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INTRODUCTION

Insulin resistance is a condition of impaired biologic
response to insulin hormone by tissues; resulting in impaired
glucose disposal, hyperglycemia, hyperuricemia, increased
insulin production by β-cell/hyperinsulinemia, cardiovascular
disease, increased oxidative stress, cell damage, etc. [1,2]. The
consequence of prolonged insulin resistance leads to the devel-
opment of Type-2 diabetes mellitus (T2DM) and its associated
complications [3,4]. Such alarming health consequences have
medical attention towards designing drugs for treatment and
cure of insulin resistance.

One of the fundamental goals in drug design is to predict
the efficiency and efficacy of binding of a given molecule to a
target. The computational approach of drug designing has
become a powerful methodology to screen large libraries of
ligands/compounds carrying desired drug-like properties. The
techniques are gaining increasing preference by academicians,
pharmaceuticals and many organizations as they are time-saving,
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cost-effective, require comparatively fewer resources and man-
power. Such bioinformatics approaches are data-driven and
make it convenient to screen a large library of compounds/
ligands during the early stages of research by giving inform-
ative outputs in a little span of time. An effective computational
method involved in in silico drug designing technology is quant-
itative structure-activity relationship (QSAR). The QSAR
technique plays a crucial role as it relates the chemical structures/
properties of ligands to their biological activity. This technique
is considered as an efficient process in virtual screening of drug
designing as it is considered a validation tool in building mathe-
matical models, finding statistically significant correlation and
regression properties (like pIC50, pEC50, Ki, values, etc.), toxico-
logy properties, classification properties, predicting biological
properties of novel compounds, etc. [5,6].

Protein tyrosine phosphatase 1B (PTP1B) is a cytosolic
protein which is associated with the pathogenesis of insulin
resistance [7]. Higher expression of PTP1B leads to T2DM,
obesity, autoimmune diseases [8,9]. Inhibition of PTP1B has
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been observed to restore insulin signalling, thereby amelio-
rating insulin resistance [10]. Development of PTP1B inhibitors
has been a challenging task because of high polar nature of
the active site [8]. Hence, studies are now focused on develop-
ing potent inhibitors which comprises of synthetic compounds,
natural products and hybrid compounds [11].

Flavonoids are one of the largest and important class of
phytochemicals with an estimation of nearly 10,000 members
that have low-molecular weight and belong to polyphenols
[12,13]. These are secondary metabolites that is found in the
most angiospermic plant parts like bark, roots, stems, flowers
and widely available in many dietary fruits, vegetables, grains,
nuts, beverages, herbs, medicinal plants, etc. [14]. They have
gained wide popularity because they possess miscellaneous
biochemical, detoxifying agents and antioxidative properties
which are beneficial and favourable to cells. These have shown
positive effects in fighting many diseases including Alzheimer’s,
atherosclerosis, blood pressure, cancer, cardiovascular ailments,
diabetes, oxidative stress, inflammations, mutagenesis and
many metabolic syndromes [14-16]. They are found in glyco-
sylated or esterified forms. According to the variation in their
substitution patterns or derivatives, degree of unsaturation and
oxidation of the C-ring, they are classified into several subgroups
such as flavones, flavanones, flavonols, flavan-3-ols, flavan-
onols, flavanols/catechins, anthocyanins, anthocyanidins, chal-
cones, isoflavans, isoflavones, pterocarpans, etc. [14,17,18].

Flavonoids extracted from various plant sources have been
observed to be effective against PTP-1B inhibition [19-21].
They possess significant hypoglycemic effects, low toxicity
for cells and are non-competitive inhibitors of PTP-1B [22].
The structure-activity relationship (SAR) studies have shown
that their inhibitory activities are due to the presence of preny-
lated flavonoids and the prenyl group present on ring B. It has
also been observed that the presence of less polar substituents
(such as an isoprenyl group), or conversion of hydroxy group
on the structures into less polar functionalities (by methylation
or acetylation) usually enhanced the PTP-1B inhibitory activity;
however the addition of hydroxyl group was seen to decrease
the inhibitory activity [23]. A study conducted has revealed
that the nature, position and number of substituents present in
the flavonoid structure increased its ability to inhibit PTP1B.
These substituents included the presence of both 7- and 8-OMe
groups at C-7 and C-8 in ring A, together with the presence of
both 3′- and 4′-OBn groups in B ring, which significantly
improved PTP-1B inhibition. While lack of a double bond
between C2=C3, addition of a hydroxyl group to C-5 in ring
A, presence of a polar functionality (e.g. hydroxyl group) in
ring B may be responsible for weakening the activity [24,25].
However, presence of an isoprenyl or methoxyl group at C-3′
of ring B exhibited significant inhibitory activity [23]. Presence
of another 4′-OH group in ring B slightly favoured PTP-1B
inhibition [24]. Similarly the PTP-1B inhibitory activity of
isoflavonoids was observed to be exhibited due to the presence
of an isoprenyl group in the ring B and an ortho-hydroxyl
group, for example presence of 2′,4′-dihydroxy group in
ring B of isoflavanoids correlated with its inhibitory activity
[23,26].

Flavonoids improved insulin resistance by stimulating
increasing insulin sensitivity, AMPK pathway, phosphorylation
of insulin receptors and insulin receptor substrates and signi-
ficantly enhancing glucose-uptake activity [22,23]. In silico
studies of flavonoids have shown them to be potent allosteric
inhibitors of PTP1B that bring about conformational changes
and inactivate the protein [27]. Therefore, they are considered
for their therapeutic implications.

A number of SAR studies have been observed for flavo-
noids and PTP1B [21,24], however, QSAR studies of flavonoids
and PTP1B inhibition have not been reported much. QSAR is
in silico approaches that formulate simple mathematical relation-
ships between the biological activity of drug and physiological
chemical properties [28-33]. It highlights that different structural
properties of a compound contributes in a linear additive manner
to showcase its biological activity. Therefore, such studies play
a pivotal role in drug designing. This study aims for the creation,
validation and accurate estimation of QSAR models for the
prediction of the inhibition of flavonoids against PTP1B. As
preliminary step of QSAR model development, the basic
structure of compounds/flavonoids was kept similar. Relevant
chemogenomics data, containing IC50 values, were collected
from the literature databases. Chemical descriptors highligh-
ting different levels of representation of molecular structure/
parameters were retrieved from ChemDes and then correlated
with the biological property using machine learning techni-
ques. Twenty eight QSAR models (training set and test set)
with descriptors and regression coefficients were created by
using EasyQSAR software and average R2 was calculated. The
models were used for prediction of PTP1B inhibition by flavo-
noids from the test set. The ligands were further subjected to
docking for studying their binding energies with PTP1B active
site and top hits were analyzed with their molecular descriptors.

EXPERIMENTAL

Preparation of database: A list of 45 flavonoids group
(a class of polyphenols) with PTP-1B inhibitory activity (IC50)
was retrieved from literature reviews. The Canonical SMILES
of the respective flavonoid was retrieved from NCBI-PubChem.
Molecular descriptors of the flavonoid were derived using
ChemDes website (https://www.scbdd.com/chemdes).
Pharmacophore feature like molecular weight, H-bond
acceptor (HBA/naccr), H-bond donor (HBD/ndonr), no: of
rotatable bonds (nrot), number of aromatic bonds (naro), topo-
logical polar surface area (TPSA), logarithm of the molecules
partition coefficient (log P) values, IC50 and log IC50 were
tabulated for the study as depicted in Table-1.

Preparation of training set and test set: A series of
rigorous sorting was done to prepare an unbiased training set
and test set as shown in Table-2. Seven parameters were included
in study and each parameter was sorted and divided into 4 set
of ratios (50:50, 70:30, 75:25 and 25:75 ratio). As a result, a
total of 28 methods were formulated. The parameters that were
considered for model preparation were as follows: (1) Random
sorting; (2) Increasing molecular weight; (3) Increasing HBA/
naccr; (4) Increasing HBD/ndonr; (5) Increasing number of
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TABLE-1 
LIST OF 45 FLAVONOIDS WITH EXPERIMENTALLY REPORTED IC50 VALUES AND MOLECULAR DESCRIPTORS 

S. 
No. 

Compound name IC50 
(µM) 

log 
IC50 

m.w. HBA 
(naccr) 

HBD 
(ndonr) 

No. of 
rotatable 

bonds 
(nrot) 

No: of 
aromatic 

bonds 
(naro) 

TPSA log P 

1 Viscosol 13.5 1.13 388.24 7 2 6 17 98.36 4.40 
2 Penduletin 57.9 1.76 328.19 7 2 4 17 98.36 2.89 
3 5,6-Dihydroxy-3,4',7-trimethoxyflavone 32.2 1.50 328.19 7 2 4 17 98.36 2.89 
4 Kaempferol 3-O-rutinoside 20.5 1.31 564.28 15 9 6 17 249.2 -1.39 
5 Isorhamnetin3-O-robinobioside 42.9 1.63 592.29 16 9 7 17 258.43 -1.38 
6 Erybraedin A 2.4 0.38 364.27 4 2 4 12 58.92 5.72 
7 Luteolin 6.70 0.82 276.15 6 4 1 17 111.13 2.28 
8 2'-Methoxykurarinone 5.26 0.72 420.29 6 2 8 12 85.22 5.91 
9 Mulberrofuran D 4.3 0.63 412.31 4 3 8 16 73.83 7.96 
10 Mulberrofuran W 2.7 0.43 412.31 4 3 9 16 73.83 8.17 
11 Catechin 2.24 0.35 276.15 6 5 1 12 110.38 1.54 
12 Epicatechin 0.83 -0.07 276.15 6 5 1 12 110.38 1.54 
13 trans-Resveratrol 16.1 1.20 216.15 3 3 2 12 60.69 2.97 
14 Apigenin 24.76 1.39 260.16 5 3 1 17 90.9 2.57 
15 Isovitexin 17.76 1.24 412.22 10 7 3 17 181.05 0.09 
16 Vitexin 7.62 0.88 412.22 10 7 3 17 181.05 0.09 
17 Isoorientin 24.54 1.38 428.22 11 8 3 17 201.28 -0.20 
18 Orientin 57.11 1.75 428.22 11 8 3 17 201.28 -0.20 
19 Abyssinin II/5'-prenylhomoeriodictyol  40.5 1.60 348.22 6 3 4 12 96.22 4.02 
20 Parvisoflavone B 42.6 1.62 336.21 6 3 1 17 100.13 3.76 
21 Neorautenol 7.6 0.88 304.21 4 1 0 12 47.92 4.18 
22 Erybreadin D 4.2 0.62 364.27 4 1 2 12 47.92 5.69 
23 Erybreadin B 7.8 0.89 364.27 4 1 2 12 47.92 5.69 
24 Folitenol 6.4 0.80 364.27 4 1 2 12 47.92 5.69 
25 Erysubin E 8.8 0.94 380.27 5 2 2 12 68.15 4.79 
26 Erybreadin C 7.3 0.86 364.27 4 2 4 12 58.92 5.72 
27 Licoagrone 6.0 0.77 700.48 10 5 10 24 170.82 8.71 
28 Erythraddison III 4.6 0.66 332.22 5 2 4 12 75.99 3.97 
29 Erysubin F 7.8 0.89 364.27 4 2 5 17 70.67 5.88 
30 2'-Methoxykurarinone 5.26 0.72 420.29 6 2 8 12 85.22 5.91 
31 Mimulone/bonannione A 1.9 0.27 380.27 5 3 6 12 86.99 5.74 
32 3'-O-Methyldiplacone 3.9 0.59 408.28 6 3 7 12 96.22 5.75 
33 6-Geranyl-3',5,5',7-tetrahydroxy-4'-

methoxyflavanone 
5.9 0.77 424.27 7 4 7 12 116.45 5.45 

34 4'-O-Methyldiplacone 7.8 0.89 408.28 6 3 7 12 96.22 5.75 
35 3'-O-Methyldiplacol 4.9 0.69 424.27 7 4 7 12 116.45 4.72 
36 4'-O-Methyldiplacol 8.2 0.91 424.27 7 4 7 12 116.45 4.72 
37 6-Geranyl-3,3',5,5',7-pentahydroxy-4'-

methoxyflavane 
6.6 0.81 424.27 7 5 7 12 119.61 4.79 

38 Laxichalcone 20.7 1.31 380.27 5 2 3 12 75.99 5.36 
39 Macarangin 22.7 1.35 396.26 6 4 6 17 111.13 5.51 
40 Bonanniol A 15.2 1.18 396.26 6 4 6 12 107.22 4.71 
41 7,4'-dimethylkaempferol/3,5-dihydroxy-7-

methoxy-2-(4-methoxyphenyl)-4H-
chromen-4-one 

16.92 1.22 300.18 6 2 3 17 89.13 2.88 

42 (2S)-5,6,7,3',4'-Pentamethoxyflavanone 6.88 0.83 352.21 7 0 6 12 72.45 3.43 
43 3'-Hydroxy-3,5,7,4'-tetramethoxyflavone 22.25 1.34 340.20 7 1 5 17 87.36 3.2 
44 3,5-Dihydroxy-7,3',4'-trimethoxyflavone 52.64 1.72 328.19 7 2 4 17 98.36 2.89 
45 Lutein 13.691 1.13 512.43 2 2 10 1 40.46 10.40 
 

TABLE-2 
ARRANGEMENT OF COMPOUNDS IN TRAINING SET AND TEST SET 

Training set compounds Test set compounds 
Methods 

Compound No. included Compound No. included 
I (50:50) 1-23 24-45 
II (70:30) 1-32 33-45 
III (75:25) 1-34 35-45 

Random sorting 

IV (25:75) 1-12 13-45 
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I (50:50) 13, 14, 7, 11, 12, 41, 21, 2, 3, 44, 28, 20, 43, 19, 42, 
6, 22, 23, 24, 26, 29, 25, 31 

38, 1, 39, 40, 32, 34, 15, 16, 9, 10, 8, 30, 33, 35, 36, 
37, 17, 18, 45, 4, 5, 27 

II (70:30) 13, 14, 7, 11, 12, 41, 21, 2, 3, 44, 28, 20, 43, 19, 42, 
6, 22, 23, 24, 26, 29, 25, 31, 38, 1, 39, 40, 32, 34, 
15, 16, 9 

10, 8, 30, 33, 35, 36, 37, 17, 18, 45, 4, 5, 27 

III (75:25) 13, 14, 7, 11, 12, 41, 21, 2, 3, 44, 28, 20, 43, 19, 42, 
6, 22, 23, 24, 26, 29, 25, 31, 38, 1, 39, 40, 32, 34, 
15, 16, 9, 10, 8 

30, 33, 35, 36, 37, 17, 18, 45, 4, 5, 27 
Increasing 

molecular weight 

IV (25:75) 13, 14, 7, 11, 12, 41, 21, 2, 3, 44, 28, 20  43, 19, 42, 6, 22, 23, 24, 26, 29, 25, 31, 38, 1, 39, 
40, 32, 34, 15, 16, 9, 10, 8, 30, 33, 35, 36, 37, 17, 
18, 45, 4, 5, 27 

I (50:50) 45, 13, 6, 9, 10, 21, 22, 23, 24, 26, 29, 14, 25, 28, 
31, 38, 7, 8, 11,12, 19, 20, 30 

32, 34, 39, 40, 41, 1, 2, 3, 33, 35, 36, 37, 42, 43, 44, 
15, 16, 27, 17, 18, 4, 5 

II (70:30) 45, 13, 6, 9, 10, 21, 22, 23, 24, 26, 29, 14, 25, 28, 
31, 38, 7, 8, 11,12, 19, 20, 30, 32, 34, 39, 40, 41, 1, 
2, 3, 33 

35, 36, 37, 42, 43, 44, 15, 16, 27, 17, 18, 4, 5 

III (75:25) 45, 13, 6, 9, 10, 21, 22, 23, 24, 26, 29, 14, 25, 28, 
31, 38, 7, 8, 11,12, 19, 20, 30, 32, 34, 39, 40, 41, 1, 
2, 3, 33, 35, 36 

37, 42, 43, 44, 15, 16, 27, 17, 18, 4, 5 
Increasing HBA 

(naccr) 

IV (25:75) 45, 13, 6, 9, 10, 21, 22, 23, 24, 26, 29, 14 25, 28, 31, 38, 7, 8, 11,12, 19, 20, 30, 32, 34, 39, 40, 
41, 1, 2, 3, 33, 35, 36, 37, 42, 43, 44, 15, 16, 27, 17, 
18, 4, 5 

I (50:50) 42, 21, 22, 23, 24, 43, 1, 2, 3, 6, 8, 25, 26, 28, 29, 
30, 38, 41, 44, 45, 9, 10, 13 

14, 19, 20, 31, 32, 34, 7, 33, 35, 36, 39, 40, 11, 12, 
27, 37, 15, 16, 17, 18, 4, 5 

II (70:30) 42, 21, 22, 23, 24, 43, 1, 2, 3, 6, 8, 25, 26, 28, 29, 
30, 38, 41, 44, 45, 9, 10, 13, 14, 19, 20, 31, 32, 34, 
7, 33, 35 

36, 39, 40, 11, 12, 27, 37, 15, 16, 17, 18, 4, 5 

III (75:25) 42, 21, 22, 23, 24, 43, 1, 2, 3, 6, 8, 25, 26, 28, 29, 
30, 38, 41, 44, 45, 9, 10, 13, 14, 19, 20, 31, 32, 34, 
7, 33, 35, 36, 39 

40, 11, 12, 27, 37, 15, 16, 17, 18, 4, 5 
Increasing HBD 

(ndonr) 

IV (25:75) 42, 21, 22, 23, 24, 43, 1, 2, 3, 6, 8, 25 26, 28, 29, 30, 38, 41, 44, 45, 9, 10, 13, 14, 19, 20, 
31, 32, 34, 7, 33, 35, 36, 39, 40, 11, 12, 27, 37, 15, 
16, 17, 18, 4, 5 

I (50:50) 21, 7, 11, 12, 14, 20, 13, 22, 23, 24, 25, 15, 16, 17, 
18, 38, 41, 2, 3, 6, 19, 26, 28 

44, 29, 43, 1, 4, 31, 39, 40, 42, 5, 32, 33, 34, 35, 36, 
37, 8, 9, 30, 10, 27, 45 

II (70:30) 21, 7, 11, 12, 14, 20, 13, 22, 23, 24, 25, 15, 16, 17, 
18, 38, 41, 2, 3, 6, 19, 26, 28, 44, 29, 43, 1, 4, 31, 
39, 40, 42 

5, 32, 33, 34, 35, 36, 37, 8, 9, 30, 10, 27, 45 

III (75:25) 21, 7, 11, 12, 14, 20, 13, 22, 23, 24, 25, 15, 16, 17, 
18, 38, 41, 2, 3, 6, 19, 26, 28, 44, 29, 43, 1, 4, 31, 
39, 40, 42, 5, 32 

33, 34, 35, 36, 37, 8, 9, 30, 10, 27, 45 

Increasing 
number of 

rotatable bonds 
(nrot) 

IV (25:75) 21, 7, 11, 12, 14, 20, 13, 22, 23, 24, 25, 15,  16, 17, 18, 38, 41, 2, 3, 6, 19, 26, 28, 44, 29, 43, 1, 
4, 31, 39, 40, 42, 5, 32, 33, 34, 35, 36, 37, 8, 9, 30, 
10, 27, 45 

I (50:50) 45, 21, 22, 23, 24, 6, 26, 13, 25, 29, 42, 9, 10, 28, 
38, 8, 30, 31, 43, 41, 14, 19, 32 

34, 1, 2, 3, 44, 20, 40, 11, 12, 7, 39, 33, 35, 36, 37, 
27, 15, 16, 17, 18, 4, 5 

II (70:30) 45, 21, 22, 23, 24, 6, 26, 13, 25, 29, 42, 9, 10, 28, 
38, 8, 30, 31, 43, 41, 14, 19, 32, 34, 1, 2, 3, 44, 20, 
40, 11, 12 

7, 39, 33, 35, 36, 37, 27, 15, 16, 17, 18, 4, 5 

III (75:25) 45, 21, 22, 23, 24, 6, 26, 13, 25, 29, 42, 9, 10, 28, 
38, 8, 30, 31, 43, 41, 14, 19, 32, 34, 1, 2, 3, 44, 20, 
40, 11, 12, 7, 39 

33, 35, 36, 37, 27, 15, 16, 17, 18, 4, 5 Increasing TPSA 

IV (25:75) 45, 21, 22, 23, 24, 6, 26, 13, 25, 29, 42, 9 10, 28, 38, 8, 30, 31, 43, 41, 14, 19, 32, 34, 1, 2, 3, 
44, 20, 40, 11, 12, 7, 39, 33, 35, 36, 37, 27, 15, 16, 
17, 18, 4, 5 

I (50:50) 4, 5, 17, 18, 15, 16, 11, 12, 7, 14, 41, 2, 3, 44, 13, 
43, 42, 20, 28, 19, 21, 1, 40 

35, 36, 37, 25, 38, 33, 39, 22, 23, 24, 6, 26, 31, 32, 
34, 39, 8, 30, 9, 10, 27, 45 

II (70:30) 4, 5, 17, 18, 15, 16, 11, 12, 7, 14, 41, 2, 3, 44, 13, 
43, 42, 20, 28, 19, 21, 1, 40, 35, 36, 37, 25, 38, 33, 
39, 22, 23 

24, 6, 26, 31, 32, 34, 39, 8, 30, 9, 10, 27, 45 

III (75:25) 4, 5, 17, 18, 15, 16, 11, 12, 7, 14, 41, 2, 3, 44, 13, 
43, 42, 20, 28, 19, 21, 1, 40, 35, 36, 37, 25, 38, 33, 
39, 22, 23, 24, 6 

26, 31, 32, 34, 39, 8, 30, 9, 10, 27, 45 Increasing log P 

IV (25:75) 4, 5, 17, 18, 15, 16, 11, 12, 7, 14, 41, 2 3, 44, 13, 43, 42, 20, 28, 19, 21, 1, 40, 35, 36, 37, 
25, 38, 33, 39, 22, 23, 24, 6, 26, 31, 32, 34, 39, 8, 
30, 9, 10, 27, 45 
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rotatable bonds/nrot; (6) Increasing TPSA; and (7) Increasing
log P.

Formulation of QSAR models and bioactivity predi-
ction: The activities and descriptors data were loaded in the
respective fields of training set of EasyQSAR software for
multiple linear regression analysis. From the regression, the
QSAR equation was generated and the activities for each
molecule were predicted. To keep the mean deviation of data
small, log IC50 value was used as criteria to predict biological
activity. The model generated was then tested by substituting
the test set molecular descriptor data in the respective fields.
The log IC50 values were predicted for the test set data.

Docking of flavonoids with PTP1B active site: PTP1B
protein (PDB Id: 3A5J) was retrieved from RCSB Protein Data
Bank. Heteroatoms and water molecules were removed. The
protein was minimized (50:50::Steepest Descent:Conjugate
Gradient) and visualized using Ramachandran plot to check
any deformity. Grid box was prepared along the active site.
Ligands (flavonoids class) mentioned in Table-1 were retrieved
from NCBI-PubChem. The protein and ligands were prepared
for docking through Autodock Vina with parameters center_x
= 27.956, center_y = -13.821, center_z = -10.245, size_x =
40, size_y = 40, size_z = 40 and exhaustiveness =8.

RESULTS AND DISCUSSION

QSAR models were developed employing multiple linear
regression to calculate the predicted log IC50 value for the 45
flavonoids molecules and PTP1B protein. Since all the comp-
ounds used for study were flavonoids/isoflavonois, the basic
structure was similar. It was based on methods of grouping
and random sorting. Amongst all pharmacophoric features, it
was observed that model generated from increasing hydrogen
bond donor (ndonr) showed highest R2 value of 92.45% signi-
fying its role in flavonoid activity. This was followed by increa-
sing molecular weight with R2 value of 91.85%. The following
models were developed and could be used to predict Log IC50

values of the flavonoids group in the test set. The differences
in experimental IC50 values and predicted data were observed
to be small [34-36]. Substituting the molecular descriptors in
the desired equations would be beneficial to obtain log IC50

values of flavonoids against PTP1B. The best fit model and
equation generated for each parameter has been represented
below in detail.

Random sorting: Among randomly sorting of data, model
generated from 25:75 ratio gave maximum R2 value (92.08%).
The model equation and graph (Fig. 1) generated from QSAR
analysis for prediction of log IC50 is as follows:

log IC50 = -1.148594381348E+000 + -1.882063114396E-
003*(MW) + 4.339568484289E-001*(HBA) +
-6.045221947662E-002*(HBD) + -2.817902080750E-
003*(nrot) + 1.135939457720E-001*(naro) +
-1.709118879717E-002*(TPSA) + 4.195579049184E-
002*(log P)

The difference between the actual and predicted values
of log IC50 of Training set and Test set is depicted in Table-3.

1.5

1.4

1.3

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

A
ct

ua
l 

-0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Predicted

Predicted line

Activity data

Fig. 1. QSAR plot for random sorting

Increasing molecular weight: The model generated from
25:75 ratio was observed to posses maximum R2 value (91.85%).
The model equation and graph (Fig. 2) generated from QSAR
analysis for prediction of log IC50 is as follows:

log IC50 = -8.147055888781E+000 + 1.393057856713E-
002*(MW) + 9.357902770319E-001*(HBA) +
2.045002703142E+000*(HBD) + 3.005383235447E-
001*(nrot) + 5.906511654000E-001*(naro) + -
1.705363036990E-001*(TPSA) + 2.040391077355E-
002*(log P)
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Fig. 2. QSAR plot for increasing molecular weight

The difference between the actual and predicted values
of log IC50 of Training set and Test set is depicted in Table-4.

Increasing hydrogen bond acceptor/HBA (naccr): The
model generated from 25:75 ratio possessed maximum R2 value
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(84.19%). The model equation and graph (Fig. 3) generated
from QSAR analysis for prediction of log IC50 is as follows:

log IC50 = 8.355813406245E-001 + -1.224265114555E-
003*(MW) + -8.067713144688E-001*(HBA) + -
2.159242933781E-001*(HBD) + -3.061861913292E-
001*(nrot) + -4.493520892915E-002*(naro) +
6.322034879058E-002*(TPSA) + 3.386840954241E-
001*(log P)

The difference between the actual and predicted values
of log IC50 of Training set and Test set is depicted in Table-5.

Increasing hydrogen bond donor/HBD (ndonr): The
model generated from 25:75 ratio showed highest R2 value
(92.45%). The model equation and graph (Fig. 4) generated
from QSAR analysis for prediction of log IC50 is as follows:

log IC50 = 1.475493700183E+000 + 1.212467003312E-
002*(MW) + -1.938945338211E+000*(HBA) + -
1.785729044976E+000*(HBD) + -1.892366013071E-
001*(nrot) + -6.584223100447E-002*(naro) +
1.663790516228E-001*(TPSA) + -4.263616557878E-
001*(log P)

The difference between the actual and predicted values
of log IC50 of Training set and Test set is depicted in Table-
6.

Increasing number of rotatable bonds (nrot): The models
generated from the parameter showed few erroneous values.
50:50 ratio showed highest R2 value (53.90%). The model
equation and graph (Fig. 5) generated from QSAR analysis
for prediction of log IC50 is as follows:

TABLE-3 
TRAINING SET AND TEST SET VALUES 

Training set Test set 

No. Actual 
log IC50 

Predicted 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference 

1 1.13 1.46 0.33 13 0.01 1.206 1.196 30 0.68 0.72 0.04 
2 1.76 1.51 -0.25 14 0.83 1.393 0.563 31 0.22 0.278 0.058 
3 1.51 1.51 0 15 0.82 1.249 0.429 32 0.45 0.591 0.141 
4 1.31 1.35 0.04 16 0.82 0.881 0.061 33 0.43 0.77 0.34 
5 1.63 1.57 -0.06 17 0.81 1.389 0.579 34 0.45 0.892 0.442 
6 0.38 0.37 -0.01 18 0.81 1.756 0.946 35 0.40 0.69 0.29 
7 0.83 0.82 -0.01 19 0.49 1.607 1.117 36 0.40 0.913 0.513 
8 0.72 0.68 -0.04 20 1.02 1.629 0.609 37 0.29 0.819 0.529 
9 0.63 0.50 -0.13 21 0.67 0.88 0.21 38 0.47 1.315 0.845 

10 0.43 0.50 0.07 22 0.62 0.623 0.003 39 0.71 1.356 0.646 
11 0.35 0.17 -0.18 23 0.62 0.892 0.272 40 0.18 1.181 1.001 
12 -0.08 0.17 0.25 24 0.62 0.806 0.186 41 1.29 1.228 -0.062 

    25 0.58 0.944 0.364 42 1.48 0.837 -0.643 
    26 0.37 0.863 0.493 43 1.75 1.347 -0.403 
    27 1.71 0.778 -0.932 44 1.51 1.721 0.211 
    28 0.49 0.662 0.172 45 -1.54 1.136 2.676 
    29 0.74 0.892 0.152     

 

TABLE-4 
TRAINING SET AND TEST SET VALUES 

Training set Test set 

No. Actual 
log IC50 

Predicted 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference 

1 1.21 1.21 0 13 1.90 1.347 -0.553 30 1.34 1.249 -0.091 
2 1.39 1.18 -0.21 14 0.42 1.607 1.187 31 1.34 0.881 -0.459 
3 0.83 0.93 0.1 15 -0.08 0.837 0.917 32 6.90 0.633 -6.267 
4 0.35 0.14 -0.21 16 3.12 0.38 -2.74 33 7.21 0.431 -6.779 
5 -0.08 0.14 0.22 17 2.35 0.623 -1.727 34 2.49 0.72 -1.77 
6 1.23 1.54 0.31 18 2.35 0.892 -1.458 35 2.49 0.72 -1.77 
7 0.88 0.88 0 19 2.35 0.806 -1.544 36 1.94 0.77 -1.17 
8 1.76 1.59 -0.17 20 3.12 0.863 -2.257 37 1.92 0.69 -1.23 
9 1.51 1.59 0.08 21 4.37 0.892 -3.478 38 1.92 0.913 -1.007 

10 1.72 1.59 -0.13 22 2.08 0.944 -1.136 39 3.43 0.819 -2.611 
11 0.66 0.66 0 23 2.14 0.278 -1.862 40 1.09 1.389 0.299 
12 1.63 1.63 0 24 1.06 1.315 0.255 41 1.09 1.756 0.666 

    25 3.06 1.13 -1.93 42 1.86 1.136 -0.724 
    26 4.17 1.356 -2.814 43 1.47 1.311 -0.159 
    27 1.87 1.181 -0.689 44 1.53 1.632 0.102 
    28 2.19 0.591 -1.599 45 9.42 0.778 -8.642 
    29 2.19 0.892 -1.298     
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TABLE-5 
TRAINING SET AND TEST SET VALUES 

Training set Test set 

No. Actual 
log IC50 

Predicted 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference 

1 1.14 1.14 0 13 0.69 0.944 0.254 30 -0.43 1.762 2.192 
2 1.21 1.20 -0.01 14 0.35 0.662 0.312 31 -0.43 1.507 1.937 
3 0.38 0.63 0.25 15 0.76 0.278 -0.482 32 0.33 0.77 0.44 
4 0.63 0.65 0.02 16 1.07 1.315 0.245 33 0.08 0.69 0.61 
5 0.43 0.42 -0.01 17 1.52 0.826 -0.694 34 0.08 0.913 0.833 
6 0.88 0.93 0.05 18 -0.55 0.72 1.27 35 0.09 0.819 0.729 
7 0.62 0.75 0.13 19 1.23 0.351 -0.879 36 -1.88 0.837 2.717 
8 0.89 0.75 -0.14 20 1.23 -0.079 -1.309 37 -1.13 1.347 2.477 
9 0.81 0.75 -0.06 21 0.60 1.607 1.007 38 -0.43 1.721 2.151 

10 0.86 0.63 -0.23 22 1.47 1.629 0.159 39 0.55 1.249 0.699 
11 0.89 0.90 0.01 23 -0.55 0.72 1.27 40 0.55 0.881 0.331 
12 1.39 1.38 -0.01 24 0.20 0.591 0.391 41 0.44 0.778 0.338 

    25 0.20 0.892 0.692 42 0.68 1.389 0.709 
    26 0.94 1.356 0.416 43 0.68 1.756 1.076 
    27 0.65 1.181 0.531 44 -1.22 1.311 2.531 
    28 0.13 1.228 1.098 45 -1.7 1.632 3.332 
    29 -0.61 1.13 1.74     

 

TABLE-6 
TRAINING SET AND TEST SET VALUES 

Training set Test set 

No. Actual 
log IC50 

Predicted 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference 

1 0.84 0.84 0 13 0.38 0.863 0.483 30 2.26 0.826 -1.434 
2 0.88 1.02 0.14 14 1.64 0.662 -0.978 31 0.84 0.77 -0.07 
3 0.62 0.73 0.11 15 1.75 0.892 -0.858 32 1.15 0.69 -0.46 
4 0.89 0.73 -0.16 16 0.72 0.72 0 33 1.15 0.913 -0.237 
5 0.81 0.73 -0.08 17 1.82 1.315 -0.505 34 1.39 1.356 -0.034 
6 1.35 1.35 0 18 1.82 1.228 -0.592 35 1.41 1.181 -0.229 
7 1.13 1.27 0.14 19 1.56 1.721 0.161 36 0.99 0.351 -0.639 
8 1.76 1.56 -0.2 20 0.58 1.136 0.556 37 0.99 -0.079 -1.069 
9 1.51 1.56 0.05 21 -0.32 0.633 0.953 38 2.89 0.778 -2.112 

10 0.38 0.38 0 22 -0.60 0.431 1.031 39 -0.14 0.819 0.959 
11 0.72 0.72 0 23 0.58 1.206 0.626 40 2.98 1.249 -1.731 
12 0.94 0.94 0 24 2.29 1.393 -0.897 41 2.98 0.881 -2.099 

    25 1.45 1.607 0.157 42 2.94 1.389 -1.551 
    26 2.31 1.629 -0.681 43 2.94 1.756 -1.184 
    27 1.13 0.278 -0.852 44 2.96 1.311 -1.649 
    28 0.88 0.591 -0.289 45 2.71 1.632 -1.078 
    29 0.88 0.892 0.012     
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Fig. 3. QSAR plot for increasing hydrogen bond acceptor
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Fig. 4. QSAR plot for hydrogen bond donor

Vol. 34, No. 4 (2022) QSAR Studies of Flavonoids and Isoflavonoids with PTP1B  1033



1.5

1.4

1.3

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

A
ct

u
al

 

-0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Predicted

Predicted line

Activity data

Fig. 5. QSAR plot for number of rotatable bonds

log IC50 = -2.299946542936E-001 + -1.444328255063E-
003*(MW) + -3.375857369391E-001*(HBA) +
-5.832937098851E-001*(HBD) + 1.164874435960E-
002*(nrot) + 2.134752195629E-002*(naro) +
5.037592655117E-002*(TPSA) + 1.414719064400E-
001*(log P)

The difference between the actual and predicted values
of log IC50 of Training set and Test set is depicted in Table-7.

Increasing TPSA: The models generated from 25:75 ratio
showed highest R2 value (64.91%). The model equation and

TABLE-7 
TRAINING SET AND TEST SET VALUES 

Training set Test set 

No. Actual log IC50 Predicted log IC50 Difference No. Predicted log IC50 Actual log IC50 Difference 
1 0.88 0.66 -0.22 24 1.54 1.721 0.181 
2 0.83 1.31 0.48 25 1.54 0.892 -0.648 
3 0.35 0.48 0.13 26 1.61 1.347 -0.263 
4 -0.08 0.48 0.56 27 1.69 1.13 -0.56 
5 1.39 1.27 -0.12 28 1.43 1.311 -0.119 
6 1.63 1.46 -0.17 29 1.30 0.278 -1.022 
7 1.21 0.45 -0.76 30 1.65 1.356 -0.294 
8 0.62 0.81 0.19 31 1.23 1.181 -0.049 
9 0.89 0.81 -0.08 32 1.36 0.837 -0.523 

10 0.81 0.81 0 33 1.53 1.632 0.102 
11 0.94 0.76 -0.18 34 1.40 0.591 -0.809 
12 1.25 1.25 0 35 1.44 0.77 -0.67 
13 0.88 1.25 0.37 36 1.40 0.892 -0.508 
14 1.39 1.28 -0.11 37 1.33 0.69 -0.64 
15 1.76 1.28 -0.48 38 1.33 0.913 -0.417 
16 1.31 1.24 -0.07 39 0.92 0.819 -0.101 
17 1.23 1.44 0.21 40 1.45 0.72 -0.73 
18 1.76 1.54 -0.22 41 1.35 0.633 -0.717 
19 1.51 1.54 0.03 42 1.45 0.72 -0.73 
20 0.38 0.81 0.43 43 1.40 0.431 -0.969 
21 1.61 1.21 -0.4 44 2.93 0.778 -2.152 
22 0.86 0.81 -0.05 45 0.84 1.136 0.296 
23 0.66 1.13 0.47     

 

graph (Fig. 6) generated from QSAR analysis for prediction
of log IC50 is as follows:
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Fig. 6. QSAR plot for increasing TPSA

log IC50 = 1.879923501054E+000 + -1.182651572300E-
002*(MW) + -3.847382347768E-001*(HBA) +
-7.331844373978E-001*(HBD) + -1.960444079892E-
001*(nrot) + -1.685419497432E-001*(naro) +
9.834094869424E-002*(TPSA) + 5.481562673534E-
001*(log P)

The difference between the actual and predicted values
of log IC50 of Training set and Test set is depicted in Table-8.
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Increasing log P: The models generated from the para-
meter showed few erroneous results. The 75:25 ratio showed
highest R2 value (52.28%). The model equation and graph (Fig.
7) generated from QSAR analysis for prediction of log IC50 is
as follows:

log IC50 = -3.195217933120E-001 + 1.128626176899E-
003*(MW) + -3.694893472011E-001*(HBA) + -
5.054256892924E-001*(HBD) + -3.294522201189E-
002*(nrot) + 4.973510989186E-002*(naro) +
4.235483043750E-002*(TPSA) + 2.492750505962E-
002*(log P)
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Fig. 7. QSAR plot for increasing log P

The difference between the actual and predicted values
of log IC50 of Training set and Test set is depicted in Table-9.

Docking of flavonoids and PTP1B active site: Table-10
shows the docking results of flavonoids with PTP1B active
site and WPD loop. Fig. 8 shows the 2-dimensional docking
posses of top 10 ligands. Many of the flavonoids interacts with
key residues such as Tyr46, Ser216, Ala217, Arg221, Gln262.
These residues play a crucial role in the protein functioning
and thus have been targeted for drug development [37,38].
Previous studies have highlighted that HBD, HBA, molecular
weight are molecular structure based descriptors that have been
used to study inhibitors [39,40]. Comparing the docking results
with the molecular descriptor properties provided in Table-1,
molecular weight and HBD capability were observed to affect
binding results. Vitexin (m.w. = 412.22, HBD = 7), orientin
(m.w. = 428.22, HBD = 8), abyssinnin II (m.w. = 348.23, HBD
= 3), neorautenol (m.w. = 304.22, HBD = 1), erythraddison
III (m.w. = 332.23, HBD = 2), folitenol (m.w. = 364.27, HBD =
1), erysubin E (m.w. = 380.27, HBD = 2), erysubin F (m.w. =
364.27, HBD = 2), erybreadin B (m.w. = 364.27, HBD = 1),
erybreadin C (m.w. = 364.27, HBD = 2) were the top ten binding
ligands.

Conclusion

Loss of PTP1B function has been observed to be effective
in treating insulin resistance and enhancing insulin sensitivity.
As a result, studies focus on observing the molecular properties
of potent PTP1B inhibitors [41]. QSAR techniques help in
finding simple equations that are beneficial to predict unknown
properties of a given compound by studying the molecular
structure of that compound. In this study, QSAR was conducted
on some promising flavonoids that were found as potential
effective PTP1B inhibitors for the treatment of T2DM. The
study was conducted by using 45 flavonoid molecules each
with 7 descriptors. A model was generated for each descriptor
and its correlation with PTP1B inhibition was observed. They
were validated for their efficiency towards test set compounds.
The results have shown significant correlation with R2 values

TABLE-8 
TRAINING SET AND TEST SET VALUES 

Training set Test set 

No. Actual 
log IC50 

Predicted 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference 

1 1.14 1.14 0 13 0.55 0.431 -0.119 30 1.88 1.181 -0.699 
2 0.88 0.99 0.11 14 1.41 0.662 -0.748 31 2.12 0.351 -1.769 
3 0.62 0.72 0.1 15 1.79 1.315 -0.475 32 2.12 -0.079 -2.199 
4 0.89 0.72 -0.17 16 1.17 0.72 -0.45 33 2.49 0.826 -1.664 
5 0.81 0.72 -0.09 17 1.17 0.72 -0.45 34 1.86 1.356 -0.504 
6 0.38 0.69 0.31 18 1.76 0.278 -1.482 35 2.29 0.77 -1.52 
7 0.86 0.69 -0.17 19 0.93 1.347 0.417 36 1.88 0.69 -1.19 
8 1.21 1.15 -0.06 20 1.45 1.228 -0.222 37 1.88 0.913 -0.967 
9 0.94 0.91 -0.03 21 1.97 1.393 -0.577 38 1.50 0.819 -0.681 

10 0.89 0.90 0.01 22 2.12 1.607 -0.513 39 1.65 0.778 -0.872 
11 0.84 0.83 -0.01 23 1.77 0.591 -1.179 40 2.43 1.249 -1.181 
12 0.63 0.62 -0.01 24 1.77 0.892 -0.878 41 2.43 0.881 -1.549 

    25 1.18 1.13 -0.05 42 2.95 1.389 -1.561 
    26 1.45 1.762 0.312 43 2.95 1.756 -1.194 
    27 1.45 1.507 0.057 44 2.54 1.311 -1.229 
    28 1.45 1.721 0.271 45 2.54 1.632 -0.908 
    29 2.24 1.629 -0.611     
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TABLE-9 
TRAINING SET AND TEST SET VALUES 

Training set Test set 

No. Actual 
log IC50 

Predicted 
log IC50 

Difference No. Actual 
log IC50 

Predicted 
log IC50 

Difference No. Predicted 
log IC50 

Actual 
log IC50 

Difference 

1 1.31 1.39 0.08 18 1.63 1.47 -0.16 35 0.71 0.863 0.153 
2 1.63 1.41 -0.22 19 0.66 0.98 0.32 36 0.97 0.278 -0.692 
3 1.39 1.32 -0.07 20 1.61 0.98 -0.63 37 0.99 0.591 -0.399 
4 1.76 1.32 -0.44 21 0.88 0.77 -0.11 38 0.99 0.892 -0.098 
5 1.25 1.33 0.08 22 1.13 1.45 0.32 39 1.42 0.892 -0.528 
6 0.88 1.33 0.45 23 1.18 0.95 -0.23 40 1.02 0.72 -0.3 
7 0.35 0.53 0.18 24 0.69 0.97 0.28 41 1.02 0.72 -0.3 
8 -0.08 0.53 0.61 25 0.91 0.97 0.06 42 1.01 0.633 -0.377 
9 0.83 1.33 0.5 26 0.82 0.60 -0.22 43 0.98 0.431 -0.549 

10 1.39 1.34 -0.05 27 0.94 0.79 -0.15 44 2.57 0.778 -1.792 
11 1.23 1.39 0.16 28 1.31 1.10 -0.21 45 0.20 1.136 0.936 
12 1.76 1.41 -0.35 29 0.77 0.99 0.22     
13 1.51 1.41 -0.1 30 1.36 1.38 0.02     
14 1.72 1.41 -0.31 31 0.62 0.81 0.19     
15 1.21 0.48 -0.73 32 0.89 0.81 -0.08     
16 1.35 1.43 0.08 33 0.81 0.81 0     
17 0.84 1.04 0.2 34 0.38 0.71 0.33     

 

TABLE-10 
BINDING ENERGY (kcal/mol) OF FLAVONOIDS WITH PTP1B ACTIVE SITE 

S. No. Ligands (flavonoids/isofalvonoids) Binding energy 
(kcal/mol) 

RMSD (LB) RMSD (UB) 

1 Vitexin -8.2 2.947 6.197 
2 Orientin -8.1 3.016 6.278 
3 Abyssinin II -7.8 3.937 5.155 
4 Neorautenol -7.7 26.311 28.684 
5 Erythraddison III -7.6 9.313 10.215 
6 Folitenol -7.6 9.146 13.476 
7 Erysubin E -7.5 3.332 6.552 
8 Erysubin F -7.5 14.346 16.379 
9 Erybreadin B -7.4 3.921 7.895 

10 Erybreadin C -7.4 1.126 1.839 
11 Laxichalcone -7.4 3.293 6.523 
12 Erybreadin D -7.3 5.661 8.05 
13 Isovitexin -7.3 11.829 15.808 
14 Bonanniol A -7.2 9.908 14.318 
15 Epicatechin -7.2 3.709 5.335 
16 Isoorientin -7.2 11.699 15.732 
17 Macarangin -7.2 8.651 11.898 
18 Apigenin -7.1 3.406 6.238 
19 Luteolin -7.1 3.674 5.389 
20 3,5-Dihydroxy-7,3',4'-trimethoxyflavone -7 1.957 7.788 
21 Mulberrofuran D -7 2.165 5.652 
22 Parvisoflavone B -7 12.772 13.932 
23 3'-O-Methyldiplacone -6.9 10.667 13.923 
24 Catechin -6.9 3.3 5.608 
25 Viscosol -6.9 3.269 8.365 
26 3,5-Dihydroxy-7-methoxy-2-(4-methoxyphenyl)-4H-chromen-4-one -6.8 1.91 7.117 
27 Erybraedin A -6.8 2.889 4.742 
28 Penduletin -6.8 9.123 12.172 
29 3'-Hydroxy-3,5,7,4'-tetramethoxyflavone -6.7 13.763 17.376 
30 (2S)-5,6,7,3',4'-Pentamethoxyflavanone -6.5 12.781 15.114 
31 2'-Methoxykurarinone -6.5 1.977 3.394 
32 Mulberrofuran W -6.2 2.493 5.542 

 

between molecular descriptors and PTP1B inhibition. The
equation generated from increasing the number of HBD was
observed with maximum R2 value (92.45%), followed by incre-

asing molecular weight; highlighting that both the molecular
descriptors play a significant role in flavonoid activity. Docking
of the ligands with the active site of PTP1B revealed that vitexin
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B, (j) erybreadin C

Vol. 34, No. 4 (2022) QSAR Studies of Flavonoids and Isoflavonoids with PTP1B  1037



with more HBD and molecular weight showed highest binding
energy i.e. -8.2 kcal/mol. Analyzing the molecular descriptors
of top ten ligands, it was observed that increasing HBD and
molecular weight affected the binding energy with PTP1B.
The results obtained highlighted molecular descriptors present
in the flavonoids are useful for determining the inhibition of
PTP1B activity. These results obtained could be helpful for
designing drug candidates against PTP1B inhibition and have
therapeutic implications for insulin resistance.
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