuropathy through its antioxidant and anti-

inflammatory mechanisms [39]. In conclusion, Quinic
Acid and Epicatechin are promising candidates for
diabetes therapy due to their favorable safety profiles
and biological activities supporting glycemic
regulation. However, specialized formulations, such as
quercetin, are essential for compounds with
pharmacokinetic or toxicological limitations to

optimize their clinical potential.

PerMM prediction

This study evaluated the passive permeability
potential of 11 phytochemicals identified through LC-
MS analysis of Biwa (E. japonica) leaf nanoherbal
compounds using the PerMM method. PerMM is a web
server that predicts membrane partitioning and
translocation of small molecules based on free energy
calculations [40]. This analysis is essential for
determining whether a compound crosses membrane
passively or requires specific transport mechanisms
[41]. As illustrated in Figure 3, the energy profiles of
the analyzed compounds exhibited distinct interaction
patterns with lipid membranes, influencing their

pharmacokinetic potential.
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Figure 3 The PerMM analysis identified 11 compounds: (a) Quinic Acid, (b) Caffeic Acid, (c) Chrysin, (d) Coumaric
Acid, (e) Luteolin, (f) Kaempferol, (g) Betulinic Acid, (h) Oleanolic Acid, (i) Quercetin, (j) Epicatechin, and (k)

Eriodictyl.

To further examine permeability trends, individual compound energy profiles were analyzed. Assessing the

membrane permeability of Biwa (E. japonica)
leaf nanoherbal compounds is essential for optimizing
their pharmacokinetic properties in diabetes therapy.
Enhanced
bioavailability, promoting glucose homeostasis, insulin

permeability facilitates improved
signaling modulation, and anti-inflammatory activity.
PerMM provides valuable insights into the interaction
of these nanoherbal compounds with lipid membranes,
enabling predictions regarding their cellular uptake and
pharmacological efficacy.

Quinic Acid exhibited moderate permeability,
with maximum stability at —1.62 kcal/mol at Z = +22 A
and the highest resistance at Z = 0 A. Caffeic Acid
demonstrated low permeability, peaking at -1.7
kcal/mol at Z = +17 A, while Chrysin exhibited
enhanced membrane penetration efficiency, stabilizing
at —3.61 kcal/mol at Z = +16 A. Coumaric Acid
required additional energy to traverse hydrophobic
regions, with a peak of +3.54 kcal/mol at Z=4 A and a
minimum of —2.02 kcal/mol at Z = +17 A. Luteolin
encountered substantial energy barriers within the
hydrophobic membrane core, with a minimum energy
of —2.21 kcal/mol at Z = +16 A. In contrast,

Kaempferol exhibited strong surface interactions,
similar to Luteolin, with a minimum energy of —2.04
kcal/mol at Z = +17 A. Betulinic Acid and Oleanolic
Acid demonstrated high stability and efficient
membrane traversal, with Betulinic Acid reaching —
6.27 kcal/mol at Z = +16 A and Oleanolic Acid
maintaining consistently negative energy values.
Compounds with low energy transfer values can
passively permeate membranes, reducing the need for
specialized drug delivery systems such as liposomes or
nanoparticles [42].

Most compounds exhibited stability at the
membrane’s peripheral regions (Z = £16 to +22 A),
with Betulinic Acid and Oleanolic Acid displaying the
highest permeability. In contrast, Caffeine Acid and
Luteolin faced significant energy barriers. Eriodictyol
demonstrated a flat energy profile, suggesting
computational limitations due to incomplete molecular
data. These findings reinforce the importance of free
energy calculations in predicting molecular transport
across lipid bilayers, which is critical for developing
nanoherbal therapeutics for diabetes management.
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Molecular docking and visualization of
interactions with PTP1B and DPP4

This comprehensive study explores the
antidiabetic potential of natural compounds extracted
from the nanoherbal leaves of Biwa (E. japonica),
emphasizing their role in inhibiting key therapeutic
targets, specifically PTP1B and DPP4. These enzymes
are instrumental in regulating blood glucose levels and
enhancing insulin sensitivity, which are pivotal factors
in diabetes management. The study focuses on
flavonoids such as Luteolin and quercetin, as well as

terpenoids like Oleanolic Acid, which are known for
their effectiveness in improving insulin sensitivity and
reducing blood glucose levels by targeting these
enzymes. Notably, Luteolin and quercetin enhance
insulin sensitivity by binding to critical residues within
PTP1B’s active site, corroborating the molecular
interactions detailed in this research [43]. Additionally,
research by Zhao et al. [44] highlights Oleanolic
Acid’s capability to significantly decrease insulin

resistance in type 2 diabetes models.

Table 7 Interaction of nanoherbal leaf E. japonica with PTP1B and binding affinity.

Interaction with PTP1B

no- Ligan e horoom  Hydrphobie  Elektrostatstic 5
1 Control THR A: 154 VAL A: 113 -7
(Glibenclamide) THR A: 177 LEU A: 119
ILE A: 149
2 Quinic Acid HIS A: 60 -7.7
THR A: 138
ASN A: 139
ASN A: 162
THR A: 164
3 Caffeic acid PHE A: 182 ALA A: 217 GLN A: 266 -6.3
ARG A: 221
4 Chrysin TYR A: 46 -7.4
VAL A: 49
ALA A: 217
5 Coumaric Acid ARG A: 221 TYR A: 46 ALA A: 217 —6.1
PHE A: 182
6 Luteolin CYS A: 215 TYR A: 46 SER A: 216 -7.6
ARG A: 211 ALA A: 217
7 Kaempferol ARG A: 211 TYR A: 46 -7.2
PHE A: 182
ALA A: 217
8 Betulinic Acid CYS A: 92 MET A: 133 -7.3
GLY A: 93
9 Oleanolic Acid TYR A: 164 HIS A: 60 =72
TRP A: 100
10 Quercetin TYR A: 46 VAL A: 49 ALA A: 217 -7.1
GLU A: 115 PHE A: 182
ARG A: 221
11 Epicatechin PHE A: 182 TYR A: 46 -7.5
ARG A: 221 VAL A: 49
ALA A: 217
12 Eriodictyl PHE A: 182 ARG A: 221 -7.5

ALA A: 217
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Table 8 Interaction of nanoherbal leaf Eriobotrya japonica with DPP4 and binding affinity.
Interaction with DPP4
No. Ligand Conventional Carbon Binding affinity
Hydrophobic Elektrostatistic
hydrogen bond hydrogen
1 Control ARG A: 125 - TRP A: 629 - -9.5
(Glibenclamide) GLU A: 205 TYR A: 547
GLU A: 206
SER A: 630
TYR A: 662
ASN A: 710
2 Quinic Acid TYR A: 585 GLY A: 424 - - —6.1
ASN A: 420
THR A: 401
TYR A: 381
GLN A: 586
3 Caffeic acid ASN A: 562 PHE A: 559  PHE A: 559 ASN A: 562 -6.7
PRO A: 475 LYS A: 512 PRO A: 475
4 Chrysin THR A: 565 ARG A: 560 ILE A:529 ARG A: 560 -8.6
VAL A: 558 LYS A: 512 LYS A: 512
PRO A: 510
PHE A: 559
5 Coumaric Acid  ASP A: 302 - PHE A: 208 - =59
CYS A: 301
ARG A: 358
SER A: 212
6 Luteolin ARG A: 382 - VAL A:354  GLY A:355 -9.1
TRP A: 353
SER A: 376
THR A: 350
7 Kaempferol ARG A: 669 TYR A: 666  PHE A: 357 GLU A: 205 -8.3
GLU A: 209 ALA A:217  GLU A: 206
SER A: 209 ARG A: 125
8 Betulinic Acid  ASP A: 709 - LYS A: 122 - -8.7
PHE A: 240
ALA A: 707
9 Oleanolic Acid ALA A: 707 - TRP A: 124 - -9.2
VAL A: 252
LYS A: 122
PHE A: 240
10 Quercetin THR A: 565 - PRO A: 510 ARG A: 560 9.0
ARG A: 560 ILE A: 529 ASN A: 562
LYS A: 512 LYS A: 512
ALA A: 564

ARG A: 560
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Interaction with DPP4
No. Ligand Conventional Carbon Binding affinity
Hydrophobic Elektrostatistic
hydrogen bond hydrogen

11 Epicatechin TYR A: 631 SER A: 630 TYR A: 666 TYR A: 631 -8.2
ARG A: 669 ARG A: 125
GLU A: 206
GLU A: 205

12 Eriodictyl THR A: 351 SER A: 376 VAL A: 354 ARG A: 382 -8.6
THR A: 350
TRP A: 353
GLY A: 355

Molecular docking was utilized to assess the
binding affinities and interactions between E. japonica
both PTPIB DPP4.
Glibenclamide, an established antidiabetic drug, served

compounds  and and
as a positive control, exhibiting a binding affinity of —
7.0 kcal/mol as shown in Table 7. Among the herbal
compounds, Quinic Acid displayed the highest affinity
for PTP1B at —7.7 kcal/mol, signaling strong inhibitory
potential, as detailed in Table 8. In terms of DPP4
inhibition, compounds such as Luteolin and quercetin

demonstrated high binding affinities comparable to

those of glibenclamide, thereby potentially enhancing
insulin secretion and glycemic control. Research by
Shaikh et al. [16] revealed that Oleanolic Acid can
inhibitor DPP4, increase GLP-1 levels, and reduce
blood glucose levels in diabetes models, supporting the
findings of this study regarding the potential of
Oleanolic Acid as a DPP4 inhibitor. Figures 4 and 5
illustrate the molecular docking configurations and
binding modes of these compounds with PTP1B and
DPP4, further validating their potential interactions.

Quinic acid

e

[on]

Oleanolic acid

L]

Lutcolin

B
Betulinic acid

() ~
Quercetin
<L

Eriodictyl.

o)
%

2%
&
—‘7—/
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Figure 4 3D Interaction of nanoherbal leaf Eriobotrya japonica with PTP1B.
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Figure 5 2D Interaction of Biwa (E. japonica) leaf nanoherbal with DPP4.

The therapeutic potential of Biwa leaf nanoherbal
in diabetes treatment has been confirmed. By
simultaneously targeting PTP1B and DPP4, this
nanoherbal can significantly enhance insulin sensitivity
and contribute to more effective blood glucose
regulation, particularly by facilitating a significant
reduction in blood glucose levels and improving
pancreatic histology. Based on in silico results, the
inhibition of PTP1B and DPP4 by active metabolite
compounds is likely to modulate downstream signaling
pathways, such as enhancing insulin receptor signaling
and preserving incretin activity [45]. The inhibition of
PTP1B has been associated with increased insulin
receptor phosphorylation, leading to enhanced glucose
uptake via the PI3K/AKT pathway [45,46].
Meanwhile, the inhibition of DPP4 extends the activity
of incretin hormones such as GLP-1, which stimulates
insulin secretion and suppresses glucagon release,
thereby contributing to better glycemic control [47,48].
Taken together, these mechanisms strongly support the
potential of Biwa nanoherbal in the development of
more effective and safer herbal diabetes therapies.

Future research should focus on confirming these

molecular interactions through additional in vifro and

in vivo experiments, and further examining the
pharmacokinetics, bioavailability, and potential
toxicological effects of these herbal compounds. Such
investigations are vital to advance these herbal extracts
towards clinical application, paving the way for new,
effective treatments for diabetes. This integrated
approach will be crucial in establishing Biwa (E.
Jjaponica) leaf nanoherbals as a viable option for
enhancing pancreatic B-cell function and managing
diabetes, promising a significant advancement in

herbal medicine for chronic disease management.

In vivo analysis

Blood glucose levels

The elevated blood glucose levels observed in
rats following alloxan administration can be attributed
to the damage caused by alloxan to the pancreatic beta
cells. Alloxan, a toxic glucose analogue, generates
reactive oxygen species (ROS) during redox cycles,
specifically targeting and destroying beta cells, leading
to a decline in insulin production and a subsequent rise
in blood glucose levels. This method of inducing
diabetes has been widely used in animal models, with
studies consistently demonstrating its ability to elevate
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blood glucose levels in rats and mice [49,50]. In the positive control group (C(+)), rising from 95.83 mg/dL
current study, alloxan administration led to a before injection to 267.00 mg/dL after injection, as
substantial increase in blood glucose levels in the recorded in Table 9.

Table 9 Blood glucose before and after administration of alloxan.

Blood glucose (mg/dL) + SD

No. Groups
Before After
1 C(-) 99.178 £ 11.33 94.00*+ 11.77
2 C(+) 95.83*+10.45 267.00%® +39.15
3 T1 103.83°+10.62 306.60% £ 39.61
4 T2 95.67*+12.43 277.80° + 45.04
5 T3 98.17°+£11.74 290.40° + 37.64

Note: *®p < 0.05, notation (**) between columns. (C(-): Negative control, C(+): Diabetic control, T1: Biwa leaf
nanoherbal 250 mg/kg BW, T2: Biwa leaf nanoherbal 500 mg/kg BW, T3: Glibenclamide 5 mg/kg BW).

Table 10 Blood glucose level of rats after administration of nanoherbal Biwa.

Blood glucose level (mg/dL) = SD

No. Groups
1 day 7 days 14 days
1 C(H) 94.00*+ 11.77 101.60* + 11.41 99.80* +9.83
2 C(+) 267.00%f+39.15 255.80%% +42.92 253.60%¢ + 30.44
3 T1 306.607 = 39.61 280.20%" + 22.06 254.60%° £ 23.07
4 T2 277.80% + 45.04 239.60% + 35.81 157.40° +20.38
5 T3 290.40°" + 37.64 263.60% + 33.33 221.40°+23.68

Note: “*p < 0.05, notation (**) between rows and columns. (C(-): Negative control, C(+): Diabetic control, T1: Biwa
leaf nanoherbal 250 mg/kg BW, T2: Biwa leaf nanoherbal 500 mg/kg BW, T3: Glibenclamide 5 mg/kg BW).

Table 11 Decreasing (percentage) of blood glucose level.

Decreased of blood glucose level (%)

No Groups
7 days 14 days
1 CH) -8.09 1.77
2 C(H) 4.19 0.86
3 T1 8.61 9.14
4 T2 13.75 3431
5 T3 9.23 16.01
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Figure 6 Blood glucose level of rats that were administered nanoherbal biwa (E. japonica). Description: (C(—):
Negative control, C(+): Diabetic control, T1: Biwa leaf nanoherbal 250 mg/kg BW, T2: Biwa leaf nanoherbal 500

mg/kg BW, T3: Glibenclamide 5 mg/kg BW).

In contrast, treatment with nanoherbal E.
Jjaponica significantly reduced blood glucose levels,
particularly notable after 7 and 14 days of
administration. The results, detailed in Tables 10 and
11, show a marked decrease in the T2 group, where
blood glucose levels dropped from 277.80 mg/dL on
day 1 to 157.40 mg/dL by day 14. This effect can be
attributed to the antioxidant properties of E. japonica
leaves, which are rich in flavonoids and help alleviate
oxidative stress induced by alloxan. Flavonoids possess
potent antioxidant activities that protect pancreatic beta
cells from oxidative damage, improving insulin
secretion and lowering blood glucose levels. The
antioxidant capacity of E. japonica is reflected in its
IC50 value of 56.59 ng/mL, strong yet surpassed by
quercetin’s IC50 of 4.36 pg/mL, as reported by Satria
et al. [51]. Figure 6 and Table 11 illustrate the
effectiveness of this treatment in reducing blood
glucose levels over time, highlighting the therapeutic
potential of E. japonica in addressing diabetes caused
by oxidative stress. The substantial reduction in blood

Table 12 Average area of islets of Langerhans.

glucose levels (55.47 %) in the T2 group by the 14™
day of treatment underscores the potential of this
nanoherbal approach in managing diabetes.

Pancreas histology analysis

The study results demonstrate the regenerative
effects of administering E. japonica leaf nanoherbal at
500 mg/kgBW on the pancreatic islets of Langerhans,
which have been damaged due to DM. Table 12 and
Figure 7 show that the normal control group exhibited
the largest average islet area (1192.60 pm?),
representing typical pancreatic conditions without
diabetes induction or treatment. In contrast, the control
group subjected only to alloxan induction, without
nanoherbal administration, showed the smallest
average islet area (610.80 um?). This indicates the most
severe damage, oxidative stress, and necrosis from
alloxan exposure. These histological images display
significantly smaller islets with irregular shapes and

cytoplasmic vacuolization.

No. Groups Mean (um?) + SD
1 CH) 1192.60° £ 99.30
2 C(H) 610.80* + 146.50
3 T1 551.60* £97.18
4 T2 1054.80° + 88.57
5 T3 869.60° + 95.43
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BW, T2: Biwa leaf nanoherbal 500 mg/kg BW, T3: Glibenclamide 5 mg/kg BW). L: Langerhans islets (400x).

The treatment group receiving E. japonica leaf
nanoherbal at a dose of 500 mg/kg BW (T2) exhibited
significant histological improvements compared to the
group receiving a dose of 250 mg/kg BW (T1). The
islets of Langerhans in the T2 group appeared larger
and more organized, indicating that this dose was
optimally  protective and regenerative. These
therapeutic effects were supported by a study by
Khouya et al. [52], which highlighted that the bioactive
compounds in E. japonica, such as flavonoids,
alkaloids, tannins, and polyphenols, were capable of
reducing oxidative stress. The enhanced therapeutic
effects observed at the 500 mg/kg BW dose suggested
that higher doses might improve the bioavailability of
active compounds, leading to stronger protective and
regenerative outcomes. Additionally, the T3 group,
which received glibenclamide as a drug control at a
dose of 5 mg/kg BW, also exhibited significant
improvements in pancreatic histology. The islets of
Langerhans in the T3 group were found to have
increased in size and were more structurally organized
compared to the positive control group. This effect was
consistent with the mechanism of action of
glibenclamide as a hypoglycemic drug that enhances
insulin secretion from pancreatic B-cells, thereby
contributing to better blood glucose regulation.

However, the positive control group still
exhibited alloxan-induced damage, with smaller and

irregularly shaped islets indicative of oxidative damage

[53]. This finding aligns with reports that oxidative
stress and reduced antioxidant defenses lead to
impaired islet function. Further research is needed to
explore the molecular mechanisms involved, including
the interaction of active compounds with antioxidant
systems, such as the modulation of antioxidant
pathways (e.g., Nrf2) and cell survival pathways (e.g.,
PI3K/Akt). These investigations are essential to ensure
long-term efficacy and assess the safety and potential
toxicity of higher doses for long-term use. Future
studies should focus on long-term in vivo experiments
and clinical trials to further confirm the efficacy and
safety of this nanoherbal formulation for clinical
applications. These results underline the potential of E.
Jjaponica nanoherbal as a complementary therapy for
diabetes, particularly in regenerating pancreatic islets
and preserving islet function.

Conclusions

This study confirms the potential of Biwa (E.
Jjaponica) leaf nanoherbal as an antidiabetic therapy
through both in silico and in vivo approaches.
Molecular docking analysis demonstrated that
bioactive compounds, including Quinic Acid, Luteolin,
Oleanolic Acid, and quercetin, exhibit strong binding
affinities to PTP1B and DPP4, suggesting their role in
glucose metabolism regulation. /n vivo experiments
further validated its efficacy, as a significant reduction
in blood glucose levels was observed following the
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administration of a 500 mg/kgBW dose, with levels
decreasing from 277.8 to 157.4 mg/dL on day 14 (p <
0.05). Additionally, histological analysis showed that
the structure of the islets of Langerhans was improved,
with a larger islet area and better-defined cellular
morphology compared to the diabetic group. This
treatment demonstrated positive glucose control
outcome and potential to mitigate pancreatic damage.
In conclusion, this study provides compelling evidence
that E. japonica leaf nanoherbal extract possesses both
high theoretical potential and significant practical

effects in diabetes management.
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