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Abstract

A total of 21 different bioactives were identified from F. benghalensis in which 3 molecules, i.e., apigenin, 3',4',5,7-tet-
rahydroxy-3-methoxyflavone, and kaempferol were predicted to target the highest number of proteins involved in diabetic
pathogenesis in which protein tyrosine phosphatase 1b was primarily targeted. Similarly, a docking study identified ursolic
acid to have the highest binding affinity with protein tyrosine phosphatase 1b. The combined synergic network analysis
identified PI3K/Akt signaling pathway to be primarily modulated followed by the calcium signaling pathway. Similarly, in
oral glucose tolerance test, we observed the efficacy of hydroalcoholic extract of F. benghalensis to lower the total area under
the curve of glucose and increase total area under curve of insulin for 2 hours. Likewise, hydroalcoholic extract reversed the
altered homeostatic hepatic enzymes after 28 days of treatments. Similarly, the extract also enhanced the antioxidant enzymes
level like catalase and superoxide dismutase in liver homogenate. In summary, hydroalcoholic extract of F. benghalensis
bark may act as an antidiabetic agent by enhancing the glycolysis, decreasing gluconeogenesis, promoting glucose uptake,
enhancing insulin secretion, and maintaining pancreatic B-cell mass via PI3K/Akt signaling pathway and downregulating

the function of protein tyrosine phosphatase 1b.
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Introduction

Diabetes mellitus (DM) is a complex polygenic metabolic
disorder characterized by elevated fasting blood glucose
level due to impaired insulin function, resistance, defi-
ciency, or a combination of all (Ali 2013); contributed by
multiple factors like age, obesity, pregnancy, and genetic
factors (Wu et al. 2014). Although the malfunctioning of
multiple signalling pathways (PPAR, P13K, and Wnt) and
dysregulated proteins are concerned with diabetic pathogen-
esis and its progression (Herman and Zimmet 2012; Karter
et al. 2013; Maruthur 2013), most of the prescriptions for
Type 2 DM in the current pharmacotherapy utilizes vari-
ous synthetic oral hypoglycaemic agents (are single target)

P4 Pukar Khanal
pukarkhanal58 @ gmail.com

B. M. Patil
drbmpatil @klepharm.edu; bmpatil59 @hotmail.com

Department of Pharmacology and Toxicology, KLE College
of Pharmacy Belagavi, KLE Academy of Higher Education
and Research (KAHER), Belagavi 590010, India

like insulin sensitizers, peroxisome proliferator-activated
receptor (PPAR) agonists, thiazolidinediones, sulfonylureas,
and a-glucosidase inhibitors; associated with multiple side
effects including dizziness, syncope, vomiting, fatigue, and
orthostatic hypotension (Chaudhury et al. 2017; Kerru et al.
2018). Hence, it is important to identify a new antidiabetic
agent that could target multiple proteins involved in pro-
gressing diabetic pathogenesis with minimum side effects;
this can be achieved via the utilization of traditional folk
medicines. Further, World Health Organization also sug-
gests identifying new antidiabetic agents from the traditional
medicine system (WHO 1965). In addition, diabetes is a
polygenic condition (Ali 2013); thus, the treatment approach
should include multiple compound—proteins interactions;
regulating multiple pathways and generating the synergistic
effect (Pujol et al. 2010).

Natural products are effective in managing DM (Rios et al.
2015; Wang et al. 2013) and are being utilized in Ayurveda
and Traditional Chinese Medicine. The treatment strategy
of natural products is credited for the complex therapeutic
network which includes the combination of multicompounds
and multitargets interaction to produce synergistic or additive
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effects. Further, with the utility of multicomponents with
multitargets, demonstration has been made for more effec-
tiveness with fewer side effects compared to single-target
drugs (Espinoza-Fonseca 2006). Rapid development in net-
work biology/pharmacology has helped to identify efficacy
and safety of molecules in the drug development process
(Khan and Khan 2016). Further, it discloses the deep-seated
multifarious affiliation among multiple bioactives, their tar-
gets, and associated pathways. As a complex composition of
folk medicine, the desired therapeutic action could be due to
multifaceted synergistic or additive communications (Gupta
et al. 2017); may act concomitantly, ephemerally (short time),
or feebly (low affinity) with multiple targets (Bai et al. 2013;
Ohlson 2008). A combination of various bioactives with dif-
ferent affinities with multiple targets may add in efficacy and
decreased toxicity (Hopkins 2008); may help in treating the
complex diseases systematically.

The bark of Ficus benghalensis L. (family: Moraceae),
commonly known as Banyan is used to treat “Madhumey”
(Ayurvedic term for diabetes) as a traditional folk medi-
cine (Prashanth 2017) and composes multiple bioactives,
such as triterpenes, flavonoids, phytosterols, and polyphe-
nols (Khaliq 2017). It is also recorded as “Nyagrodha” in
the Ayurvedic pharmacopeia of India to treat Prameha,
i.e., metabolic disorder (Government of India, Ministry of
Health and Family Welfare, Department of AYUSH, The
Ayurvedic Pharmacopoeia of India). Further, the bark of F.
benghalensis is reported to lower the elevated blood glucose
level in experimental animals (Gayathri and Kannabiran
et al. 2008). However, the combined interaction of bioac-
tives from F. benghalensis with proteins involved in DM has
not been reported yet.

Hence, the present study aimed to identify the probable
interactions of regulated proteins involved in diabetic patho-
genesis by the bioactives of F. benghalensis and reveal the
deal of antidiabetic activity via the network pharmacology
approach followed by experimental evaluation of hydroal-
coholic extract of F. benghalensis bark in streptozocin—nic-
otinamide-induced diabetes in rats.

Materials and methods
Network pharmacology
Bioactives and their targets in diabetes

The reported bioactives of F. benghalensis were retrieved
from the ChEBI (https://www.ebi.ac.uk/chebi/) . Canonical
simplified molecular-input line-entry system (SMILES) of
each phytoconstituent was retrieved from PubChem (https://
pubchem.ncbi.nlm.nih.gov/) database to screen drug-like-
ness character via Mol Soft (http://molsoft.com/mprop/)
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based on Lipinski’s Rule of Five (Lipinski 2004). The targets
of all compounds were identified by querying the SMILES
of each biomolecule in BindingDB (Liu et al. 2007). The
data were compiled for the target of each compound with a
search score >(.7; based on the similarity of 70%. The gene
code of each target was identified from the UniProt (https://
www.uniprot.org/). The proteins involved in the diabetes
mellitus were identified using open-source databases and
published literature.

Pathway analysis and network construction

The probable interactions of proteins were predicted using
STRING (Szklarczyk et al. 2017) and the modulated path-
ways were identified concerning the Kyoto Encyclopedia
of Genes and Genomes pathway database. Cytoscape 3.5.1
(Shannon et al. 2003) was used to construct the network
between phytoconstituents, proteins, and related pathways.
The network was set as directed and the map node size and
map node color were set as “low values to small size” and
“low values to bright colors” respectively based on the edge
count for both settings.

The binding affinity of compounds with targets

Molecular docking was performed to predict the binding
affinity of bioactives with respective targets using autodock
4.0 (Morris et al. 2009). A node of the target was identi-
fied with the highest “edge score”; reflects the interaction
of the protein with multiple phytoconstituents within the
constructed network in which the phytoconstituents were
docked with the corresponding edge linked target. After
docking, the pose scoring the lowest binding energy was
chosen to visualize the ligand—protein interaction.

Experimental pharmacology
Plant collection, authentication, and extract preparation

Barks of F. benghalensis were collected from local areas
of Belagavi, India (16°08'37.1 "N 74°38'51.4 "E) in Janu-
ary; authenticated by a botanist at Indian Council of Medi-
cal Research- National Institute of Traditional Medicine
Belagavi, India, and herbarium was deposited for the same
(accession number RMRC-1405) for future reference. Barks
were washed thoroughly under running water, shade dried,
and turned into a coarse powder. The coarse powder (250 g)
was then subjected for maceration with 70% v/v ethanol for
7 days with occasional shaking; filtered, marc was dried, and
subjected for soxhlet extraction. Later, both extracts were
combined and concentrated using a rotator evaporator (IKA
RV 10) under reduced pressure which yielded 10.92%w/w.
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Animals and ethical clearance

Healthy albino Wistar rats weighing 223.67 +10.61 g of
either sex were used in the present study. Rats were pur-
chased from the committee for the purpose of control and
supervision of experiments on animals registered vendor
and housed in pathogen-free conditions. The experiment
was performed after receiving the approval from Institu-
tional Animal Ethics committee (IAEC) at KLE College
of Pharmacy, Belagavi, Karnataka, India (resolution no.
KLECOP/CPCSEA-Reg, No. 221/Po/Re/S/2000/CPCSEA,
Res. 28-12/10/2019). Animals were acclimatized under a
12 light/dark cycle for 7 days before the study.

Grouping and induction of diabetes

Nicotinamide at the dose of 230 mg/kg was injected
15 min before the administration of streptozocin at the
dose of 65 mg/kg by freshly dissolving in water for injec-
tion and chilled citrate buffer (pH 4.5), respectively. After
7 days of injection, fasting blood glucose was measured.
The animals showing elevated fasting blood glucose lev-
els (250 mg/dl) were used for further study. Animals were
randomized using computer-generated random numbers
for diabetic control and test except normal containing 6
animals in each namely (a) normal; administered with
saline, (b) diabetic (STZ); administered with saline, (c)
GLI50 (STZ + glibenclamide); administered with 50 mg/
kg, glibenclamide, (d) low test dose (STZ + FB100);
administered with 100 mg/kg extract, (¢) medium dose
(STZ + FB200); administered with 200 mg/kg, extract,
and (f) high dose (STZ + FB400); administered with
400 mg/kg, extract p.o. Each group contained 3 cages
with 2 animals in each.

Measurement of body weight, food intake,
and water intake

The body weight, food intake, and water intake of individual
animals were recorded on the 1st, 7th, 14th, 21st, and 28th
day of treatment. The measured food and water intake repre-
sented the water and food intake of 2 animals in each cage.

Measurement of fasting blood glucose/insulin level
and oral glucose tolerance test (OGTT)

The fasting blood glucose level was measured using a
glucometer (Janaushadi, India). Whole-body insulin sen-
sitivity was assessed using an oral glucose tolerance test
(Kumar et al. 2012) at multiple points, i.e., 0, 30, 60, 90, and

120 min. Similarly, blood was collected to assess the insulin
level using a commercially available kit (Ray Biotech, USA).

Collection of blood and visceral organs

At the end of the experiment, blood was collected from a
cardiac puncture to separate plasma. The liver and pancreas
were collected immediately, washed thoroughly to avoid any
blood clots, and stored appropriately in 10% v/v formalin
(Nair et al. 2018).

Plasma biochemical estimations

Fasting blood glucose level and insulin levels in the OGTT
were measured using a glucometer and commercially avail-
able kit respectively. Serum urea, uric acid, creatinine, and
lipid profile, i.e., total cholesterol, triglyceride, and high-
density lipid (HDL) were measured using commercially
available kits (ERBA diagnostics). The low-density lipopro-
tein (LDL) and very low-density lipoprotein (VLDL) levels
were measured using the following formula
TG

VLDL (mg/d) = ~=

LDL (mg/dl) = TC — (HDL + VLDL)

Glucose uptake in rat hemidiaphragm

Percentage glucose uptake in rat hemidiaphragm after
28 days treatments was performed as explained by Kumar
et al. 2012 with minor modifications. Briefly, 10x 10 mm? of
rat hemidiaphragm was incubated to 30 mM of glucose solu-
tion in the presence of 0.25 units of insulin. After 30 min,
samples were collected and the percentage glucose uptake
by rat hemidiaphragm was quantified using the following
formula:

Ac — At

% glucose uptake = x 100

where A, is the absorbance of the glucose solution before
incubating rat hemidiaphragm, A, is the absorbance of the
test, i.e., after incubating rat hemidiaphragm.

Glycogen and hepatic enzyme estimation

Glycogen content in skeletal muscle and liver was quan-
tified as explained by Seifter and Dayton 1950. Further,
multiple enzymes like glucose-6-phosphatase, fructose-
1,6-biphosphatase (Pari and Srinivasan 2010), hexokinase
(Brandstrup et al. 1957), lactate dehydrogenase (King
1959), phosphofructokinase (PFK, KinesisDx, USA), serum
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glutamic-oxaloacetic transaminase (SGOT, Erba Lab, India),
and serum glutamic pyruvic transaminase (SGPT, Erba Lab,
India) were measured in liver homogenate.

Evaluation of antioxidant biomarkers

The level of various antioxidant biomarkers, such as super-
oxide dismutase (SOD); incubating liver homogenate with
pyrogallol solution (2.5 mg/mL, 0.1 mL) and tris—HCI buffer
(0.05 mol/L, 2.9 mL) to record absorbance at 420 nm at 90
and 120 s (Nandi and Chatterjee 1987), catalase; by mixing
H,0, (0.019 mol/L, 1.0 mL) with liver homogenate (10%
w/v, 0.05 mL) and recording the absorbance at 240 nm
(Claiborne 1985), glutathione; incubating the mixture of
Ellman’s reagent and EDTA (20 mmol/L, pH 4.7) with liver
homogenate for 30 min and recording the absorbance at
412 nm and total thiols; incubating the liver homogenate
with dithionitrobenzene (10 mmol/L, 40 mL) in the presence
of methanol of 10 min to record absorbance at 412 nm (Sed-
lak and Lindsay 1968), and malondialdehyde to quantify the
thiobarbituric acid-reactive substance via the incubation of
liver homogenate with thiobarbituric acid (0.375%), trichlo-
roacetic acid (15%), and HCI (5 g/L) at 95 °C for 15 min,
cooled, and centrifuged to record the absorbance at 512 nm
(Hiroshi et al. 1979) were measured in liver homogenates.

Hepatic and pancreas histology

A trained pathologist was blinded for the study to fix liver
samples with 10% formalin, sectioned the tissue (4 uM), and
stained it with hematoxylin and eosin (H & E).

Statistical analysis

The phytoconstituents—proteins—pathways interaction was
evaluated by edge count based on color and size map. All
the data in experimental pharmacology were represented
using mean + SEM and analyzed using a one-way or two-
way analysis of variance, followed by posthoc Tukey’s test
or Bonferroni test where applicable, using GraphPad Prism
(GraphPad Software Corporation, San Diego California,
USA). The difference among the means was considered to
be significant if p < 0.05.

Results
Network pharmacology

Bioactives and their targets

A total of 21 bioactives were identified from F. bengha-
lensis which were under multiple phytochemistry, i.e.,
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triterpenoids, isoflavone, flavonoid, phytosterols, ceramide,
furocoumarins, and the organic molecular entity which are
summarized in Table S1 with their molecular formula, molec-
ular weight, and druglikeness score. Information was com-
piled for the compounds with a search score > 0.7 to identify
proteins involved in diabetes. The pharmacological action
of each compound against each target molecule reflects the
large numbers of the compounds are involved in the inhibitory
activity rather than activation of the receptors; however, the
probable pharmacological activity of few compounds against
some targets was unclear. The list of targeted protein mol-
ecules and their gene codes are summarized in Table S2.

Pathway analysis

A total of 51 different pathways were identified to be
modulated by the phytoconstituents of F. benghalensis;
among them, 13 were involved in DM. Among the 13 dif-
ferent pathways, the PI3K-Akt signalling pathway scored
the highest number of the gene set (Table S3). The pro-
tein—protein interaction of the targets involved in diabetes
is shown in Fig. 1.

Network analysis of phytoconstituent-protein-
pathway interaction

The network was constructed to represent the interaction
among biomolecules, their targets, and modulated pathways
which include 99 nodes; among them, 65 were targets, 21
were phytoconstituents, and 13 were modulated pathways.
Furthermore, the network contained 228 edges; among them,
48 edges were pathway—targets interactions and 180 were
compound-targets interactions. Similarly, 9 molecules (urso-
lic acid, mucusisoflavone A, mucusisoflavone C, isowight-
eone, wighteone, psoralen, 3',4',5,7-tetrahydroxy-3-methox-
yflavone, a-amyrin, and sitosterol) targeted protein-tyrosine
phosphatase 1B (PTP1B). Further, the PI3K/Akt signaling
pathway was primarily modulated by regulating the maxi-
mum number of genes, i.e., KIT, CDK6, IKBKB, PRKCA,
RXRA, GSK3B, IGF1, and ITGA4 (Fig. 2).

Docking analysis

A total of 9 phytoconstituents were identified to inhibit the
PTP1B based on the edge count of the network. Among
them, ursolic acid was predicted to have the highest bind-
ing affinity (-8.93 kcal/mol) with PTP1B with 5 hydrogen
bonds with Asp48, GIn266, Trpl179, and Arg221 (Fig. 3).
The binding affinity of each phytoconstituent with PTP1B
along with the number of hydrogen bond interactions/resi-
dues is summarized in Table S4.
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Fig.1 STRING analysis of pro-
teins interaction involved in the
diabetes mellitus. The protein(s)
and their interaction(s) in

the network are presented by
node(s) and edge(s) respectively
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Fig. 3 Interaction of ursolic
acid with protein-tyrosine phos-

phatase 1B
H-Bonds
Donor
Acceptor .
Animal study

Effect on body weight, food intake, and water intake

Induction of diabetes showed a significant decrease in the
body weight (p <0.001) as compared to normal. Admin-
istration of glibenclamide showed a significant increase
(p<0.001) in body weight as compared to the diabetic
group. Likewise, treatment with multiple doses of extracts
showed a dose-dependent significant increase in body weight
as compared to the diabetic group (Fig. 4).

There was a significant increase (p <0.01) in water intake
and a significant decrease (p <0.001) in food intake in dia-
betic groups as compared to normal. The treatment with

Normal
Diabetic
GLI50
FB100
FB200
FB400

Body weight (grams)
g
X¢Htwe

T T T T
-6 [l 7 14 21 28
Treatment duration (days)

Fig. 4 Effect of hydroalcoholic extract of Ficus benghalensis on body
weight. All the data are presented in mean+SEM (n=6). Percent-
age change in body weight was analyzed using one-way ANOVA fol-
lowed by Tukey’s Test for Post Hoc Analysis. *p <0.001 compared
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glibenclamide showed a significant decrease (p <0.01) in
water intake and a significant increase (p <0.001) in food
intake compared to a diabetic. Similarly, treatment with
extracts showed a significant decrease in water intake
(»<0.05-0.01) and a significant increase (p <0.001) in food
intake compared to a diabetic (Figs. 5 and 6).

Effect on fasting blood glucose level and OGTT
glucose level

After 28 days of treatments, a significant increase (p <0.001)
in the fasting blood glucose level was observed in the dia-
betic group compared to normal. Treatment with glibencla-
mide showed a significant decrease (p <0.001) in fasting

- #
20 -

#AR

HA

-20

% change in body weight

*

-40

T T T T T T
Normal Diabetic GLI50 FB100 FB200 FB400

to normal, #p<0.001 compared to diabetic, Ap<0.001 compared
to GLI50, ™p<0.001 compared to FB100, *p<0.05 compared to
FB200
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Fig. 5 Effect of hydroalcoholic extract of Ficus benghalensis extract
on food intake. All the data are presented in mean+SEM (n=3).
Food intake/2 animals in each group were analyzed using one-way

250

200

Treatment duration (days)

Fig.6 Effect of hydroalcoholic extract of Ficus benghalensis on
water intake. All the data are presented in mean+SEM (n=3). Water
intake/2 animals were analyzed using one-way ANOVA followed by
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Fig.7 Effect of hydroalcoholic extract of Ficus benghalensis on
fasting blood glucose level and OGTT. All the data are presented in
mean + SEM (n=6). Fasting blood glucose level and total area under
the curve of glucose was analyzed using one-way ANOVA followed

blood glucose levels compared to the diabetic group. Simi-
larly, treatment with multiple doses of the extract showed
a significant decrease (p < 0.001) in fasting blood glucose
levels compared to the diabetic in a dose-dependent man-
ner. Further, in the OGTT the AUC in the diabetic group

by Tukey’s Test for post hoc analysis. *p <0.001 compared to nor-
mal, *p <0.001 compared to diabetic, 4p <0.001 compared to GLI50,
"5 <0.01, "™™p <0.001 compared to FB100, *p <0.001 compared to
FB200

was found to significantly higher (p <0.001) as compared to
normal. Likewise, the administration of glibenclamide and
multiple doses of extract reflected the potency to enhance
the glucose clearance by decreasing the AUC and the effect
was also dose-dependent (Fig. 7).
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Effect on fasting insulin level and OGTT insulin level

Fasting insulin level was found to be significantly decreased
(p<0.001) compared to normal. Similarly, treatment with
glibenclamide showed a significant increase (p <0.001) in
insulin levels compared to the diabetic group. Likewise,
treatment with multiple doses of the extract showed a sig-
nificant increase (p <0.05 and 0.001) in insulin level com-
pared to the diabetic group. Likewise, the AUC of insulin
level over 2 h was significantly lower (p <0.001) in the dia-
betic group compared to normal. Similarly, treatment with
glibenclamide showed a significant increase (p <0.001) in
insulin levels compared to the diabetic group. Likewise,
treatment with multiple doses of the extract showed a sig-
nificant increase (p < 0.05 and 0.001) in AUC of insulin level
compared to a diabetic group, and the effect was found to be
dose-dependent (Fig. 8).

Effect on glycated hemoglobin

The glycated hemoglobin level was found to be significantly
high (p <0.001) in the diabetic group compared to normal
and was significantly reversed (p <0.001) with glibencla-
mide and extract treatment. Further, the decrease in the
glycated hemoglobin was found to be dose-dependent at
100 mg/kg, 200 mg/kg, and 400 mg/kg of extract treatment
(Fig. 9).

Effect on hepatic enzymes

A significant increase (p <0.001) in hepatic enzymes like
glucose-6-phosphatases, fructose 1,6 biphosphatase, lac-
tate dehydrogenase, phosphofructokinase, and SGOT:
SGPT ratio was observed in the diabetic group compared
to normal. Further, treatment with glibenclamide and mul-
tiple doses of the extract showed a significant decrease
(» <0.05-0.001) in all the hepatic enzymes and SGOT:
SGPT ratio. In contrast, there was a significant decrease in

N
o
1

401

»
=
I

304

o @
It i

Insulin concentration (plU/ml)
o

Insulin concentration (plU/ml)

| %

151
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e A A
" -
;\?10_ #A AR
(3} o #
< B e
S |
I 51

NormalDiabetic GLI50 FB100 FB200 FB400

Fig.9 Effect of hydroalcoholic extract of Ficus benghalensis bark on
glycylated haemoglobin. All the data are presented in mean+SEM
(n=06). The difference among the means of HblAc level between
groups was analyzed using one-way ANOVA followed by Tukey’s
Test for post hoc analysis. *p <0.001 compared to normal, *p <0.001
compared to diabetic, ‘p<0401, AAp<0.001 compared to GLISO0,
'p <0.001 compared to FB100, *P <0.001 compared to FB200

the hexokinase enzyme level in the diabetic group compared
to the normal. Further, treatment with glibenclamide and
multiple doses of the extract showed a significant increase
(p<0.001) in hexokinase level compared to a diabetic in a
dose-dependent manner (Table 1).

Effect on urea, uric acid, and creatinine level

There was a significant increase (p <0.001) in serum urea,
uric acid, and creatinine level in the diabetic group com-
pared to normal. Similarly, treatment with glibenclamide
significantly decreased (p <0.001) urea, uric acid, and
serum creatinine as compared to the diabetic group. Like-
wise, treatment with extract showed a significant decrease in
urea (p <0.001), uric acid (p <0.001), and creatinine levels
(p<0.05-0.001) compared to a diabetic (Table 2).

40004

-o- Normal
-# Diabetic
- GLI50
-+ FB100
FB200
-0~ FB400

Area under curve of insulin
»n
(=3
o
o

T T
0 30 60

Time (minutes)

Fig.8 Effect of hydroalcoholic extract of Ficus benghalensis on
fasting insulin level and during OGTT. All the data are presented in
mean+SEM (n=6). Fasting insulin level and total area under the
curve of insulin was analyzed using one-way ANOVA followed by
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Tukey’s Test for post hoc analysis. *p <0.001 compared to normal,
#p<0.05, ##p<0.01, #p<0.001 compared to diabetic, 4p<0.05,
A4, <0.001 compared to GLI50, ™p <0.05, ™5 <0.001 compared to
FB100, *p <0.001 compared to FB200
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Effect on lipid profile Effect on glycogen content

There was a significant increase (p <0.001) in triglycerides, =~ There was a significant decrease (p <0.001) in hepatic and
total cholesterol, VLDL, and LDL, and a significant decrease ~ skeletal muscle glycogen content in the diabetic group
(»<0.001) in HDL level in the diabetic group compared  compared to normal which was significantly reversed
to normal. The treatment with glibenclamide and extract  (p <0.001) after glibenclamide and extract treatment. The
showed a significant decrease (p <0.001) in triglycerides, glycogen content in liver and skeletal muscle was dose-
total cholesterol, VLDL, and LDL and a significant increase =~ dependent in extract treatment (Fig. 10).

(»<0.001) in HDL levels as compared to the diabetic group

(Table 3).

Table 1 Effect of hydroalcoholic extract of F. benghalensis on hepatic enzymes

Groups  Hexokinase (units/ Glucose-6-phos- Fructose-1,6-bi- Lactate dehydroge- Phosphofructokinase ~ SGOT: SGPT ratio
mg) phatase (units/mg) phosphatase (Units/ nase (uMol/L/h/mg)  (units/mg )
mg)
Normal  2.92+0.01 10.95+0.20 3.99+0.05 166.40+3.41 4.10+0.16 1.34+0.05
Diabetic  1.61+0.02* 27.67+0.79* 11.28 +0.27* 377.10+£8.23% 11.24 +0.24%* 2.75+£0.10*
GLI5S0  2.59+0.01% 15.71+0.56" 5.49+0.23% 209.60 +5.15" 4.99+0.12% 1.52+0.05"
FB100  1.80+0.02%44 23.07+£0.36™44 1229403744 328.70 +4.61%A 4 9.98 +0.22" A4 1.58£0.04"

FB200 1.99+0.02*AAR 2] 2940.24%AA 9.86+0.25*AAR 293 104373 A AN 8.23+0.13*A AN 1.59 +0.06%
FB400  2.14+0.01*AA®Xx 18504 0.09"AM* 214,128 223.50+ 1.62"AARY 578, (.19"AAMX | 494 0.05

All the data are presented in Mean + SEM (n=6). The difference among the means of each group was analyzed using one-way ANOVA followed
by Tukey’s test for post hoc analysis. *p <0.001 compared to normal, *p <0.01, #p <0.001 compared to diabetic, 4p<0.01, 44p<0.001 com-
pared to GLI50, ™» <0.001 compared to FB100, *p <0.001 compared to FB200

Table 2 Effect of

hydroalcoholic extract of F Groups Urea (mg/dl) Uric acid (mg/dl) Creatinine (mg/dl)

benghalensis on urea, uric acid,  Normal 30.95+0.80 1.66£0.12 2.71+0.15

and creatinine level Diabetic 55.27+0.97* 2.89+0.16* 3.2640.04*
GLI50 37.30+0.71% 1.58+0.03% 2.53+0.05"
FB100 50.53+0.34%44 1.99+0.05%4 2.88+0.04%4
FB200 46.92+0.37*AAN 1.88 +0.05% 2.79+0.02%
FB400 42.90+0.44%A ANEX 1.80+0.04% 2.68 +0.06"*

All the data are presented in mean+ SEM (n=6). The difference among the means of each group was ana-
lyzed using one-way ANOVA followed by Tukey’s test for post hoc analysis. *p<0.001 as compared to
normal, *p <0.05, #p <0.01, *#¥p <0.001 as compared to diabetic, 4 <0.05, 44 <0.001 as compared to
GLI50, ™p <0.01, ™™p <0.001 as compared to FB100, *p <0.001 as compared to FB200

Table 3 Effect of hydroalcoholic extract of F. benghalensis on lipid profile

Groups Triglycerides (mg/dl) Total cholesterol (mg/dl) HDL (mg/dl) VLDL (mg/dl) LDL (mg/dl)
Normal 45.92 +0.45 90.99+0.94 59.49+0.67 9.18+0.09 22.32+0.55
Diabetic ~ 93.11+3.53* 144.40 +0.66* 36.41 +0.63* 18.62+0.71% 89.39 +1.59*
GLI50 51.07 +0.67* 103.40+0.96* 57.93 +0.39# 10.21+0.13% 35.29+0.93"
FB100 7426047044 131.00+1.39%44 44.52+0.48%4 A4 14.85+0.09¥A 44 71.61+1.65%444
FB200 66.04+0.55%4 A AN 122,90+ 1.69%4 AN 4939 +0.45%A A 4NN 13.2140.11%AA AN 60.26+1.67%4AAN
FB400 61.12+0.83"AAANE 108 60+ 1.05"AMx 53.1240.25"4 A ANEX 122240.17¢AAARE 43 7]140.89%4 ANEX

All the data are presented in mean+ SEM (n=6). The difference among the means of each group was analyzed using one-way ANOVA followed
by Tukey’s Test for Post Hoc Analysis. *p <0.001 compared to normal, *p <0.001 compared to diabetic, 4p <0.05, 44p<0.01, 4445 <0.001
compared to GLI50, ™p<0.01, ™™ <0.001 compared to FB100; *p <0.001 compared to FB200
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Fig. 10 Effect of hydroalcoholic extract on skeletal muscle and liver
glycogen content. All the data are presented in mean+ SEM (n=6).
The difference among the means of glycogen content between groups
was analyzed using one-way ANOVA followed by Tukey’s Test for
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Fig. 11 Effect of hydroalcoholic extract of Ficus benghalensis on
percentage glucose glucose uptake in rat hemidiaphragm. All the
data are presented in mean+SEM (n=6). The difference among the
means % glucose uptake between groups was analyzed using one-way
ANOVA followed by Tukey’s Test for post hoc analysis. *p <0.001
compared to normal, #p<0.001 compared to diabetic, 4p<0.001
compared to GLI50, ™p <0.001 compared to FB100
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post hoc analysis. *p<0.001 compared to normal, #»p<0.001 com-
pared to diabetic, 4p <0.001 compared to GLI50, ™p <0.001 com-
pared to FB100, *p <0.001 compared to FB200

Effect on percentage glucose uptake

There was a significant decrease (p <0.001) in the percent-
age glucose uptake by isolated rat hemidiaphragm compared
to normal. Similarly, treatment with glibenclamide and mul-
tiple doses of the extract significantly increased (p <0.001)
the glucose uptake by isolated rat hemidiaphragm compared
to the diabetic group (Fig. 11).

Effect on antioxidant biomarkers

In the diabetic group, there was a significant decrease
(p <0.001) in SOD, glutathione, and catalase levels
compared to normal. Similarly, glibenclamide treatment
showed a significant increase (p <0.001) in SOD and
glutathione levels compared to the diabetic. Significant
increase in SOD (p <0.05) and glutathione (p <0.05 &
0.01) levels were observed in the extract group at 200 and

Table 4 Effect of hydroalcoholic extract of F. benghalensis on antioxidant biomarkers

Groups SOD (units/ml) Total thiols (uMoles/mg GSH (uM/mg of protein) Catalase (units/min/mg MDA (nMol/
of protein) of protein) unit of protein)
Normal 27.81+0.80 260.20+4.87 135.90+4.20 77.34+2.29 203.00+6.92
Diabetic 16.52+1.16% 353.80+64.72 33.76 +6.28% 30.86+5.78 * 276.70+49.39
GLI50 25.72+0.34%% 262.70+46.98 111.40+19.83%# 47.89+8.52 194.70 +34.52
FB100 19.10+£0.5344 350.20+2.42 58.19+2.75 4 53.51+2.23% 292.60+2.15
FB200 24.63+0.91%W 331.10+3.08 79.51 +2.40 58.84+1.19 % 283.90+4.62
FB400 27.73 +£0.37" 274.70+26.70 86.70+7.86™ 59.71+5.85* 217.00+20.56

All the data are presented in mean+ SEM (n=6). The difference among the means of each group was analyzed using one-way ANOVA followed

by Tukey’s Test for Post Hoc Analysis. *p <0.001 as compared to normal, *p <0.05, #p <0.01,

A4, <0.001 as compared to GLI50, ™p <0.001 compared to FB100
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400 mg/kg dose. Likewise, treatment with multiple doses
of the extract showed a significant increase (p <0.05 &
0.01) in catalase activity compared to the diabetic. How-
ever, there was no significant difference in the means of
total thiols and malondialdehyde levels (Table 4).

Histopathology study

In the diabetic group, there was a significant decrease
(p<0.001) in the average number of islets and their size
compared to the normal group. However, treatment with
extract showed a significant increase (p <0.05 & 0.01) in
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Fig. 12 Histopathology analysis of pancreas magnification HE. a
normal, b diabetic, ¢ GLI50, d FB100, e FB200, and f FB400 at (1)
40xand (2) 10x, (3) average number of islets, (4) size of beta cells,
(5) lymphocytic infiltration, (6) vascular degeneration and (7) con-
gestion score. All the data are presented in mean+ SEM (n=6). The

T T T T T T
NormalDiabetic GLIS0 FB100 FB200 FB400

difference among the means of each histological parameter between
groups was analyzed using one-way ANOVA followed by Tukey’s
Test for post hoc analysis. *p <0.001 compared to normal, *p <0.05,
#p<0.01, #p <0.001 compared to diabetic
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Fig. 13 Histopathology analysis of liver (magnification HE. 40X). a
normal, b diabetic, ¢ GLI50, d FB100, e FB200, and f FB400; rep-
resents sinusoidal congestion, venous congestion and ballooning
degeneration. All the data are presented in mean+SEM (n=6). The

their count and size compared to the diabetic group. Fur-
ther, there was a significant increase (p <0.001) in lym-
phocytic infiltration, vascular degeneration, and conges-
tion in pancreas in the diabetic group compared to normal.
Further, treatment with extract improved congestion at
all doses compared to the diabetic. Although there was no
significant improvement in lymphocytic infiltration after
extract treatment, a dose of 400 mg/kg improved vascular
degeneration compared to the diabetic group (Fig. 12).
Further, there was a significant increase (p <0.001) in
sinusoidal congestion, venous congestion, and ballooning
degeneration in hepatocytes in diabetic group which has
been ameliorated with extract treatment at the significant
level of 0.05 and 0.01 (Fig. 13).
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difference among the means of each histological parameter between
groups was analyzed using one-way ANOVA followed by Tukey’s
Test for post hoc analysis. *p<0.01, **p <0.001 compared to nor-
mal, #p <0.05, #p <0.01, ##p <0.001 compared to diabetic

Discussion

Network pharmacology is a theoretical approach that helps
to understand the complex system of the living organ-
ism by exploring a large number of data sets for com-
pound—protein interaction, protein—protein interaction,
and associated biochemistry. It further wires to under-
stand the interaction of gene set and generate a hypoth-
esis for the experimental design (Morrow et al. 2010).
Due to the rapid progression in bioinformatics’ tools, the
current era of SysBiomics kindled the researchers to be
aware of the correlation between the set of targets rather
than single (Collins et al. 2007; Wang et al. 2012). To
fulfil this approach, we identified the probable targets of
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an individual phytoconstituent from BindingDB based on
the principle “similar compounds identify their similar tar-
gets” (Liu et al. 2007), and the network was constructed to
understand the probable interaction of multiple phytocon-
stituents, their targets and probably modulated pathways
in diabetes mellitus. Further, the study aimed to evaluate
the outcome of network pharmacology in the streptozo-
cin—nicotinamide-induced DM.

Mining of phytoconstituents from F. benghalensis bark
identified the multiple class of compounds, i.e., triterpe-
noids, isoflavones, flavonoids, steroid saponins, phytoster-
ols, ceramides, and furocoumarins which interacted with
33 proteins involved in DM. Further, multicomponent—pro-
tein—pathway network analysis identified the majority of
the flavonoids were involved in the regulation of PTP1B by
modulating the PI3K-Akt signaling pathway. However, it is
to be understood that the generation of the network is due to
the involvement of multiple phytoconstituents irrespective
of a particular group of phytoconstituents like flavonoids.
Hence, in the present study, the whole extract was the choice
of the testing agent rather than a selective group of fractions
for in vivo study.

During the 28 days of treatments, the effectiveness of
hydroalcoholic extract was observed via the assessment of
reversal weight loss and water intake followed by enhanced
appetite in diabetic animals. Further, a significant decrease
in blood glucose and increase insulin level in treated animals
was also confirmed via AUC of glucose and insulin level
during OGTT. Since the streptozocin—nicotinamide model is
the reflection of the insulin-deficient model due to the partial
damage of pancreatic § cell mass, the increased insulin pro-
duction to respond to exogenous glucose could be due to the
regeneration of pancreatic -cells in extract-treated animals
which were not observed in the diabetic group.

Network interaction identified the prime regulation of
PTPI1B which has been well credited for pancreatic f-cell
proliferation, regulating changes in islet morphometry, and
modulating the pathways in maintaining pancreatic p-cell
mass. Likewise, surgical removable of PTP1B alleviates
the streptozocin-induced damage in pancreatic -cell mass
(Fernandez-Ruiz et al. 2014). Further, PTP1B is well cred-
ited for the negative regulation of insulin signaling in DM
by removing phosphate from the tyrosine residues of insulin
receptor at tyrosine kinase P-subunits leading to the dis-
turbed equilibrium state of tyrosine kinase and phosphatase;
mimics insulin activity (Kennedy 1999). Likewise, one of
our previous studies identified lead hits from F. bengha-
lensis as a-glucosidase inhibitor which may involve in regu-
lating the p53 signaling pathway (Khanal and Patil 2019). In
the present study, after 28 days of treatments with extract,
the level of insulin secretion was found to be significantly
higher which was also confirmed via the AUC in OGTT;
reflects the possibility in maintaining the pancreatic f-cells

which was also confirmed via the higher number of $-cells in
the pancreatic tissue in histopathological observation. This
outcome could be due to the probable inhibition of PTP1B
by mucusisoflavone A, mucusisoflavone C, isowighteone,
wighteone, psoralen, ursolic acid, 3',4',5,7-tetrahydroxy-
3-methoxyflavone, a-amyrin, and sitosterol; primarily urso-
lic acid as it has been reported to enhance the insulin recep-
tor phosphorylation and stimulate glucose uptake (Zhang
et al. 2006) as demonstrated in the glucose uptake assay in
rat hemidiaphragm and increased glycogen content in liver
and skeletal muscle.

Histopathological observation showed an increase in pan-
creatic f-cell count/shape and decreased lymphocytic infil-
tration, vascular degeneration, and congestion after 28 days
of treatments with extract; reflects the maintenance of pan-
creatic p-cell mass; via probable inhibition of PTP1B and
modulation of the p53 signaling pathway (Khanal and Patil
2019), and enhanced insulin secretion via PI3K-Akt signal-
ing pathway and calcium signaling pathway. Further, liver
cirrhosis can be assessed as SGOT: SGPT ratio> 2 (Cohen
and Kaplan 1979) and sinusoidal and venous congestion
followed by ballooning degeneration of hepatocytes (Kakar
et al. 2004); has been identified in the diabetic group. How-
ever, due to the antioxidant potency of extract, these changes
could have been ameliorated.

Similarly, our network pharmacology prediction identi-
fied PI3K-Akt and calcium signaling pathways to be primar-
ily modulated. PI3K-Akt signaling pathway regulates insulin
secretion, glucose transport, glycogen synthesis, and protein
synthesis in skeletal muscle and decreased gluconeogenesis
and enhanced glycolysis in the liver via PI3K-Akt signal-
ing pathway (Huang et al. 2018). Hence, the increased insu-
lin production at the fasting level as well as during OGTT
increased glycogen content in liver and skeletal muscle could
be via PI3K-Akt mediated pathway. The previous report
reflected the disturbance in calcium homeostasis acceler-
ates the death of pancreatic p-cells leading to type 1 dia-
betes mellitus (Jiang et al. 2018). Likewise, PI3K has been
identified to stimulate the autocrine function of pancreatic
B-cell via the inhibition of Ca**ATPase; increases the intra-
cellular Ca®* concentration by activating calcium-mediated
signaling pathways leading to insulin secretion (Jiang et al.
2018). Further, in our previous study, we predicted iden-
tified 3 flavonoids, i.e., apigenin, 3,4',5,7-tetrahydroxy-3'-
methoxyflavone, and kaempferol as a regulators of the p53
signaling pathway which is also well reported to maintain
pancreatic f-cell mass (Khanal and Patil 2019); could be
one of the reasons for increased glucose clearance via the
elevated level of insulin during OGTT.

Serotonin receptors and PPAR act as homeostatic
regulators of energy intake and expenditure which can
be regulated in managing diabetes mellitus (Calkin et al.
2007; Oh et al. 2016). A total of 10 bioactives from the
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F. benghalensis were identified to interact with multiple
subunits of serotonin receptors which would have a role
in the amelioration of food and water intake in extract
treated diabetic animals. Further, apigenin, kaempferol,
wighteone, and ursolic acid were identified to interact
with PPAR; hence, they could regulate the transcription of
insulin-responsive genes and manage hepatic glucose pro-
duction, transportation, and utilization. Thus, PPAR medi-
ated action could have contributed to the elevated level of
enzymes for glycolysis and decreased level of enzymes
involved in gluconeogenesis. Further, estrogen receptors
are also identified as new players in DM by modulating
the genes involved in glucose uptake, insulin sensitiv-
ity and also participating in glucose homeostasis (Bar-
ros et al. 2006) which was modulated by mucusisoflavone
C, 3',4',5,7-tetrahydroxy-3-methoxyflavone, kaempferol,
psoralen, ursolic acid, and a-amyrin. Likewise, treatment
with extract also ameliorated lipid profile which could be
due to the regulation of adipocytokine signaling pathway
by regulating three proteins, i.e., RXRa; activates endog-
enous retinoids, PPARa; regulates genes involved in fatty
acid transport and oxidation, and IKBKB; modulates lipid
metabolism and associated disorders (He et al. 2013; Kon-
standi et al. 2013; Schmid and Birbach 2008; Yu et al.
2015).

Hydroalcoholic extract of

Reported bioactives from Ficus benghalensis

Although the bark of F. benghalensis is well recognized
to manage DM, the probable mechanism of action for anti-
diabetic activity was not reported yet. To overcome this
study gap of ethnomedicine use of F. benghalensis bark, we
utilized the system biology tools followed by an experimen-
tal evaluation to propose the probable molecular mechanism
(Fig. 14) for the antidiabetic effect and support the Ayur-
vedic literature.

Conclusion

The current study utilized a network pharmacology approach
to study the probable molecular mechanism of Indian folk
medicine, F. benghalensis bark in the management of diabe-
tes. The study identified probable regulation of PTP1B (tar-
get) and PI3K-Akt (modulated pathway) within the complex
set of diabetic proteins and their interaction with bioactives
from F. benghalensis which has a direct role in insulin secre-
tion. The study also identified flavonoids as a major group
of bioactives from F. benghalensis in diabetes management.
One of the limitations of the present study is the expression
of PTP1B in the liver, skeletal muscle and adipose tissues
with F. benghalensis bark extract treatment was not studied
which needs to be further confirmed.

Ficus benghalensis Bark

streptozotocin nicotinamide
induced diabetes
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Fig. 14 Proposed mechanism of action of hydroalcoholic extract of Ficus benghalensis L. bark
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