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Abstract

Introduction: Alpinetin is the bioactive component of a traditional Chinese
medicine. This compound, one of the main constituents of the seeds of Al-
pinia katsumadai Hayata, is a member of the flavonoids, with anti-inflam-
matory, antibacterial, and other significant therapeutic activities of import-
ant potency and low systemic toxicity.

Material and methods: In our study, the inhibitory effect of isoliquiritigen-
in on HMG-CoA reductase showed a lower value of IC, = 21.86 £1.44 ug/
ml. A molecular docking study was performed as a complementary study
to provide additional data about the biological activities of alpinetin in the
presence of urease. The docking calculations revealed that alpinetin with
a docking score of =5.097 (kcal/mol) has an acceptable binding affinity to
the enzyme, and because of various hydrophobic contacts and hydrogen
bonds created by this chemical compound, alpinetin could be considered as
an adequate inhibitor of urease.

Results: In the cellular and molecular part of the study, the cells treated
with alpinetin were assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl-2H-tetrazolium bromide (MTT) assay for 48 h as regards the cytotoxicity
and anti-human gastric carcinoma properties towards normal (human um-
bilical vein endothelial cells (HUVECs)) and gastric carcinoma cell lines, i.e.
SNU-1, Hs 746T, and KATO Ill. The IC,  values of alpinetin were 426, 586, and
424 pg/ml against SNU-1, Hs 746T, and KATO Il cell lines, respectively. The
viability of the malignant gastric cell line decreased dose-dependently in the
presence of alpinetin.

Conclusions: It seems that the anti-human gastric carcinoma effect of the
investigated molecule is due to its antioxidant effects.

Key words: alpinetin, anti-human gastric cancer, urease, molecular
docking, enzyme inhibition.

Introduction

Alternative drugs have become increasingly popular around the world.
Containing a large family of polyphenolic secondary metabolites, flavo-
noids exhibit a wide variety of biological activities such as antioxidant,
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antiviral, antibacterial, antiprotozoal and antifun-
gal effects. They also play an important role in plant
growth and defense mechanisms against infection
and injury. Alpinetin is a traditional Chinese medi-
cine that is widely distributed in higher plants and
prepared from its roots or seeds such as Alpinia
katsumadai Hayata, Amomum, Alnus, Populus, Po-
lygonum, and Scutellaria. It exhibits a wide range
of biochemical activities and important therapeutic
applications, such as significant anti-inflammatory,
microbial resistance, and anti-hemostasis [1-3].

Urea is the most widely used fertilizer in agricul-
tural applications. The use of urease inhibitors in
agricultural applications has been studied for a long
time as one of the strategies to ensure the food sup-
ply in sufficient quantities. This is because urea, one
of the most widely used nitrogenous (N) fertilizers
worldwide, is rapidly hydrolyzed by urease at the
soil surface and is subject to hydrolysis with 70%
N loss to the environment. Urease activity is an im-
portant viral marker in medicine as well as in the ag-
ricultural industry. Urease causes kidney stones and
infections, as well as hepatic coma. In the treatment
of such diseases, urease inhibitors that can inhibit
the urease enzyme are being studied. Studies on
urease inhibitors are very important in order to de-
velop drugs to be used in the treatment of diseases
caused by pathogens containing urease in humans
and animals. In recent years, inhibitory effects of
various plant extracts on urease enzyme have been
investigated for this purpose [4-6].

Recently, theoretical investigation has become
an integral part of the experimental evaluation
of chemical compounds. Such investigation could
provide more detailed insight into the biological
activities and experimental outcomes [7]. Molec-
ular docking studies have attracted considerable
attention for biologists, since the results of dock-
ing calculation could give the researchers a com-
prehensive point of view for biological activities of
compounds [8]. These data could help the research-
ers to identify the mechanisms in which the ligands
and biological materials would interact with each
other. There are a variety of parameters that will be
obtained from docking calculations, such as bind-
ing affinity and the characteristics of interactions.

In the present study, the properties of alpinetin
against common gastric carcinoma cell lines, i.e.
SNU-1, Hs 746T, and KATO lIl, were evaluated, and
also enzyme inhibition and molecular docking of
it were investigated.

Material and methods

Anti-human gastric carcinoma properties of
alpinetin

SNU-1, Hs 746T, and KATO Il cells were used to
evaluate the anticancer effect of alpinetin on cell

culture. For this purpose, each cell line was placed
separately in T25 flasks with a complete culture
medium (including DMEM (Dulbecco’s Modified
Eagle Medium), 10% complementary bovine fetal
serum, and 1% penicillin-streptomycin solution)
and at 37°C in the incubator, the cell culture was
incubated with 5% CO,. After obtaining 80% cell
density, the sample was exposed to 1% trypsin-
EDTA solution and after 3 min of incubation at
37°C in a cell culture incubator with 5% CO, and
observation of cells removed from the bottom of
the plate, the sample was centrifuged at 5000 rpm
for 5 min and then the cell precipitate was de-
crypted digested by adding trypsin culture me-
dium. Then, the cell suspensions after adding
trypan blue dye were counted by a neobar slide
and a cytotoxicity test was performed by the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetra-
zolium bromide (MTT) method. For this purpose, in
each well of a 98-cell culture plate, 10000 SNU-1,
Hs 746T, and KATO Il cells were introduced with
200 pl from the complete cell culture medium and
to achieve the cell monolayer density, the plate
was re-exposed to 5% CO, at 37°C. After reaching
80% cell growth, the culture medium was removed
and the cell surface was first washed with PBS buf-
fer; again, in all wells, a complete two-concentra-
tion culture medium of 100 pl was introduced and
100 pl of a solution of alpinetin dissolved in PBS
(mg/ml) was introduced into well No. 1. After mix-
ing the molecule in the culture medium, 100 pl of
it was removed and added to the second well. In
the next step, 100 pl of the second well was re-
moved after stirring the medium and added to
well 3. This operation was performed up to well
11 and thus the amount of molecule in each well
was halved. Well No. 12 contained only one cell
and complete culture medium of one concentra-
tion and was used as a control. The plate was again
exposed to 5% CO, at 37°C for 24 h and after 24 h
the cytotoxicity was determined using tetrazolium
dye. 10 pl of tetrazolium dye (5 mg/ml) was added
to all wells, including the control, and the plate was
exposed to 5% CO, at 37°C for 2 h. The dye was
then removed from the wells and 100 pl of DMSO
(dimethyl sulfoxide) was added to the wells. The
plate was wrapped in aluminum foil and shaken
thoroughly in a shaker for 20 min. Finally, cell sur-
vival was recorded in an ELISA reader at 540 nm
[9]: Cell viability (%) = (Sample A/Control A) x 100.

Enzyme study

Mobley’s method [10] was used to determine
the urease inhibition activity. For the urease en-
zyme inhibition activity, urea was used as a sub-
strate after the extracts were interacted with ure-
ase enzyme and the ammonia formed as a result of
the reaction was measured spectroscopically [11].
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Thiourea was used as a positive control. The solu-
tions required for analysis were prepared as fol-
lows: 1) 0.01 M phosphate buffer (pH = 8.2): the
pH was adjusted to 8.2 by mixing 0.01 M NaH_PO,
and 0.01 M Na,HPO, buffer solutions in appropriate
proportions. 2) Urease enzyme: 1 mg urease en-
zyme was dissolved in 1 ml of buffer solution. When
used by dividing into 50 pl portions, appropriate
dilution was made in the range of 2000-3000 pl.
Substrate: A 0.1 M urea solution (in pH = 8.2
phosphate buffer) was used as the substrate [12].
Phenol reagent: For 1% phenol reagent, 200 mg of
phenol was weighed and dissolved in 10 ml of dis-
tilled water and 2% phenol reagent was obtained.
With subsequent dilutions, the final concentration
was 1%. For 0.005% sodium nitroprusside, 1 mg of
sodium nitroprusside was weighed and dissolved
in 10 ml of distilled water and a solution of 0.01%
was obtained. With subsequent dilutions, the fi-
nal concentration was 1%. Two prepared solutions
were mixed in a one-to-one (1 : 1) ratio [13]. Al-
kaline reagent: for 0.5% NaOH; 100 mg of NaOH
was weighed and dissolved in 10 ml of water. For
0.1% NaOCl, 0.1105 ml of 10% NaOCl| was taken
and added to 10 ml of distilled water. Two pre-
pared solutions were mixed in a one-to-one (1 : 1)
ratio. We pipetted all of them into cuvettes se-
quentially with different pipettes and measured
the activities at 630 nm wavelength. After finding
a control value, we started the IC, study. We found
that their activities were decreased by using differ-
ent inhibitor concentrations. We determined that
the activities decreased as the amount of inhibitor
increased [14].

Molecular docking study

The biological activities of alpinetin as an inhib-
itor for urease were investigated using molecular
docking calculations. For this purpose, the crystal
structure of urease from Jack bean (Canavalia en-
siformis) at 1.49 A resolution with the X-ray dif-
fraction method was downloaded from the pro-
tein data bank (http://www.rcsb.org/pdb). The
enzyme structure was prepared with the protein
preparation module of the Schrédinger Suite [15]
before using for docking study. Some of the ma-
jor jobs in this step are the addition of hydrogen
bonds, removing water molecules beyond 5 A and
creating an H-bond network with the optimization
module. Finally, the structure was subjected to
minimization using the OPLS3e force field, and the
prepared enzyme was used for the docking study.
The binding site prediction was performed utiliz-
ing SiteMap of Schrddinger [16] to predict the ac-
tive sites of the enzyme. After that, a grid box (20
x 20 x 20 A%) was generated at the centroid of the
predicted active site. The SDF format of alpinetin
was obtained from the PubChem database and

prepared with the LigPrep module of Schrodinger
[17] to produce correct molecular geometric and
protonation states. Eventually, the calculations of
molecular docking were conducted using Glide of
the Schrddinger suite.

Results and discussion
Enzyme results

In our study, the inhibitory effect of isoliquir-
itigenin on HMG-CoA reductase showed a lower
value, IC,, = 21.86 +1.44 pg/ml. Urease as a key
enzyme plays a key role in peptic ulcers and
pathogenesis of gastritis. Indeed, its inhibition
protects our bodies from many disturbances in-
cluding creation of urinary calculi. In agricultural
studies, high urease enzyme content causes in-
tense environmental and hence economic issues.
Due to the lack of effective and safe drugs to tack-
le the aforementioned disturbances, the quest for
new scaffolds is becoming mandatory in the field
of medicinal chemistry [18]. The diverse and im-
portant roles of urease support this enzyme to be
the focus of researchers around the world in the
fields of biochemistry, genetics, and physiology.
Strategies based on urease inhibition are consid-
ered promising tools for treating diseases caused
by urease-synthesizing bacteria and reducing the
loss of nitrogen from urea used as a fertilizer [19].
Therefore, it is not surprising that research on
urease inhibitors has increased recently. Studies
on urease inhibitors are very important in order
to develop drugs to be used in the treatment of
diseases caused by pathogens containing urease
in humans and animals and to repair these nega-
tive effects on the environment. Until studies on
urease inhibition guide the use of drugs used ac-
cording to the variety of physiological conditions,
their importance in medical research will continue
to be ignored [20].

Molecular docking results

The molecular docking calculation as a versatile
theoretical study was used for the evaluation of
alpinetin biological activities. The predicted dock-
ing pose of alpinetin among the residues of ure-
ase is presented in Figure 1, and the interactions
between the ligand and enzyme are presented in
Figure 2. As can be seen, Lys716 and Glu742 have
created two hydrogen bonds with alpinetin. NH
of Lys716 and oxygen of Glu742 from the peptide
backbone have created these H-bonds with two
oxygens of the ligand. There are also seven hydro-
phobic contacts between alpinetin and residues of
urease. These amino acids are Leul3, Thr33, Val36,
Phe712, Glu718, Asp730, and Val744. The oxygen
atom of alpinetin, which has created a hydrogen
bond with Lys716, has emerged as a hydrogen
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Figure 1. Docking pose of alpinetin among the urease residues
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Figure 2. Interactions of alpinetin and urease. Green dashed lines indicate the hydrogen bonds, and semicircles
show the hydrophobic contacts
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bond acceptor, and the oxygen that has created
a hydrogen bond with Glu742 is an H-bond do-
nor. Therefore, it is vividly clarified that alpinetin
could create hydrogen bonds in both the hydrogen
bond acceptor and hydrogen bond donor area of
the enzyme. Some of the calculated parameters
from molecular docking are presented in Table I.
The docking score, which is the most important
parameter [21], has a value of —5.097 kcal/mol.
This parameter shows the binding affinity of the
ligand to the enzyme. The Glide ligand efficiency
is a parameter to indicate the binding energy be-
tween the atoms of the molecule and their bind-
ing partners. There are some parameters, such as
Glide Evdw and Glide Ecoul, that are interaction-re-
lated parameters. Glide Evdw shows the Van der
Waals energy, and Glide Ecoul is the value of Cou-
lomb energy. The Glide energy is the modification
of Coulomb-van der Waals interaction energy. The
amount of interaction pose is determined and per-
formed with Glide Emodel [22]. The position of the
first predicted active site is presented in Figure 3.
This site has a site score of 1.02 and a Dscore of
1.05. Both of these values are greater than one,
which indicates the potential druggability of the
active site. This druggability shows the potential
of this site to construct various contacts with in-
hibitor compounds. The areas with red color are
hydrogen acceptor areas, and the blue areas repre-

Table I. Parameters obtained from the molecular
docking calculations

Variable Alpinetin
IC,, [mM] 21.86
Docking score [kcal/mol] -5.097
Glide ligand efficiency [kcal/mol] -0.255
Glide Ecoul [kcal/mol] -5.014
Glide Evdw [kcal/mol] -24.160
Glide Emodel [kcal/mol] -36.006
Glide energy [kcal/mol] -29.174

sent the hydrogen bond donor spaces. Those areas
presented with yellow color are hydrophobic. The
residues that are engaged in the first active site are
shown in Table II. Based on the molecular docking
calculation results, alpinetin has the potential to
be considered as an inhibitor of urease. In gener-
al, alpinetin is able to create various hydrophobic
contacts and hydrogen bonds, both in the H-bond
acceptor domain and the H-bond donor area of the
biological materials. These characteristics make
this compound a compatible inhibitor of urease.

Cancer results

Cancer is now one of the leading causes of
death worldwide. Existing treatments have not

Figure 3. First predicted active site of urease. Red areas are hydrogen acceptors, blue areas are hydrogen donors,
and yellow areas are hydrophobic

Table II. Residues of the first active site with Dscore of 1.05 and site score of 1.02

Predicted residues of the first active site

Chain A

13,16,23,26,28,29,31,32,33,34,36,37,71,72,73,76,77,78,79,80,81,82,95,131,132,133,134,135,136,137,

277,280,281,285,291,295,296,297,345,392,396,397,414,415,418,
421,422,573,576,578,579,580,581,584,634,635,639,640,641,642,643,644,645,646,
649,652,653,656,707,709,710,711,712,714,715,716,717,718,719,728,729,730,740,
741,742,743,744,745,746,828,830,831,832,833,834,835,836,838,839,840,905,1122,
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been able to meet the treatment needs for various
types of cancer. Therefore, the use of new technol-
ogies in the prevention and treatment of cancer
can be helpful. Extensive research on molecules
has been conducted in recent years [23, 24]. The
advent of biotechnology has had a profound ef-
fect on many areas of healthcare and scientific re-
search. Common cancer treatments, including che-
motherapy, radiation and surgery, may reduce the
size of the tumor, but the effect of these methods
is transient and has no positive effect on patient
survival. Therefore, replacing more effective, more
specific therapies with fewer side effects with
higher anti-cancer activity is a dominant issue in
clinical oncology [25-27]. The gradual maturation
of biotechnology has been considered not only for
treating cancer but also for a wide variety of appli-
cations, especially for drug delivery and diagnostic
and imaging cases. There are many types of mol-

ecules available, and choosing the right carriers
according to demand is a key issue [28-30]. Mole-
cules are very close in size to biological molecules
in terms of size and can easily penetrate the cell,
for this reason, one of the goals of biotechnolo-
gy is to mount molecules and drugs on molecules
and transfer them to the target cell [31, 32]. It is
also possible to create different surface properties
for molecules by attaching protective ligands to
increase the molecules’ resistance to the immune
system and increase their presence in the blood-
stream, and even binding ligands to specifically
bind the molecules to the target tissue [33-36].

In this investigation, the cells treated with dif-
ferent concentrations of alpinetin were assessed
by MTT assay for 48 h as regards the cytotoxic
properties towards normal (HUVEC) and gastric
malignancy cell lines, i.e. SNU-1, Hs 746T, and
KATO Il (Figure 4).

110
100 4
90
80
70
60
50
40!
30
28
10
0

Figure 4. Anti-human gastric carcinoma properties (cell viability (%)) of alpinetin (concentrations of 0-1000 pg/
ml) against normal (HUVEC: I) and human gastric carcinoma (SNU-1 (A), Hs 746T (B), and KATO Il (C, D)) cell lines.
The numbers indicate the percent of cell viability at the concentrations of 0-1000 pg/ml of alpinetin against sev-

eral human gastric carcinoma cell lines
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Table IlI. IC, of alpinetin in the anti-human gastric carcinoma test

HUVEC

SNU-1

Hs 746T KATO 11l

IC,, [ng/ml] -

426 +0

586 +0 424 +0

The viability of the malignant gastric cell line
decreased dose-dependently in the presence of al-
pinetin. The IC, values of alpinetin were 426, 586,
and 424 pg/ml against SNU-1, Hs 746T, and KATO
1 cell lines, respectively (Table I).

The absorbance rate was evaluated at 570 nm,
which represented viability on the normal cell line
(HUVEC) even up to 1000 pg/ml for alpinetin (Ta-
ble Ill, Figure 4). onclusion, the theoretical studies
are attractive approaches that can be conduct-
ed as fascinating investigations of experimental
studies. The molecular docking study is one of
the most interesting methods in this area and
has attracted a lot of attention in recent years.
In this study, the biological activities of alpinetin
were assessed against urease using the molecular
docking method. The results of this study revealed
that this chemical compound has acceptable in-
hibitor activity against urease. This inhibitory ac-
tivity could be related to the various hydrophobic
contacts and H-bonds created by alpinetin. These
chemical structures have attracted the attention
of many researchers because of the advantages
of the molecules such as controlling drug release,
carrying drugs, reducing toxicity and delivering
specific drugs to the target tissue. As a result of
these properties, biochemistry and biotechnolo-
gy have great potential for cancer treatment that
can pass from a laboratory study to the patient’s
bed. A possible concern limiting the application of
some compounds in cancer therapy is their toxici-
ty, which should be investigated further. However,
molecule-based cancer treatments will continue
to be developed to improve treatment outcomes.
The viability of the malignant gastric cell line
decreased dose-dependently in the presence of
alpinetin. The IC, values of alpinetin were 426,
586, and 424 pg/ml against SNU-1, Hs 746T, and
KATO IlI cell lines, respectively. After clinical study,
alpinetin can be utilized as an efficient drug in the
treatment of gastric carcinoma in humans.
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