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ABSTRACT
Objective: An investigation on Aldose Reductase Enzyme (ALR) inhibitory
activity of apigenin (API) isolated from Morus indica L. was evaluated
by ex vivo and molecular docking studies. Materials and Methods:
The inhibitory efficacy of API from M. indica was evaluated against ALR
in lens tissue of mice by ex vivo and their binding mechanism through
molecular docking was carried out by AutoDock. Results: The API (10-50
µg mL-1) concentration exhibited significant inhibition (p ≤ 0.05) of ALR
enzyme in a dose dependent manner with IC50 value of 39.23 µg mL-1.
The positive control aminoguanidine (AG) at 10 mM inhibited 42.96%
of ALR. The molecular docking studies revealed that API showed better binding energy (-9.15 kJ mol-1) when compared to AG (-3.78 kJ mol1
). Molecular interaction analysis showed that API interrupts the proton donation mechanism which is necessary for the catalytic activity of

ALR by forming H-bond with Trp20 (proton donor). Conclusion: The
ALR inhibition potential offered by API was further confirmed through
molecular docking studies. The present findings support the pharmacological
application of API for the treatment of diabetes cataract.
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INTRODUCTION
The accumulation of polyols within human eye lens is a primary contributing factor in cataract formation. Some tissues of the body, including
the eye lens, do not require the action of insulin for glucose or other
simple sugars like galactose to enter into cells.1 In diabetes, the concentration of the sugar is high in the aqueous humour and can diffuse
passively into the lens.2 The enzyme aldose reductase in the eye lens
converts glucose and galactose into sorbitol and galactitol respectively.
These polyols cannot readily diffuse out of the lens, which results in the
accumulation of oxidative stress thereby leading to hemolysis.3
In recent years, the identification of novel molecules by modern computational approaches, based on the three-dimensional structure of
the therapeutic target, has increased. Particularly, molecular docking
simulations, employed in the computer-aided drug discovery, aid in the
prediction of small, promising molecules based on the binding structure
of the ligand to its receptor.4 The evaluation of ligand orientation and the
stability of the receptor-ligand complex is an essential factor in modern
computer-aided drug designing process that can be useful for developing
potential drug candidates and also for understanding the binding nature.5
A number of compounds, both natural and synthetic, have been found
to inhibit aldose reductase. Currently, only the carboxylic acid epalrestat,
an Aldose Reductase Inhibitor (ARI), is available on the market and is
used for the treatment of diabetic neuropathy in Japan, India and China.6
Due to the undesirable side effects of available drugs from natural sources
which act against diabetic cataract are being investigated which is still
essential.7-8
In our laboratory, various medicinal plants such as Moringa oleifera,
Ficus benghalensis and Morus indica (MI) varieties have been screened

for their proximate composition, phytochemical profile,9 antioxidant,10
anti-hypercholesterolemic,11 antimutagenic,12 anti-diabetic13 and protease
activities in both in vitro and ex vivo models.14 Further, pre-clinical and
clinical studies were carried out for their possible mechanisms of
antidiabetic action of Ficus racemosa bark and Morus indica leaves.15
In our previous studies, extract of M. indica G4 variety has shown a
potential anti-glycation effect in BSA-glucose model.16 Further, the
bioactive compounds of M. indica G4 variety were sequentially extracted,
identified and quantified by UP-LCMS. Among them, apigenin (API)
had the maximum yield and it was isolated by preparative HPLC and
characterized by FTIR, NMR and SEM. Apigenin rich extract from
M. indica has shown a potential anti-glycation effect in all the different
stages of protein glycation (unpublished data). To the best of our knowledge
and from the results of our previous studies and also, there are no reports
on the inhibitory effects of API from M. indica G4 on ALR. Hence, the
present study was aimed in evaluating the inhibitory efficacy of API from
M. indica against ALR in lens tissue of mice ex vivo and to investigate the
molecular docking of the binding mechanism of the API to ALR by
in silico model.

MATERIALS AND METHODS
Plant materials
The leaves of commercial varieties of Morus indica G4 (ISGR Reg. No.:
050564), were collected in the month of May-2016 from Central Sericulture Research and Training Institute (CSRTI), Mysore. Apigenin was
isolated from methanol extract of leaves by preparative HPLC and characterized through NMR and UP-LCMS (unpublished data).
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Chemicals

Statistical analysis

DL-glyceraldehyde, NADPH, aminoguanidine was purchased from
Sigma-Aldrich Chemicals Co. (India). All other chemicals and solvents
used were of analytical grade.

Data from three replicates of each experiment were subjected to analysis
of variance (ANOVA) using SPSS Inc. 16.0. Significant effects of treatments were determined by F values (p ≤ 0.05). Treatment means were
separated by Tukey’s HSD test.

Animals
Healthy adult Swiss Albino mice (25-50 g) aged between 2 to 3 months,
were taken for the study. They were housed under standard environmental
conditions [12 h light and 12 h dark cycle, 25±30 °C, 35-60 % relative
humidity] in polypropylene cages and maintained on commercial rat
chow ad-libitum. All animals had free access to water. The experimental
protocol was approved by the Institutional Animal Ethics Committee of
University of Mysore, Manasagangotri, Mysuru. (Animal Sanction
Order No: UOM/IAEC/06/2017).
Crude ALR was prepared as follows: Lenses were removed from Swiss
albino mice (Body weighing 25-50 g) and frozen at -70 °C until use.
Non-cataractous clear lenses were pooled and a homogenate was prepared
in 0.1 M phosphate buffered saline (pH 6.2). The ALR homogenate was
then centrifuged at 10,000 g for 20 min at 4°C in a refrigerated centrifuge.
The supernatant was collected and used as ALR.17

Inhibition of aldose reductase enzyme by apigenin
The inhibitory activity of the API on ALR was carried out using all the
optimized data, in a 1 mL cuvette with optimize amount of enzyme
(750 µg mL-1 protein), varying concentration of API (10-50 µg mL-1) in
50 mM sodium-potassium phosphate buffer (pH 6.0) containing 5 mM
β-mercaptoethanol, 0.7 M NADPH, 0.4 M Li2SO4 and 2.5 mM of glyceraldehyde (substrate) were taken. The reaction was initiated by addition
of glyceraldehyde and the change in the absorbance at 340 nm due to
NADPH oxidation was measured spectrophotometrically.18

Molecular docking of aldose reductase enzyme with API
and AG
Molecular Docking estimated the characterization of the binding site
between the ALR enzyme with API and AG. Docking calculation was
performed using AutoDock 4.2 tool with a semi-empirical free-energy
force.19 The crystal structure of ALR was obtained from Protein Data
Bank (PDB ID: 3RX3). The PEG molecule together with water molecules
present in the structure was removed and then polar hydrogen atoms
and Kollman united atom charges were added. An initial grid volume
(126 x 126 x 126 with 1 Å grid spacing 0.375 Å) covering all surface
of the protein was used to improve the free movement of all structures
around the protein for evaluation of binding regions. Then a smaller grid
volume (60 x 60 x 60) was used to estimate the residues binding and the
API and AG and ALR structures, were treated as rigid docking. Default
AutoDock parameters with Lamarckian Genetic Algorithm were used.
Finally, the best scoring (i.e., with the lowest docking energy or more
populated) docked model was chosen to represent the most probable
binding mode predicted.

RESULTS
Inhibition of aldose reductase enzyme by apigenin
The isolated API was evaluated for its potential to inhibit ALR enzyme
ex vivo. All the API concentrations (10-50 µg mL-1) exhibited significant
inhibition (p ≤ 0.05) of ALR in a dose-dependent manner from 10% to
62%, respectively (Figure 1). The IC50 value was found to be 39.23 µg mL-1.
The positive control (AG) offered 50% inhibition to ALR at 5.15 mM
concentration.

Molecular docking of aldose reductase enzyme with API
and AG
Docking results with the free binding energy, ligand efficiency inhibition
constant, Van der wall energy + hydrogen bond + desolving energy,
number of hydrogen bond, bonding residues and bond length values are
listed in Table 1. Docking results API showed binding energy (-9.15 kJ
mol-1) when compared with the standard AG (-3.78 kJ mol-1). The Trp20
and Asp101 amino acid residues interacting with the API and AG with
the formation of hydrogen bonds (green dotted lines) is depicted in
Figure 2.

DISCUSSION
Many structurally diverse phytochemical components have been reported
as potent ALR inhibition (ALRI) in vitro.7 In the present study, the ALRI
by API of M. indica could is by preventing either the enzymatic conversion
of glyceraldehyde to glycerol and glucose to sorbitol, thereby replenishing

Figure 1: Inhibition of aldose reductase enzyme by apigenin from
Morus indica-G4

Table 1: Docking results of apigenin and aminoguanidine with aldose reductase enzyme
Compounds

Binding
Energy
(kJ mol-1)

Ligand
Efficiency

Inhibition
Constant

Van der Waals +
H-bond + Desolve
energy

No. of
H- bonds

Bonding residues

Bond Length
(Å)

API

-9.15

-0.46

196.65

-10.13

1

3RX3:A: TRP20:HN

2.127

AG

-3.78

-0.76

1.7

-2.22

1

3RX3:A: ASP102:OD2
4RX2:A: ASP102:OD2

2.212
2.218
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CONCLUSION
Apigenin (4′, 5,7-trihydroxyflavone) is a natural product belonging to
the flavone class that is aglycone and are attractive as a therapeutic agent
in the treatment of diabetic complications since there is no toxicity. In
this context, we have been investigating aldose reductase inhibitors to
prevent diabetic cataract in animals. Thus, we have successfully isolated
and purified the aldose reductase inhibitor from Morus indica as
apigenin, which has demonstrated its inhibitory efficacy in lens tissues of
mice, in both ex vivo and in silico model. Further studies to confirm the
retinopathy effect using an animal model are underway.
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Figure 2: Docked pose of aldose reductase enzyme (3RX3) with apigenin
and aminoguanidine. AG: Aminoguanidine; API: Apigenin

the depletion of NADPH levels. As API showed good inhibitory activity
against ALR, it can be used to treat diabetic complication in the early
stage. Although several synthetic ALR inhibitors such as tolrestat and
sorbinil exhibit potent effects, either their use is limited, or they have
been withdrawn from clinical trials because of relatively low efﬁcacy,
poor permeation and safety issues.8 Currently known ALR inhibitors
can be classiﬁed into the four main groups based on their structures like
acetic acid derivatives (tolrestat and epalrestat), cyclic imides (sorbinil),
phenolic derivatives (quercetin) and phenylsulfonyl nitro methane
derivatives.20
Plant-derived compounds having signiﬁcant ALR inhibitory activity can
be classiﬁed into speciﬁc chemical groups such as ﬂavonoids, tannins,
phenolics, alkaloids, terpenoids, coumarins and miscellaneous compounds.
The structural requirements of ﬂavonoids for ALR inhibitory are
flavones and ﬂavonols having 7-hydroxy and catechol moiety (3’ and 4’
dihydroxy group) at the B ring exhibit strong activity and 2–3 double
bond enhances activity. Flavones and ﬂavonols have the catechol moiety
at the B ring exhibit stronger activity than those having the pyrogallol
(3’,4’,5’-trihydroxy) moiety.21 Structure requirement for phenolics with a
hydroxyl group at the 4th position was crucial for ALR inhibitory property
and also the presence of the neighbouring-methyl group in phenolics,
denature the ALR and inhibits its activity.18 ALR inhibitors including
quercetin are currently the most commonly used oral agents for their
good penetrations through cellular membranes and rapid metabolism of
sorbitol by sorbitol dehydrogenase considered for treatment of diabetic
complications.22
Molecular docking is a frequently used tool in computer-aided structurebased rational drug design. In the present study, we have demonstrated
that how API molecules called ligands and the target ALR (macromolecule) fit together by generating binding energies with 3D-structure by
using Auto Dock Tools (ADT). In the docking studies, if a compound
shows lesser binding energy compared to the standard it proves that the
compound has higher activity.23 The API showed lesser binding energy
when compared to that of standard AG and also potential binding sites
of API were very effective when compared with standard AG. By the
above study, the binding sites and docking parameters of API possess
potential ALR inhibition when compared to AG. This may be attributed
due to the differences in the position of the functional groups in that
compound. Further research in the development of API and their
derivatives as a potential drug candidate for the ALR inhibition must be
undertaken.
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