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Abstract

Introduction: Diosmin is a natural citrus flavone with remarkable antioxi-
dant and anti-inflammatory features. Acute leukemia is a common type of
cancer of the blood.

Material and methods: a-Amylase activity was determined by a method
adapted from the work of Taha et al.

Results: In this study, we examined its effect on some important enzymes; the
IC,, values were 196.07 for aldose reductase, and 76.40 for a-amylase. A mo-
lecular docking study was performed to assess the binding affinity and biolog-
ical activities of diosmin in the presence of a-amylase and aldose reductase.
Discussion: The results of the docking study indicated that diosmin has a re-
markable binding affinity to these enzymes with a docking score of -9.768
and —-140469 for a-amylase and aldose reductase, respectively. Therefore,
this compound could be used as a potential inhibitor for these enzymes. In
the cellular and molecular part of the recent study, the cells treated with dios-
min were assessed by MTT assay for 48 h regarding the cytotoxicity and an-
ti-human acute lymphoblastic leukemia properties on HL-60, Clone 15 HL-60,
HL-60/MX1, and HL-60/MX2 cell lines. The IC,  values of diosmin were 466,
323, 502, and 537 pg/ml against HL-60, Clone 15 HL-60, HL-60/MX1, and
HL-60/MX2 cell lines, respectively.

Conclusions: The viability of acute lymphoblastic leukemia cell lines de-
creased dose-dependently in the presence of diosmin. It appears that the
anti-human acute lymphoblastic leukemia effect of diosmin is due to its
antioxidant effects.

Key words: diosmin, cytotoxicity, a-amylase, aldose reductase, molecular
modeling.

Introduction

Aldose reductase (AR) is a monomeric enzyme, weighing approx-
imately 36 kDa, consisting of 315 amino acid sequences and located
in the cell cytosol. Carper et al. [1] determined the primary structure of
aldose reductase enzyme for the first time in rat lens. AR is an enzyme
that, in the presence of NADPH cofactor, converts aldehydes originating
from free oxygen radicals (ROS) into inactive alcohols as well as reducing
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glucose to sorbitol [2]. In cells with high AR ac-
tivity, the depletion of NADPH causes an increase
in GSH level, thus increasing oxidative stress [3].
As a result of many studies, it is thought that the
aldose reductase enzyme is responsible for the
reduction of D-glucose to D-sorbitol in the polyol
pathway [4] and this reaction is associated with
complications of diabetes in hyperglycemia. The
three-dimensional structure of AR was revealed by
X-ray crystallography analysis. Inhibitors interact
with the active site of the AR because the active
site of the AR enzyme has a flexible structure. AR
is a cytosolic enzyme and is distributed in the lens
of the eye, retina, kidney, adrenal gland, and repro-
ductive organs [5]. a-Amylase has a very import-
ant role in the treatment of diabetes. Inhibition of
this enzyme delays glucose secretion and absorp-
tion in the small intestine. In this event that takes
place in the intestine, the level of hyperglycemia
is reduced by delaying carbohydrate digestion by
inhibitors of enzymes [6, 7].

Molecular docking has recently emerged as
a versatile method for the investigation of biolog-
ical activities of chemical compounds. This meth-
od as a theoretical approach could provide a more
detailed view of interactions and mechanisms be-
tween ligand-enzyme complexes [8]. This method
can provide valuable information about the various
characteristics of the interactions that occur be-
tween chemical compounds and biological materi-
als. The obtained data from the outcomes of the
docking study can give the knowledge that biolo-
gists need to understand the mechanisms in which
an inhibitor could stop the enzyme activity [9].

Acute leukemia is a common type of cancer
that affects the blood. In severe situations of acute
leukemia, immunotherapy, chemotherapy, radia-
tion therapy, and surgery are administered for the
treatment of acute leukemia [10-13]. Chemother-
apeutic drugs have many side effects, so finding
a new drug with the efficacy of the chemothera-
peutic drugs and without any side effect is very
valuable. In this regard, many studies have proven
excellent anticancer properties of biotechnological
materials such as antioxidant molecules [13].

In the recent study, the properties of prepared
diosmin against acute lymphoblastic leukemia (HL-
60, Clone 15 HL-60, HL-60/MX1, and HL-60/MX2)
cell lines and diverse enzymes were evaluated.

Material and methods

Anti-acute lymphoblastic leukemia
properties of diosmin

The process of the controlled culture of prokary-
otic or eukaryotic cells in a filtered or unfiltered
flask or cell culture plate by a suitable culture me-
dium is called DMEM. This term is mostly used for
culturing multicellular cells. Special culture media

are used to culture cells. The cells are usually cul-
tured at 37°C in equipment such as CO, incuba-
tors. Cell culture should be performed under asep-
tic (disinfected) conditions because the growth
of these cells is much slower than the growth of
bacteria and yeasts and there is a possibility of
contamination of the culture medium. Antibiot-
ics such as penicillin, streptomycin, or gentamicin
are sometimes used to stop the growth of bacte-
ria. In order for cells to proliferate well in culture
medium, their density in culture medium must be
low. For this purpose, the cells should be passed
to fresh culture medium from time to time. One of
the goals of cell culture is to study cells in terms
of how they grow, their nutritional needs, and the
reasons they stop growing, each of which can have
a profound effect on the morphology of the cells
we see under a microscope. Therefore, to study
the cell growth cycle, develop methods to control
the growth of cancer cells and modulate the ex-
pression of genes, it is necessary to cultivate these
cells in the external environment [14].

With the help of cell culture, cells can be pre-
pared that are in different stages of differentia-
tion and can be differentiated into other cells
with the help of hormones and growth factors.
With the help of cell culture, homogeneous cells
can be prepared and intracellular activities such
as DNA replication, DNA transcription synthe-
sis, RNA and protein synthesis and other details
related to metabolism can be studied. It is also
possible to examine the subsequent events and
intracellular currents, such as the displacement
of these complexes, the type of intracellular mes-
sages, and how the messages are transmitted,
after connecting different molecules to the corre-
sponding membrane receptor. The cultured cells
can be stored frozen at very low temperatures.
Such conditions will maintain the growth rate or
genetic composition of these cells and they can be
thawed and used again at the appropriate time.
This prevents the aging of cells, while it is current-
ly not possible to prevent the aging of animals.
When working with laboratory animals, systemic
changes due to the effect of the animal’s natural
homeostasis or the stress of the experiments on
the results should be considered, while the use of
cell culture eliminates this problem. In addition,
standardizing laboratory tests is easier and more
practical than tests on living organisms. In labora-
tory environments, it is much easier to control the
physical and chemical factors in the living environ-
ment of cells, including acidity, heat, osmotic pres-
sure, and the pressure of gases such as oxygen
and carbon dioxide. Cells that are taken directly
from the individual are known as primer cells and
have a limited lifespan. Most cells have a limited
lifespan, except for those taken from a tumor. An
immortal cell line can proliferate indefinitely by
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creating a random or targeted mutation (such as

artificial gene expression) and be established as

a representative of specific cell types [14].

In this research, we used the following cell lines
to evaluating anti-acute lymphoblastic leukemia
and cytotoxicity effects of diosmin using an MTT
method.

a) Normal cell line: HUVEC.

b) Human acute lymphoblastic leukemia cell lines:
HL-60, Clone 15 HL-60, HL-60/MX1, and HL-60/
MX2.

In the recent study, the cells were cultured in
medium (RPMI 1640 = Roswell Park Memorial In-
stitute 1640) with 10% FBS combined with peni-
cillin and streptomycin antibiotics in an incubator
containing 5% CO, in a flask (T25). After three
passages for purification, the cells were used to
perform the next steps. Cell count and the num-
ber of viable cells were performed with a hemocy-
tometer slide using trypan blue. Evaluation of the
cytotoxic effect of the diosmin was performed by
the modified 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl-2H-tetrazolium bromide (MTT) colorimet-
ric test. In this method, MTT, which is yellow, is
converted to insoluble formazan purple dye by
the dehydrogenase enzymes in the mitochondria
of active cells. The adsorption of this compound
can be measured after dissolving at 570-540 nm.
After 2 days and covering the flask bottom with
cells, the cell layer adhering to the flask bottom
was isolated enzymatically using trypsin-EDTA
(5%) (tetraacetic acid ethylenediamine); after
transfer to sterile test tubes, it was centrifuged at
2000 rpm for 10 min. The cells were then resus-
pended in a fresh culture medium with the help of
a Pasteur pipette and cell suspension (10° ml/ug)
was prepared from them. 40 pl of this cell sus-
pension (equivalent to 10* x 4 cells) was poured
into flat-bottomed wells of a 96-well plate (for
cell culture). Then the final volume of each well
with 10% FBS medium reached 200 pl. The first
row containing cell suspension was considered as
a negative control (control). After incubation for
18-24 h to remove cells from the stress caused
by trypsinization, the supernatant was removed
slowly and carefully. A new medium was added to
all rows with different concentrations of diosmin
(only new medium was added to the negative and
positive control rows), so that the diluted diosmin
with concentrations of 1-1000 pug/ml was added
to the third to sixth rows, respectively; the plate
was incubated in CO, for 48, 24 and 72 h. After
the incubation time, the plate was taken out of the
incubator and 20 ul of MTT (Sigma) was added to
all wells, and incubated for 3 h. The supernatant
was then gently removed and 100 pl of DMSO was
added to the wells and pipetted to dissolve the
formazan crystals. The amount of light absorption

(OD) according to the intensity of the blue color of
formazan at 540 nm was read by ELISA reader. To
convert OD to the percentage of living cells, the
following formula was used and the percentage of
live cells at each concentration was calculated af-
ter 48, 24 and 72 h [14]: Cell viability (%) = (Sam-
ple A/Control A) x 100.

The concentration of the tested compounds
that reduced the percentage of live cells by half
was considered as IC. (the half maximal inhibito-
ry concentration) [14].

Qualitative measurement

At least three independent replications were
performed for each data set and the result was
presented as mean + SD. Statistical analysis of
data was done with SPSS software version 22 and
one-way ANOVA and Duncan tests. Significance
was considered at the level of p < 0.05.

Enzyme methods

a-Amylase activity was determined by a meth-
od adapted from the work of Taha et al. [15] Ac-
cordingly, a-amylase solution, phosphate buffer
and starch from the reaction components were in-
cubated in an Eppendorf tube at 35°C for 10 min.
100 pl of dinitrosalicylic acid (DNS) was added to
the reaction and the reaction mixture was boiled
for 5 min to stop the reaction. The reaction mix-
tures cooled to room temperature were diluted
with 1000 pl of distilled water and absorbance
measurements were performed at 540 nm [16].
One unit of enzyme activity was calculated as
the amount of 1 pmol maltose released in 1 min
under the reaction conditions. For AR, these solu-
tions were used: 1 M Na-phosphate buffer, pH =
5.5,0.11 mM NADPH solution, and 4.7 mM DL-glyc-
eraldehyde solution. The activity measurement of
the AR enzyme was performed by modifying the
procedure used by Cerelli et al. [17]. The reaction
medium was prepared by adding 50 ul of isolated
enzyme to 250 pl of Na-phosphate buffer, 100 pl of
NADPH and 500 pl of distilled water. The reaction
was initiated by adding 100 ul of DL-glyceralde-
hyde to the cuvette prepared above. The decrease
in NADPH concentration at 340 nm and room tem-
perature was followed by a spectrophotometer for
3 min. Then, intervals with linear absorbance val-
ues were determined and slope calculations were
made. For the IC, study, we obtained different ac-
tivities using different inhibitor concentrations and
calculated the percent activities and obtained them
in graph form. We repeated them 3 times [18].

Molecular docking study

A molecular docking study as a versatile the-
oretical approach was used to evaluate the bio-
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logical activities of diosmin as an inhibitor for
a-amylase and aldose reductase numerically. For
this purpose, the structures of human pancreatic
a-amylase (PDB ID: 1HNY) [19] and human aldose
reductase (PDB ID: 1USO) [20] were download-
ed from the PDB database (http://www.rcsb.org/
pdb). The unprocessed structure is not ready to
be used for a docking study. Therefore, a prepa-
ration process has to be done. Some of the main
steps are the addition of hydrogen atoms to the
structure, water molecule removal, creation of
a H-bond network, and minimization of the sys-
tem. The minimization step was carried out us-
ing the OPLS3e force field. All of the preparation
processes were performed using the preparation
module of the Schrédinger Suite [21]. The struc-
ture of diosmin was obtained from the PubChem
database in SDF format, and the correct molecular
geometries were produced using the LigPrep mod-
ule of Schrédinger [22]. The suitable protonation
states were also produced using the Epik module.
The binding sites of the enzyme structure were
predicted, and their related scores were deter-
mined using SiteMap of Schrédinger [23]. A grid
of 20 x 20 x 20 A® was created around the first
predicted active site. Finally, Glide of Schrodinger
suites was utilized to perform molecular docking
investigations.

Results and Discussion

Cytotoxicity and anti-acute lymphoblastic
leukemia activities of diosmin

Cancer is recognized as one of the leading caus-
es of death in today’s society and several drugs
have been introduced to treat this disease, but,
most common cancers are not yet controllable and
this disease imposes huge costs on the patient and
society. The main factor in the development and
progression of cancer has not yet been precise-
ly identified; however, the available data suggest
that metabolic disorders in the tissue and immune
disorders may be involved in the development and
exacerbation of this disease [24-26]. In addition,
metabolic disorders in the production and excre-
tion of oxygen free radicals are important factors
affecting cancer cells. Free radicals are destructive
compounds that are produced as a by-product by
the body’s chemical reactions and are destroyed
by the body’s defense system and enzyme system
and antioxidants. However, in cases where the
body’s metabolic disorders and the production of
free radicals are high and they are not destroyed
by the neutralizing system, due to their instability,
these compounds have a strong tendency to react
with a variety of molecules in the body [26-29]. It
is estimated that each cell in the human body is ex-
posed to free radicals 10,000 times a day and DNA

strands 5,000 times a day. Damage to cell com-
ponents includes proteins (genetic disorder), fats
(lipid oxidation), and cell membranes (permeability
disorder); if the damage is not repaired, it leads to
disruption of the chemical reaction and normal pro-
teinization of the cell and the formation of harmful
compounds and sometimes cancer cells in the body
[25, 27]. It is reported that thousands of cancer
cells are produced daily in the human body that are
killed by the body’s defense system. In some cases,
due to dysfunction of the above systems, cancer
cells proliferate and conditions for cancer devel-
opment in different tissues occur. According to the
above, antioxidants play a vital role in preventing
disorders caused by the effects of free radicals and
thus the prevention and treatment of cancer. Anti-
oxidants are a wide range of molecular compounds
with complex properties that combine with and
neutralize free radicals. The results show that more
than 60,000 types of molecular antioxidants have
been identified so far. Antioxidants can be effective
in three known ways to prevent and treat cancer:
1. Destruction of free radicals 2. Strengthening the
immune system to destroy cancer cells. 3. Preven-
tion of adhesion of cancer cells to other cells and
prevention of their proliferation [24-29].

Inthisexperiment,thecellstreated withdifferent
concentrations of diosmin were assessed by MTT
assay for 48 h regarding the cytotoxic properties
towards normal (HUVEC) and acute lymphoblas-
tic leukemia cell lines, i.e. HL-60, Clone 15 HL-60,
HL-60/MX1, and HL-60/MX2.

The viability of acute lymphoblastic leuke-
mia cell lines decreased dose-dependently in the
presence of diosmin. The IC,  values of diosmin
were 466, 323, 502, and 537 pg/ml against HL-60,
Clone 15 HL-60, HL-60/MX1, and HL-60/MX2 cell
lines, respectively (Figures 1-3). The absorbance
rate was evaluated at 570 nm, which represented
viability on the normal cell line (HUVEC) even up
to 1000 pg/ml for diosmin (Figure 3).

It seems that the anti-acute lymphoblastic leu-
kemia effect of the investigated molecule is due to
its antioxidant effects. Because tumor progression
is so closely linked to inflammation and oxidative
stress, a compound with anti-inflammatory or an-
tioxidant properties can be an anticarcinogenic
agent [30]. Many molecules have pharmacological
and biochemical properties, including antioxidant
and anti-inflammatory properties, which appear
to be involved in anticarcinogenic and antimuta-
genic activities [31]. Today, molecules synthesized
by biological methods play a vital role in treating
many diseases, including cancer [32]. Molecules
synthesized by biological methods are no longer
the only ones in traditional medicine; in addition,
they have been able to adopt an industrial line of
natural products for treating various cancers. Var-
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Figure 1. Anti-acute lymphoblastic leukemia properties (cell viability (%)) of diosmin (concentrations of 0-1000 pg/ml)
against acute lymphoblastic leukemia (HL-60 (A), and Clone 15 HL-60 (B)) cell lines
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Figure 2. Anti-acute lymphoblastic leukemia properties (cell viability (%)) of diosmin (concentrations of 0-1000 pg/ml)
against acute lymphoblastic leukemia (HL-60/MX1 (A) and HL-60/MX2 (B)) cell lines
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Figure 3. Cytotoxic properties (cell viability (%)) of

diosmin (concentrations of 0-1000 pg/ml) against

human normal (HUVEC) cell line

jous cell lines from cancers of the prostate, ovary,
lung, liver, and pancreas have been treated with
synthesized herbal molecules [33].

Enzyme results

Naturel compounds containing benzene rings
are generally known as “phenolic compounds”.
Hydroxybenzene, known as ‘phenol’, in other
words, benzene carrying one hydroxyl group, is
the simplest form of phenolic compounds [34].
All other phenolic compounds are derived from
hydroxybenzene. In this study, the effect of dios-

Therefore, a-amylase has been the target enzyme
for the design of drug molecules suitable for the
treatment of diabetes, obesity, and hyperglycemia
[36]. Limonoids purified from Azadirachta indica
for pancreatic a-amylase inhibition have also been
reported to be used as antidiabetic drugs because
of their potential therapeutic effects. In addition, it
has been stated that tetracyclic diterpenoid (also
known as isosteviol) triazole derivatives obtained
by acid hydrolysis of steviol glycoside extract,
which is abundant in Stevia rebaudiana, are used
as antitumor agents in cancer treatment [37]. Al-
dose reductase inhibitors are used in nephropathy
and retinopathy. Ocular retinopathy occurs as a re-
sult of accumulation of sorbitol. Aldose reductase
enzyme inhibitors (sorbinil, tolrestat, ponalrestat,
epalrestat, flavonoid) may also be effective in the
treatment of diabetic glomerulosclerosis (harden-
ing of the kidney capillaries) [38].

Arch Med Sci



Lili Wu, Lei Xing, Ligin Cui, Qian Hou

Molecular modeling results

A molecular docking study was conducted for
the investigation of biological and chemical ac-
tivities of diosmin against two enzymes, human
pancreatic a-amylase, and human aldose reduc-
tase. The docking pose of the compound in the
presence of a-amylase is presented in Figure 4,
and the interactions created by diosmin between
this ligand and the enzyme are shown in Figure 5.
The results show that the number of hydrogen
bonds between diosmin and a-amylase is seven
bonds which have caused a strong binding affinity
with a docking score of =9.768 (Table I). Asp197 is
a very active residue in the enzyme structure, as it
has created three hydrogen bonds with diosmin.
These hydrogen bonds are crucial since Asp197
is one of the essential members of the catalyt-
ic domain of a-amylase [39]. Glu233 is another
residue that has created a hydrogen bond with
diosmin, and like Asp197, this residue is one of
the catalytic residues of a-amylase [39]. These es-
sential hydrogen bonds show that diosmin is able
to inhibit enzyme activity considerably. The other
residues with hydrogen bond interaction are Thrl
and 63Argl195. As can be seen in Figure 5, twelve
other residues have created hydrophobic contacts
with the ligand. Asp300 is one of these residues,
and since this residue is a catalytic residue [39],
this hydrophobic contact is an important interac-
tion. Figure 6 presents the docking pose of dios-
min against aldose reductase, and the character-
istics of their interactions are shown in Figure 7.
As it is apparent, there are three hydrogen bonds
between diosmin and the residues of aldose re-
ductase. The residues that have created hydro-
gen bonds are Lys21, GIn49, and Asp160. There
are a large number of hydrophobic interactions
between various residues of aldose reductase
and diosmin. Tyr48 and His110 are among twelve
residues with hydrophobic contacts. These two

residues are the catalytic residues of the enzyme
[40, 41], which means that these two hydrophobic
contacts are crucial interactions for the inhibito-
ry activity of diosmin. The parameters obtained
from docking calculations are shown in Table I.
One of the most essential parameters among the
calculated parameters is the docking score [42].
This value for a-amylase and aldose reductase
is =9.768 and —14.469, respectively, which show
a remarkable binding affinity of diosmin for these
two enzymes. Another parameter is the Glide Li-
gand Efficiency, which is a parameter showing the
energy between molecules and their related bind-
ing partner. The Van der Waals energy is shown
with Glide Evdw, and Glide Ecoul indicates the
Coulomb energy. The Glide energy is the numeri-
cally calculated energy of the interaction, and the
Glide Emodel is the interaction pose value [43].
These results indicate that diosmin has the poten-
tial to be used as an inhibitor for both a-amylase
and aldose reductase. The lower amount of IC,
for a-amylase could probably be attributed to the
number of hydrogen bonds that have been creat-
ed by diosmin. This number is seven for a-amy-
lase and four for aldose reductase.

In conclusion, we determined the antidiabetic
properties of the compound we used in the study.
Molecular docking could provide valuable infor-
mation about the interactions, mechanisms, and
biological activities of a chemical compound in the
presence of biological material such as enzymes.
The outcomes of docking calculations revealed
that diosmin has a remarkable binding affinity to
a-amylase and aldose reductase, which means
this compound is a potential inhibitor for these
enzymes. These inhibitory activities could be re-
lated to a large number of hydrogen bonds and
hydrophobic contacts, which could be created by
diosmin. The viability of acute lymphoblastic leu-
kemia cell lines decreased dose-dependently in
the presence of diosmin. The IC, values of dios-

Figure 4. The docking pose of diosmin among alpha amylase residues
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Figure 5. The interactions created by diosmin and a-amylase. Green dashed lines show the hydrogen bonds, and
semicircles are the hydrophobic contacts

Table I. Parameters obtained from the molecular docking calculations

Parameter a-Amylase Aldose reductase
IC,, [mM] 76.40 196.07
Docking score [kcal/mol] -9.768 -14.469
Glide ligand efficiency [kcal/mol] -0.227 -0.336
Glide Ecoul [kcal/mol] —24.252 -15.013
Glide Evdw [kcal/mol] -39.650 —-44.165
Glide Emodel [kcal/mol] -91.484 —82.645
Glide energy [kcal/mol] —63.903 -59.178
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8 Arch Med Sci



Describing a novel chemotherapeutic drug formulated with diosmin for treatment of acute lymphoblastic leukemia and diabetes mellitus

min were 466, 323, 502, and 537 ug/ml against
HL-60, Clone 15 HL-60, HL-60/MX1, and HL-60/
MX2 cell lines, respectively.
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