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Abstract
Introduction: This work investigated the inhibition effect of 2′-hydroxy-5′-methoxyacetophenone on aldose reductase, α-amylase, and also
collagenase enzymes. Also, molecular modeling calculations were performed
comparing the biochemical activity of the 2′-hydroxy-5′-methoxyacetophenone molecule with these enzymes.
Material and methods: The enzymes used in these calculations are aldose
reductase (AR), α-amylase (Alpha-Amy), and collagenase from Clostridium
histolyticum (Coll). After the docking calculations were performed, ADME/T
analysis parameters were examined in order to calculate the properties of
the methoxyacetophenone molecule to be utilized as a drug in the future.
For determining anti-ovarian cancer properties of 2′-hydroxy-5′-methoxyacetophenone, the MTT assay was used on normal (HUVEC), PA-1, Caov-3, and
SK-OV-3 cell lines.
Results: The IC50 values of 2′-hydroxy-5′-methoxyacetophenone against PA-1,
Caov-3, and SK-OV-3 cell lines were found to be 271, 326 and 405 µg/ml,
respectively.
Conclusions: 2′-hydroxy-5′-methoxyacetophenone was found to have significant antioxidant and anti-ovarian cancer properties. It appears that the
anti-ovarian cancer effect of 2′-hydroxy-5′-methoxyacetophenone is due to
its antioxidant effects.
Key words: 2′-hydroxy-5′-methoxyacetophenone, enzymes inhibition, antiovarian cancer, molecular docking.

Introduction
As it is the first enzyme involved in the initiation of the polyol pathway, aldose reductase (AR) represents as an attractive pharmacological
target in the prevention of diabetic complications. On the other hand,
among some factors (such as AR activity) high blood sugar is related to
glycation of significant biocompounds and the organization of advanced
glycation and products, resulting in secondary complications including
visual impairment, kidney failure, ischemic heart disease, diabetes, and
stroke [1–4]. Reactive oxygen species (ROS) accumulate in the skin af-
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ter exposure, which can activate enzymes such
as collagenase and elastase that degrade and
also break down the collagen and elastin respectively. Thus, collagenase and elastase synthesis
promotes premature skin aging, as evidenced by
symptoms such as wrinkles, pallor, freckles, deep
grooves or severe atrophy, and limpness [5, 6].
α-Amylase breaks down starch via cleavage of
α-1.4 glycosidic bonds in starch molecules, thereby leading to release of products such as maltose
and glucose [7–10].
Studies in recent years show that researchers
use both experimental results and theoretical results to compare the bioactivities of compounds
[11–14]. In calculations using theoretical methods,
molecular modeling is the most popular assay utilized to compare the biological activities of compounds against enzymes. Theoretically, biochemical activities of compounds are calculated by
molecular modeling. In this way, their biochemical
activities can be compared with other molecules.
As a result, many parameters are obtained from
the interaction of molecules and enzyme. These
parameters provide important information about
the bioactivities of molecules. After the docking,
the ADME (metabolism, distribution, absorption,
toxicity, and excretion) mechanism of the molecule was performed [15].
Additionally, we extended the application of
our molecule in the bio-assay against ovarian cancer using the common ovarian cancer cell lines
PA-1, Caov-3, and SK-OV-3. We think that the results obtained in the studies will contribute to the
pharmacological applications and design of drugs
to be used for therapeutic purposes. Additionally,
In this work, we investigated the in vitro inhibition
effects of 2′-hydroxy-5′-methoxyacetophenone on
the enzymes aldose reductase, α-amylase, and
collagenase.

Material and methods
Enzyme studies
Determination of the α-amylase inhibitory property was as described by Adefegha et al.
[16] and according to the previous studies [17].
Collagenase enzyme activity of 2′-hydroxy-5′-methoxyacetophenone was investigated based on
the assay described by Wang et al. [18] with
several modifications and conforming to previous studies [19]. The supernatant part of some
of the test tube was measured at 550 nm (Tecan
Trading AG, Sunrise TW, Switzerland, Männedorf).
On the other hand, AR enzyme activity of 2′-hydroxy-5′-methoxyacetophenone was investigated
by measuring the reduction of NADPH at 340 nm
dl glyceraldehyde as the substrate and according
to prior studies [20].
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Docking studies
Studies in recent years show that the most
popular method used by researchers to compare
the bioactivities of molecules is molecular modeling [21, 22]. A comparison for their factor can be
made from the numerical value of the interactions
of enzymes with any molecule studied by molecular modeling assay. Indeed, many of these parameters are determined in the molecular docking calculations [23, 24]. Comparison of the parameters
of the compounds from the numerical value to
the biological activities is made. Aldose reductase
(AR), α-amylase (alpha-Amy), and collagenase
from Clostridium histolyticum (Coll) enzymes were
used in this work to compare the bioactivities of
the methoxyacetophenone compound.
Molecular calculations to determine the biochemical activity of the methoxyacetophenone
molecule were recorded using the Maestro Molecular docking platform by Schrödinger. Proteins
and methoxyacetophenone molecules should be
prepared for calculations using this program. In
docking calculations, a diverse process is recorded
for molecules and enzymes at each stage [25–32].

Anti-ovarian cancer studies
In this work, the ovarian cancer cell lines PA-1,
Caov-3, and SK-OV-3 were utilized to investigate
the anti-ovarian cancer and cytotoxicity effects of
2′-hydroxy-5′-methoxyacetophenone using a popular cytotoxicity test, the MTT method.
These cells were maintained in a DMEM medium with 10% bovine embryos and 1% penicillin/
streptomycin antibiotic (to prevent fungal growth).
Prerequisites for cell growth at 37°C are 5% CO2
with 95% moisture, which was provided by the
NUVE incubator (EC160 model). For MTT assay,
when the cells reached at least 70% cell growth,
they were separated from the bottom of the flask
by trypsin-ethyldiamine tetraacetic acid and centrifuged at 1700 rpm for 6-1 min. Cell precipitate
was prepared in suspension in 1 ml of culture medium. The viability of cells in cell suspension was
determined by mixing it with an equal proportion
of trypan blue and counting them with a neobar
slide under a light microscope. After confirming
that the cells were not infected, cells with a viability of more than 90% were used for testing [33].
To investigate the effect of 2′-hydroxy-5′-methoxyacetophenone on cancer cell proliferation,
the tetrazolium (MTT) salt colorimetric method
was used. For this test, 104 cells were added to
each 96-well plate well. After 24 h of incubation,
concentrations of 1–1000 μg/ml were applied to
cancer and normal cells for 24, 48, and 72 h.
After these times, 20 μl of MTT solution and
200 μl of base culture medium were added to
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each well. The plate was placed in a dark CO2 incubator at 37°C for 4 h in the dark. After this time,
100 μl of DMSO were added to each well. 492 and
630 nm optical readings were placed in the ELISA
reader (DANA model DA3200). The cell viability
was computed by the following formula [33]: Cell
viability (%) = (Sample A/Control A) × 100.

Qualitative measurement
To compare the results, in addition to the formula mentioned above, which was calculated as
an average of 5 repetitions of experiments, the results were analyzed using SPSS software version
22 and the statistical differences between the
treatments were examined by t-test and p < 0.05
was considered significant.

defense system is inhibited. This leads to oxidative stress in cells. In addition, sorbitol accumulated in the cell can cause tissue damage by causing
osmotic stress, and it also reduces the formation
of phosphoinositide signals by decreasing the
amount of myoinositol [35]. Thus, the conduction
velocity in nerve cells slows down and can lead to
various diabetic microvascular complications. The
AR inhibitors are structurally divided into three
main classes. These are: the carboxylic acid group
(epalrestat, tolrestat and zopolrestat), the cyclic
imide group (fidarestat, sorbinil), and sulfonyl nitromethane derivatives. The interactions between
the polar ends of the inhibitors and their active
sites constitute an important condition in the stability of the enzyme inhibitor complex [36].

Docking results

Results and discussion
Enzyme results
α-Amylase inhibitors (α-AI) have great potential to treat obesity [34]. The polyol pathway
is a biochemical pathway which is involved in
the progression of diabetic complications. Its increased activity during hyperglycemia causes oxidative stress in cells. Therefore, researchers are
interested in developing AR inhibitor compounds
to treat and also manage diabetic complications
[35, 36].
The significant goal of this work is to investigate
selective potent inhibitor compounds for the enzymes aldose reductase and collagenase. Indeed,
inhibitory action of these important enzymes was
found with 2′-hydroxy-5′-methoxyacetophenone
to control the diabetic complications. IC50 values
were recorded for AR, α-amylase, and collagenase.
The results of this study for inhibitory activity of
the studied 2′-hydroxy-5′-methoxyacetophenone
molecule are presented in Table I. IC50 values of
these enzymes were 20.046, 0.982, and 3.264 µM,
respectively. The collagenases and gelatinases
play an important role in cancer-related progression, angiogenic, and metastasis events. Additionally, their inhibitors can be an effective factor for
treatment and cancer prevention.
With the increase in the activity of aldose reductase, the amount of certain coenzymes (NADPH
and NADH) changes in the cell and the gene expression of enzymes belonging to the antioxidant

Through the higher values of some parameters
recorded by the Maestro program utilized to calculate the bioactivities of the methoxyacetophenone
molecule, the biochemical activities of the compounds are compared. By using these calculated
parameters, also bioactivities of compounds with
other molecules are compared. The key enzymes
utilized for this comparison are aldose reductase
(PDB ID: 3V36) (AR) [37], α-amylase (PDB ID: 3BAJ)
(AA) [38], and collagenase enzyme from Clostridium histolyticum (PDB ID: 4U6T) [39] (Table II).
In the results of molecular modeling, more parameters were found for the methoxyacetophenone molecule. The most key parameter among
these parameters is the modeling score. It can be
observed that the compound with a highly negative numerical value of the docking score parameter has higher biochemical activity than other
compounds [40]. As the interaction between the
methoxyacetophenone molecule and the enzyme
increases, it is seen that the biochemical activity
value of the compound increases. These interactions are shown in Figures 1–3.
Apart from this parameter, many parameters
are calculated to explain the interactions between
molecules and enzymes. In the results of these
docking studies, the obtained Glide evdw, Glide
hbond, and Glide ecoul parameters obtained numerical values of Van der Waals, hydrogen bonding, and Coulomb interactions that show good
interactions between the molecules and these en-

Table I. Enzyme action results of 2′-hydroxy-5′-methoxyacetophenone against, α-amylase, aldose reductase and
collagenase
Compound

2′-hydroxy-5′-methoxyacetophenone

IC50 (micromolar)
Aldose
reductase

r

20.046

0.9268

2

Alpha
amylase

r2

Collagenase

r2

0.982

0.9045

3.264

0.9889
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Table II. Numerical values of the docking parameters of molecule against enzymes
Aldose reductase

α-Aamylase

Collagenase

Docking score

–6.32

–4.30

–5.56

Glide ligand efficiency

–0.53

–0.36

–0.46

Glide hbond

0.00

0.00

0.00

Glide evdw

–18.35

–18.15

–19.78

Glide ecoul

–0.84

–1.67

–6.40

Glide emodel

–32.75

–31.42

–40.13

Glide energy

–19.18

–19.81

–26.18

Glide einternal

3.63

0.47

1.45

Glide posenum

221

13

115

Variable

Figure 1. Presentation of interactions of methoxyacetophenone with α-amylase

Figure 2. Presentation of interactions of methoxyacetophenone with collagenase

zymes [41, 42]. Additionally, Glide emodel, Glide
energy, Glide einternal, and some other parameters give numerical descriptions of some of the
interactions between the compound and these
enzymes [43–45].
After molecular modeling calculations, the
properties of compounds to be used as drugs were
examined. As a result, many parameters were determined. All parameters calculated are given in
Table III in detail.
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Among all ADME/T parameters, another two
important parameters are RuleOfThree and
RuleOfFive. Indeed, the RuleOfFive [46] and RuleOfThree [47] parameters are more significant than
any another parameter. The RuleOfFive parameter,
also known as Lipinski’s, is Pfizer’s fifth rule.

Results of anti-ovarian cancer effects
With the advances in life sciences, measuring
the rate of proliferation, survival, and cell mortal-
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Figure 3. Presentation of interactions of methoxyacetophenone with aldose reductase

ity under different conditions has become very
important. In this regard, MTT analysis has greatly
contributed to the study of biocompatibility of various materials by providing a highly safe non-radioactive colorimetric system. Cytotoxicity tests
examine the side effects of various compounds on
the cell. These processes take place in the environment outside the human body. Most of these
processes also use cell culture. In MTT analysis
according to the ISO 10993-5 international standard, different types of equipment are tested for
cytotoxicity; if they do not have toxic effects, they
will obtain the necessary standards and licenses
and enter the buying and selling market. The MTT
set is the best-known test for cell viability. The
main purpose of this test is to evaluate the toxicity of compounds, drugs, or other supplements
on the cell. Of course, it may also be mentioned
in articles as a process for examining cell proliferation or counting [33]. MTT analysis can differentiate between living and dead cells by affecting
intracellular organs. In this method, the cells, after being cultured in the laboratory, are “treated”
with the desired substances to evaluate their toxicity. At the end of this test, for each concentration
of the substance, the cell viability is determined.
Although this method is primarily for water-soluble solutions and compounds, it is currently used
for other compounds soluble in organic solvents
and molecules. The behavior and rate of cell proliferation may increase or not change at all under
the influence of hormones, growth factors, cytokines, and mitogens. Also, some drugs and cytotoxic (toxic) substances, such as anticancer drugs,
may cause necrosis or apoptosis (death) of cells
or slow down the rate of proliferation and growth
or even loss of cell structure [33]. Proper analysis
of the MTT test can evaluate many of these behaviors. The MTT analysis is based on mitochondrial activity. This activity is usually stable in living cells. Hence, any change in several active and
living cells is linked to mitochondrial properties.

Table III. ADME properties of molecule
Variable

Methoxyacetophenone

Reference
range

Mol_MW

166

130–725

Dipole (D)

7.3

1.0–12.5

SASA

384

300–1000

FOSA

166

0–750

FISA

104

7–330

PISA

114

0–450

0

0–175

598

500–2000

WPSA
Volume (A3)
DonorHB

0

0–6

AccptHB

2.5

2.0–20.0

Glob (Sphere = 1)

0.9

0.75–0.95

QPpolrz (A )

16.9

13.0–70.0

QPlogPC16

5.2

4.0–18.0

QPlogPoct

7.5

8.0–35.0

3

QPlogPw

3.9

4.0–45.0

QPlogPo/w

1.7

–2.0–6.5

QPlogS

–1.8

–6.5–0.5

CIQPlogS

–1.8

–6.5–0.5

QPlogHERG

–3.8

QPPCaco [nm/s]

1016

QPlogBB

–0.5

QPPMDCK [nm/s]

503

–3.0–1.2

QPlogKp

–2.8

Kp in cm/hr

IP (ev)

9.0

7.9–10.5

EA (eV)

0.5

–0.9–1.7

#metab

2

1–8

QPlogKhsa

–0.4

–1.5–1.5

Human Oral
Absorption

3

–

Percent Human
Oral Absorption

91

PSA

54

7–200

RuleOfFive

0

Maximum is 4

RuleOfThree

0

Maximum is 3

5.9

–

Jm
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A

B

C

D

Figure 4. Anti-ovarian cancer properties (cell viability (%)) of 2′-hydroxy-5′-methoxyacetophenone (concentrations
of 0–1000 µg/ml) against normal (HUVEC: A), PA-1 (B), Caov-3 (C), and SK-OV-3 (D) cell lines
Table IV. IC50 of 2′-hydroxy-5′-methoxyacetophenone in the anti-ovarian cancer test
Variable

PA-1

Caov-3

SK-OV-3

IC50 [µg/ml]

271

326

405

This examination is a colorimetric way based on
the breakdown and reduction of yellow tetrazolium crystals by succinate dehydrogenase, and the
formation of insoluble purple crystals is involved
in the final analysis. Unlike other methods, MTT
analysis eliminates the cell washing and shrinking
steps, which usually causes the loss of part of cells
and increases the work error. That is, all the steps
of the experiment, from the cell culture, beginning
to read and analyzing the findings with a photometer, are done in a completely compact way and
a “microplate”. Hence the sensitivity, accuracy,
and repeatability of the test are high [33].
In this work, the cytotoxicity of 2’-hydroxy5’-methoxypethenophenone was investigated by

6

treating different concentrations of PA-1, Caov-3,
and SK-OV-3 cancer cells with MTT for 48 h. Cell
viability (%) was plotted against the concentration of 2’-hydroxy-5’-methoxetatophenone (0–
1000 μg/ml) with the three cell lines recorded in
Figure 4. In all cases, increasing the doses of IC50
2’-hydroxy-5’-methoxetatophenone against PA-1,
Caov-3, and SK-OV-3 cells with increasing doses
of 2750, 326 and 405 μg/ml, respectively, was observed (Table IV). Thus, the best results of cytotoxicity and anti-ovarian cancer potentials of our
molecule were observed in PA-1 cells.
In conclusion, the biochemical activity of the methoxyacetophenone compound toward enzymes
was found as a result of modeling calculations.
With these calculations, it is possible to compare
the methoxyacetophenone molecule with other
molecules in the future. In the next step, ADME/T
analysis of the methoxyacetophenone molecule
was performed. With this analysis, ADME/T param-
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eters of the methoxyacetophenone molecule show
that it is safe to use it as a drug in the future. In this
direction, the methoxyacetophenone molecule will
progress towards becoming a drug with future in
vivo and in vitro studies. 2′-Hydroxy-5′-methoxyacetophenone also revealed significant cytotoxic activities against common ovarian cancer cell lines,
i.e., PA-1, Caov-3, and SK-OV-3. The IC50 values
of 2′-hydroxy-5′-methoxyacetophenone against
PA-1, Caov-3, and SK-OV-3 cell lines were found to
be 271, 326 and 405 µg/ml, respectively.
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