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ABSTRACT

Diabetes mellitus is a fast-growing health concern that affects people all over the
world. Despite the availability of synthetic medications, there is always a desire to find herbal
formulations owing to their relationship with adverse effects. Traditional healers in India
employ Quercus infectoria as a folk medicine to reduce inflammation outcomes. The goal of
this work is to evaluate the antidiabetic potential of the galls and extract and purify an o-
glucosidase inhibitory substance. Antidiabetic potential was evaluated by performing the
inhibition of glucose diffusion and inhibition of a-amylase activity. This was followed by in
silico studies to anticipate the binding interaction of the isolated compound with a-
glucosidase using molecular docking studies. To purify the active component, a methanolic
extract of Quercus infectoria galls was screened for a-glucosidase inhibitory activity and
separated into n-butanol, ethyl acetate, and water fractions. HPLC was used to quantify the
isolated chemical. AutoDock 4.2.6 was used to conduct the molecular docking investigation.
Rosmarinic acid was shown to be the active ingredient in Q. infectoria galls that inhibited a-
glucosidase with an IC50 of 1.75 pg/ml. In addition, an in silico docking research revealed
the possibility of rosmarinic acid and aglucosidase binding. The anti-diabetic activity of Q.

infectoria galls and the isolated component, rosmarinic acid, was confirmed by the findings.

Keywords: a-glucosidase, hyperglycemia, molecular docking, Quercus infectoria,

rosmarinic acid
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INTRODUCTION

The research work on medicinal
plants have been phenomenally increasing
all over the world. Several developing
countries have accepted conventional
medical practice as an essential part of their
culture. 80% of the population in
developing countries rely on traditional
medication for their primary health care
[1]. India contributes considerably to the
ever-growing global market. India has
about 2.4% of the world’s land with 8% of
total biodiversity housing 8,000 plant
species with documented medicinal use in
both treatment of disorders as well as in
modern systems of medicines [2, 3]. The
forest of India is one of the major sources
in several aromatic and medicinal plants
which are mostly gathered as raw materials
to produce drugs. In India, plants have been
used for medicinal purposes since Vedic
times. The Rig Veda and Atharveda were
the first to describe the usage of plants for
therapeutic ~ purposes. Most  rural
populations rely on natural resources such
as wild edible plants to satisfy their dietary
needs during times of food scarcity [3]. At
present it is reported that approximately
25% of drugs have been developed from
plants with other drugs created from a
prototype

compound separated from

different plant varieties in recent

pharmacopoeia [4].

In recent years, diabetes has become
a significant cause of death. Diabetes
affects 3% of the global population, with
the incidence predicted to double to 6.3%
by 2025 [S]. Authorization, westernisation,
and accompanying

lifestyle  changes,

physical  inactivity, increased life
expectancy at birth, obesity, and perhaps a
hereditary susceptibility are the reasons for
this predicted increase in prevalence rate
[6]. It is a metabolic disease marked by
hyperglycemia caused by abnormalities in
insulin activity and/or secretion. Type 1
diabetes is characterised by a lack of
insulin production by pancreatic cells. Type
2 diabetes is linked to obesity and is
defined by a growing insulin resistance in
the early stages, followed by a decline in
pancreatic hormone's capacity to stimulate
peripheral glucose clearance and lower
hepatic glucose production [7].

Aldose reductase (ALR2; EC:
1.1.1.21), the first rate-limiting enzyme in
the polyol pathway, is responsible for
forming sorbitol from glucose, utilizing
NADPH. Sorbitol dehydrogenase then
converts sorbitol to fructose [8]. This
pathway is usually a secondary route for
glucose utilisation, producing less than 3%
of total glucose intake. But when blood
glucose levels are high, this route becomes

more active and can account for up to 30%

of the total glucose utilization [8]. Several
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independent investigations found that
ALR2 has a role in diabetic nephropathy,
neuropathy, retinopathy, and cataract [9].
This pathways credibility as a target for
developing diabetic complications
prevention methods was reaffirmed. As a
result, reducing ALR2 activity looks to be a
viable strategy for avoiding diabetes
complications. Novel ARI must be
developed and evaluated in terms of
effectiveness, selectivity, and safety.

Insect galls of Quercus infectoria
Olivier are the most widely used
conventional medicines in Asia for a
variety of illnesses. The Allepo oak tree
produces these galls as a response to wasps
depositing their eggs in the oak bark, which
the expanding eggs use for protection and
nourishment. Oak galls have long been
used to cure dysentery, gonorrhoea,
tonsillitis, internal haemorrhages, impetigo,
and menorrhagia [10].

MATERIALS AND METHODS

Preparation of oak gall extract: Galls of
Q. infectoria Olivier were procured from
Attar Ayurveda in Jaipur, Rajasthan, for
this investigation. Using a pestle and
mortar, the dried galls were crushed and
then coarsely ground in an electric grinder.
Using a rotary shaker, 20 g of gall powder
were immersed in 100 ml of the following
solvents: water, methanol, ethanol, ethyl
acetate, acetone, and hexane, and agitated

for 6 h at 200 x g. To remove plant

particles, the crude Q. infectoria extracts
(QIE) were filtered using Whatman filter
paper No. 1 in a Buchner funnel, then
evaporated at 40°C. By rapid agitation at
45°C, the dry powder was suspended in
distilled water to a final concentration of
10% (w/v). The QIE was sterilised and
stored at 4 °C in sterile dark vials using a
syringe filter of pore size 0.22 pm.

In vitro inhibition of glucose diffusion
activity: Using the technique given by
Edwards [11] the inhibition of glucose
uptake by the methanolic QIE was
assessed. The process entails filling a
sealed dialysis with 1 ml of a solution
containing 20 mM glucose and 150 mM
NaCl. The amount of glucose that appeared
in the external solution was determined.
The model utilised in this study consisted
of a dialysis tube holding 2 ml of seed
extract in 1% CMC and 1 ml of 150 mM
NaCl containing 25 ml of 20 mM D-
glucose. The dialysis tube was put in a 50
ml beaker containing 45 ml of 150 mM
NaCl with each end capped. The tubes were
stored at room temperature and shaken on
an orbital shaker. At 30, 60, 120, and 180
min, the transfer of glucose into the exterior
solution was observed. Metronidazole was
utilised as control.

a-amylase inhibitory effect: o-amylase
activity was determined by measuring the
reducing groups formed by isolated porcine

pancreatic o -amylase hydrolyzing soluble
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starch. 250 pl of hydromethanolic extract or
acarbose at various concentrations (100 -
500 pg/ml) were incubated for 20 min at 37
°C in phosphate buffer (100 mM, pH 6.8)
with 500 pl of a -amylase (2 U/ml). After
that, 250 pl of 1% starch dissolved in 100
mM phosphate buffer (pH 6.8) was added
to the reaction mixture, which was then
incubated for 1 hour at 37 °C. The tubes
were incubated in a boiling water bath with
dinitrosalicylate colour reagent for 10
minutes. The absorbance was measured at
540 nm after cooling. The inhibitory
activity on o-amylases were estimated

using the following formula:

OD of control-0D of sample
0D of control

Inhibition (%) = x 100

- (Eq. 1)
a-glucosidase inhibitory effect: 100 pl
sample was mixed with 60pl phosphate
buffer (0.1 mM, pH 6.8) containing 10 pl
a-glucosidase (1 U/ml) or acarbose (0, 500,
1000, 1500, and 2000 pg/ml) and incubated
at 37 °C for 10 minutes [12]. In 0.1 mM
phosphate buffer, 30 pl of 2 mM pNPG (4-
Nitrophenyl-D-glucopyranoside)  solution
was added to start the enzyme reaction. A
microplate reader was used to measure
absorbance at 405 nm every 15 minutes for
2 hours. The inhibitory action on enzyme
activity was calculated from the area under
the curve (AUC) for each sample or
acarbose and compared with the AUC of
the negative control, without sample.

Acarbose served as the positive control.

The inhibition of enzyme activity was

estimated using the formula:

An — Ai

% Inhibitory effect = x 100

where An is the AUC of negative control
and Ai is the AUC of solution with
inhibitors (sample or the positive control).
The inhibitory effects of individual
flavonoids and the flavonoids-rich extract
were converted into acarbose equivalents to
make further analysis easier, and the unit

was stated as pg acarbose equivalents/ pg.

Isolation of a-glucosidase inhibitory

compound and molecular docking
studies
Extraction and isolation of active

compound: To generate a hydro-alcoholic
solution, dried galls of Q. infectoria were
extracted three times with methanol
followed by the addition of water to make a
hydro-alcoholic solution. To eliminate the
presence of fatty compounds, the solution
was washed with petroleum ether and then
concentrated to obtain the dry extract. The
dried extract was suspended in distilled
water and fractionated into ethylacetate, n-
butanol, and water, with ethylacetate, n-
butanol, and water being the final products.
The butanol fraction was the most active of
these fractions, so it was subjected to silica
gel  column  chromatography  with
increasing polarity — 1:1 petroleum ether-
chloroform, 9:1 chloroform — methanol, 4:1

chloroform — methanol, 1:1 chloroform —
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methanol, 1:1 chloroform — methanol, and
3:7 chloroform — methanol. Fraction 6
produced the most effective inhibition of -
glucosidase. To get the bioactive molecule,
this fraction was treated to semi-preparative
HPLC (Shimadzu LC20AD with PDA
detector). The enriched fraction was used to
make a 10 mg/ml solution using 7:3 water
and methanol, which was then filtered
through a 0.45 um syringe filter. For
analytical and semi preparative separation,
20 pl and 200 pl of the filtrate was injected
respectively. The mobile phase was made
up of a linear gradient of 1% acetic acid in
water and methanol as solvent A and B,
respectively. The analytical and semi-
preparative flow rates were 1 ml/min and 3
ml/min, respectively. The peaks were
collected whilst being eluted from the
column and the solvents were evaporated.

Rosmarinic acid (1 mg/ml) standard was
diluted to obtain the required test
concentrations. The amount of rosmarinic
acid present in the various fractions i.e.,
methanolic extract, n-butanol and the
enriched fraction was determined from the
calibration curve of the standard solution.

In silico structure prediction of a-
glucosidase: The protein sequence of o-
glucosidase was retrieved from UniProt
(www.uniprot.org). It had the Accession

Number: P53341. The conserved domain

and catalytically important sites were

determined using NCBI CDD. Protein

molecule structure was retrieved in “.pdb”
format. The protein molecule was subjected
to removal of all water molecules and
addition of only the final stage hydrogen
atoms. This was followed by the addition of
polar hydrogen atoms and Gasteiger
charge. SWISS-MODEL was used to
obtain the structural 3D model if the

enzyme (https://swissmodel.expasy.org).

After this, a homology-based search was
done wusing Protein Data Bank (PDB)
repositories. The best suited template with
the highest similarity was used to determine
biological property and for generating the
3D model. Evaluation of the accuracy of
the structure and the Ramachadran plot was
confirmed using PROCHECK and ProSA-
web [13].

Preparation of ligand molecule: NCBI
PubChem database was used to obtain the
3D structure of rosmarinic acid (PubChem
CID: 5281792)

(https://pubchem.ncbi.nlm.nih.gov/).  The

ligands were retrieved in 3D structure in
“.sdf” format. This was then transformed
into “.pdb” format with the help of
SMILES Translator

(https://cactus.nci.nih.gov/translate/). The

converted files were downloaded in “.pdb”
format. These “.pdb” files were used to run
different tools and softwares.

Determination of in silico
Ppharmacokinetics,

bioactivity, toxicity

properties: The computational estimation
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for rosmarinic acid was accomplished
through the online software: Molinspiration
(https://www.molinspiration).com/),  Pre-
ADMET and prediction of ADME/Tox
(https://preadmet.bmdrc.kr/), and SwissADME
(https://swissadme.ch). Estimation of drug-

like parameters such as polar surface area,

logP, number of hydrogen bonds,
bioactivity score for the most significant
drug targets was performed. The
assessment of absorption, distribution,
metabolism, and excretion is paramount to
the understanding of the behaviour of the
drug molecule. Parameters such as the
ability of the drug to reach the target site in
sufficient concentration and its period of
bioactivity were assessed by Pre-ADMET.
SwissADME, an online tool providing free
models  for

access to  predictive

pharmacokinetics, physicochemical
properties, medical chemistry and drug-
likeness. The physicochemical parameters
analyzed give a global description of the
structure. Toxicity studies were evaluated
by in silico model using ADMETox
prediction software Pentium IV processor.
The molecule was drawn and subjected for
evaluation of toxicity including neurotoxicity,
oncogenicity, immunotoxicity, teratogenicity,
etc.

Preparation through Biovia Discovery
Studio Visualizer: This software suite was
used for analysis

and evaluated by

removing water molecules, altering missing

atoms in incomplete residues, modelling
missing loop regions, deleting alternate
conformations, and protonating titratable
residues. After suitable changes, the crystal
structure of the protein was saved in .pdb
format. This protein molecule was used for
docking.

Preparation of Grid Parameter File: The
active site residues used for docking was
taken from literature - ASP69, ASP352,
GLU277 [14]. Grid maps were generated
with spacing of 0.375 A to allow ligand
binding. The dimension of the grid was
adjusted to 50 x 50 x 50 points. The maps
were then analyzed by Auto Grid and the
interaction energy at each grid point of the
protein was assigned. The interaction
energy between every ligand atom and
receptor was calculated for the entire
binding site. AutoDock Vina was used for
docking.

Statistical analysis: Analysis was carried
out by using one-way analysis of variance
(ANOVA) followed by Dunnett’s test.
Results are expressed as mean + SEM. P
values < 0.05 were considered significant.
RESULTS AND DISCUSSION

In vitro evaluation of anti-diabetic
potential: The human body requires energy
to complete essential metabolic operations
that keep it alive. Glucose, a basic
carbohydrate that works as a key fuel in the
generation of energy in brain, muscles and
other organs,

provides this energy.
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Glycoproteins and glycolipids use glucose
as a building block. A high quantity of
glucose in the body can cause a variety of
complications, some of which can be fatal.
This, in turn, is maintained by the
homeostasis. ~ Diabetes  mellitus s
characterised by elevated glucose levels
and abnormal glucose metabolism. Insulin
shortage or resistance causes increased
blood glucose, leading in decreased glucose
utilisation in insulin-dependent tissues such
as the liver and muscle tissues, which
require insulin for glucose absorption [15].
In vitro inhibition of glucose diffusion:
Glucose uptake transport systems are
abundant in animal cells as they perform an
important function in transportation of
glucose molecules across the cell
membrane. The study of glucose absorption
by body cells is crucial because it aids in
the diagnosis of illnesses and metabolic
disorders such as myocardial ischemia,
diabetes, and cancer [15]. The glucose
diffusion tests were performed in order to
examine the anti-diabetic effect of QIE.
This resulted in varying levels of glucose
form the 30™ min absorbance up to 180"
min absorbance as shown in the Figure 1.
From results obtained it is very
evident that QIE helps in delaying the
glucose diffusion for up to 60 min thereby
providing sufficient time for the system to

eliminate the glucose and prevent its uptake

into the cells of the body. Although a

healthy individual requires glucose and
individual who is obese, or diabetic may
have repercussions. In such cases, QIE can
be employed to delay glucose diffusion
(Figure 1) and help in maintaining glucose-
insulin level [16, 17].

Starch

inhibitory effect:

digestion is a multi-stage process in

a-amylase

humans. The partial digestion of polymeric
substrates by salivary amylase resulted in
the formation of shorter oligomers at first.
Pancreatic amylases further hydrolyze them
in the gut, converting it to maltotriose,
maltose, and small malto-oligosaccharides.
a-amylase hydrolyzes dietary starch,
breaking it down into glucose before
absorption. In diabetics, inhibiting a-
amylase can lead to a decrease in
postprandial hyperglycemia [17]. The QIE
possesses anti-diabetic activity comparable
with the standard, acarbose (Figure 2).
Isolation of a-glucosidase inhibitory
compound and molecular docking
studies

Quantitative HPLC analysis: The major
compound in the enriched fraction after
found to be

HPLC

chromatography  was
rosmarinic ~ acid  with  the
chromatogram of the compound in the
enriched fraction and the isolated
rosmarinic acid as depicted (Figure 2). The
amount of rosmarinic acid present in 1 g of

the enriched fraction was determined from
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the calibration curve (y=3333.3x, R’ = 1.0)
(Fig 3) and found to be 45349.1 mg.
a-glucosidase inhibitory effect:
Saccharides present in the food are
converted to glucose through the action of
a-glucosidase. This contributes to an
increase in blood glucose levels. The
enriched fraction and rosmarinic acid were
found to inhibit a-glucosidase (Table 1),
and hence could serve in the postprandial
management of diabetes mellitus Type 2. It
was also noticed that the percent of
inhibition in vitro was more pronounced
when compared to acarbose.

Docking studies: Molecular docking was
performed to understand the interaction
between a-glucosidase from
Saccharomyces cerevisiae and rosmarinic
acid. The yeast enzyme, isomaltase (Figure
4) was chosen as the experimental model
due to its similarity in substrate specificity,
inhibitor sensitivity and pH optima [18]
when compared to human glucosidase and
has been used to understand the mechanism
of action of human glucosidase. Maximum
homology was obtained for isomaltase
3AJ7. Homology study was done as the 3D
structure of yeast a-glucosidase was not
available. MAL12 (S. cerevisiae isomaltase
(PDB ID: 3AJ7, Chain A) was used as the
template for building the 3D structure of
yeast a-glucosidase as it possessed 99%

query coverage and 72% similarity when

compared to the enzyme (Figure 5).

Evaluation of the accuracy of the structure
and the Ramachadran plot was confirmed
using PROCHECK (Figure 5). The
Ramachandran plot indicated that 88.8% of
residues were discovered in the most
favoured areas, 10.6% were found in other
allowed regions, 0.4% were seen in
generously allowed regions, and just 0.2%
occurred in the disallowed regions.
Preparation of ligand molecule: NCBI
PubChem database

(https://pubchem.ncbi.nlm.nih.gov/) was

used to obtain the 3D structure of
rosmarinic acid (PubChem CID: 5281792).
The ligands were retrieved in 3D structure
in “.sdf” format. This was then converted
into “.pdb” format through online SMILES
Translator

(https://cactus.nci.nih. gov/translate/)

(Berman et al., 2000). The converted files
were downloaded in “.pdb” format. These
“pdb” files were used to run different tools
and software’s (Figure 6).

Determination of in silico
pharmacokinetics, bioactivity, toxicity
properties: The computational calculation
for rosmarinic acid was executed through
online software: Molinspiration
(https://www.molinspiration).com/),  Pre-
ADMET and prediction of ADME/Tox
(https://preadmet.bmdrc.kr/), and

SwissADME

(https://swissadme.ch).

Rosmarinic acid (Figure 6) was analyzed

for pharmacokinetic properties and drug
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likeness following the Lipinski’s rule of
five (Figure 7) The molecular weight of
the selected drug falls in the appropriate
range of < 500) Da. This is an important
parameter to easy absorption, diffusion and
transportation in comparison to high
molecular weight compounds. The MLogP
(octanol/ water partition coefficient), used
to determine lipophilic efficiency was also
found to be within permissible range as per
Lipinski’s rule. The logP value of the
octanol-water partition coefficient is critical
in rational drug design and QSAR
investigations. Calculating the logP value is
needed to determine the hydrophobicity of
a drug candidate as hydrophobicity affects
the drugs distribution throughout the body.
TPSA (Topological Polar Surface Area) is
a metric that measures the polarity of
substances and is used to assess drug
transport  abilities. Molecular volume
evaluates a transport capability of the
compound in areas like penetration of
blood-brain barrier. The flexibility is
determined by the amount of rotatable
bonds, which leads to strong binding
affinity with the binding pocket.

The bioactivity score provides evidence of
the binding of the drug molecule. This
parameter is important for the development
of drug possessing increased binding
selectivity and less side effects. Bioactivity

score greater than 0.00 indicates that the

drug has significant biological activity,

while scores of 0.5 - 0.00 and less than -
0.50 is said to be moderately active and
inactive respectively [19]. Rosmarinic was
found to have biological activity as
inhibitor of proteases and as a nuclear
receptor ligand and GPCR ligand (Figure
9).

The goal of medicinal chemistry
findings is to help drug discovery activities
on a daily basis. As a result, the
SwissADME programme provides two
complimentary pattern recognition filters
(PAINS and Brenk) that permit the
detection of possibly challenging segments
in the molecules under investigation. The
programme generates warnings if any of
the listed fragments are detected in the
molecule under investigation. 1 alert for
catechol was produced in PAINS and 2
alerts corresponding to catechol and
micheal acceptor 1 was generated by
Brenk (Figure 10). In terms of these
metrics, rosmarinic acid showed a low
gastrointestinal absorption ability, which is
consistent with the basicity of the molecule,
as well as appropriate skin permeability
values of -6.82 cm/s. Rosmarinic acid may
act as a P-glycoprotein (P-gp) inhibitor
rather than a substrate in terms of
absorption. This is significant because P-
glycoprotein is an efflux transporter that
acts as an absorption barrier in a variety of

compartments, including the
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gastrointestinal membranes and lumen
wall, as well as the membranes of the brain.
To avoid development failure, most
pharmaceutical firms have developed a
series of in vitro ADME/Tox screens with
the goal of eliminating compounds in the
initial phase of discovery that could
probably fail later. Even while early stage
in vitro ADME decreases the likelihood of
development stage failure, however this
process is still laborious and expensive
(Table 3). Rosmarinic acid is a non-

mutagen when tested using the Ames test

and is generally nontoxic. It is not probable
to toxicity except for hERG inhibition.

The docking of rosmarinic acid with
protein target was studied using AutoDock
Vina and Biovia Discovery Studio Client
2020. Software indicated that the ligand
possessed minimum binding energy for
active site of -7.72 kcal/mol. The binding
free energy (AG) between the ligand and
receptor is -19.14 kcal/mol indicating
inhibition of a- glucosidase by rosmarinic

acid (Figure 11).

Inhibition of glucose uptake
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% inhibition

0 30 60

—&— Metformin
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Time in minutes

QlE

Figure 1: Graphical representation of the effect of QIE on the movement of glucose out of dialysis tube for every 30

min for 180 min

Alpha amylase inhibition assay

80
70
60
50
40
30
20
10

% inhibition

0 100 200

300 400 500 600

Concentration (ug/ml)

—@— Acarbose

QIE

Figure 2: Inhibition of a-amylase by QIE in comparison to the standard drug Acarbose
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Figure 3: H PLC chromatogram of standard rosmarinic acid (a) and enriched fraction no 6, illustrating the peak of
rosmarinic acid against the retention time
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Figure 4: Calibration curve of standard rosmarinic acid as obtained from the HPLC chromatogram

Table 1: IC50 of the analyzed samples on the enzyme a-glucosidase

Samples IC50 (ng/ml)
Acarbose 81.9+4.6
Methanolic extract 1.75 £ 0.31
Water fraction Absence of inhibition up to 500 pg/ml
Sub fraction 6 0.72 £ 0.04
Rosmarinic acid 0.27 £0.05
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Figure 5: Crystal structure of isomaltase in complex with isomaltose. Binding site of Ca’* ion can be observed. This
3D model was generated for the highest similarity to determine biological property
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Figure 6: Confirmation of accuracy of the structure by the Ramachandran plot using PROCHECK
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o
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Figure 7: Structure of Rosmarinic acid; 2D (A) and 3D (B)
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®
oo Water Solubility
Log S (ESOL) 344
Solubility 1.31e-01 mg/ml ; 3.63e-04 mol/l
R 1 Class Soluble
B \ Log S (Ali) -5.04
| \ Solubility 3.32e-03 mg/ml ; 9.22e-06 mol/l
b = y _ T Class Moderately soluble
m ° T~ Log S (SILICOS-IT) 217
Solubility 2.41e+00 mg/ml ; 6.70e-03 mol/l
Class Soluble
' Pharmacokinetics
SMILES 0=C(OC(C(=0)0)Cc1ccc(c(c1)0)0)C=Ccicce(c(c1)0)0 Gl absorption Low
Physicochemical Properties BBB permeant No
Formula C18H1608 P-gp substrate No
Molecular weight 360.31 g/mol CYP1A2 inhibitor No
Num. heavy atoms 2% CYP2C19 inhibitor No
Num. arom. heavy atoms 12 CYP2C9 inhibitor No
Fraction Csp3 011 CYP2DS inhibitor No
Num. rotatable bonds r 4 CYP3A4 inhibitor No
Num. H-bond acceptors 8 Log K, (skin permeation) 80 i
Num. H-bond donors 5
Molar Refractivity 91.40 LTI
TPSA 14452 s Lipinski Yes; 0 violation
Lipophilicity SHos9 Yes
Log Py, (LOGP) 117 Veber No; 1 violation: TPSA>140
X Egan No; 1 violation: TPSA>131.6
Log Py, (XLOGP3) 2.36
Muegge Yes
Log Pon, (WLOGF) 165 Bioavailability Score 0.56
Log Poy, (MLOGP) 0.90 Medicinal Chemistry
Log Py, (SILICOS-IT) 1.50 PAINS 1 alert: catechol_A
Consensus Log Py, 1.52 Brenk 2 alerts: catechol, michael_acceptor_1
Leadlikeness No; 1 violation: MW=>350
Synthetic accessibility 338
Figure 10: Drug likeness — PreADMET prediction
Table 3: Toxicity profile of rosmarinic acid
Model ID Value Model ID Value
Algae_at 0.0102013 Medaka_at 0.0157562
Ames_test Non-mutagen Minnow_at 0.0242226
Carcino_mouse Negative TA100 10RLI Negative
Carcino_rat Positive TA100_ NA Negative
Daphania_at 0.0917228 TA1535_10RLI Negative
hERG inhibition Medium risk TA1535 NA Negative

A)

(B)

Figure 11: Docking result of rosmarinic acid with the active site residues (A), Ligand interaction at active site
showing protein groups, interface groups and interacting receptors (B)
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CONCLUSION

The anti-diabetic potential of galls
of Quercus infectoria and the primary
active ingredient rosmarinic acid has been
described for the first time. Furthermore,
the in silico binding investigation of
rosmarinic acid with a-glucosidase enzyme
from S. cerevisiae was described in this
work.
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