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A b s t r a c t

Introduction: Biotechnology is the field to yield modern systems, tools, and 
materials by taking control at the atomic and molecular levels using the 
features that appear on those surfaces. Applications for biotechnology in 
medical diagnostics, food, medicine, environment, energy, chemistry, phys-
ics, etc., introduce this technology in an interdisciplinary and cross-sectoral 
context. Tiliroside (kaempferol 3-O-(600-O-p-coumaroyl)-b-D glucopyrano-
side) is a glycosidic flavonoid found in several medicinal and dietary sourc-
es, such as linden, rose hips and strawberries. In recent years, plant extracts 
have been identified as a new way to discover new anti-diabetic drugs. Due 
to the unwanted side effects associated with current drugs, an increasing 
number of patients are demanding to use natural products with anti-dia-
betic activity. 
Material and methods: In our study, the inhibition result of isoliquiritigenin 
on aldose reductase showed a lower IC50 value = 0.98 ±0.15 ng/ml. The bio-
logical activities of tiliroside against human aldose reductase were investi-
gated using a molecular docking study. 
Results and conclusions: The results of these calculations revealed the high 
affinity of this compound for the enzyme. This binding affinity could be con-
sidered as a reason for the low IC50 of tiliroside against the aldose reductase. 
In the oncological part of the recent study, the cells treated with tiliroside 
were assessed by MTT assay for 48 h regarding the cytotoxicity and anti-liv-
er cancer properties in normal (HUVEC) and liver cancer cell lines, i.e. SNU-
387, LMH/2A, McA-RH7777, and N1-S1 Fudr.

Key words: tiliroside, liver cancer interventional therapy, aldose reductase, 
enzyme inhibition, molecular docking studies.

Introduction 

Dietary flavonoids are a large group among the polyphenols, includ-
ing approximately 8000 compounds and frequently occurring in vegeta-
bles, fruits, chocolate, and beverages such as coffee, red wine, and tea 
[1, 2]. Their role is mostly connected with biological activity; they tend 
to show antiallergic, hepatoprotective, antioxidant, anti-inflammatory, 
antiviral, antithrombotic, and anticarcinogenic potential. Many of these 
activities can be explained by antioxidant mechanisms, including inhi-
bition of enzyme activities in the formation of reactive oxygen species 

mailto:bjt0321@126.com


Meng Sun, Haisong Wang, Meng Li, Jiangtao Bai

2� Arch Med Sci

(ROS) or chelation of microelements such as iron 
or copper that could presumably enhance ROS 
generation [3]. Among the flavonoid derivatives is 
tiliroside (Figure 1), also named kaempferol 3-O-glu- 
coside-6’’-E-coumaroyl or [(2R,3S,4S,5R,6S)-6-[5,7- 
dihydroxy-2-(4-hydroxyphenyl)-4-oxo-chromen-3-
yl]oxy-3,4,5-trihydroxyoxan-2-yl]methyl (E)-3-(4-
hydroxyphenyl)-prop-2-enoate [4]. It is a flavonoid 
contained in several plants used as human food. 
Plant materials such as fruits, leaves, and roots 
containing tiliroside are widely used as both food 
and medicines and are employed in the treatment 
of various ailments, such as Rubus chingii, which 
is part of the traditional Chinese tonic Fu Pen Zi 
and other medicines used to treat wounds, diar-
rhea, inflammatory disorders and diabetes. As has 
been proven, tiliroside exerts effects such as anti-
oxidant, antiobesity, antidiabetic, and others, with 
no reports of its toxicity against noncancer cells, 
and at the same time even increasing the viability 
of hepatocarcinoma HepG2 cells [5, 6].

Aldose reductase (alditol: NADP+ oxidore-
ductase, EC 1.1.1.21, ALR2) is a  member of the 
aldo-keto aldose superfamily and is the first en-
zyme of the polyol pathway. X-ray crystallogra-
phy studies performed with porcine and human 
aldose reductases revealed that the enzyme is in 
the form of a barrel made up of α/β folds and that 
the folds of its coenzyme NADPH are attached to 
the C-terminal end [7, 8]. While the aldose reduc-
tase enzyme reduces D-glucose to D-sorbitol, it 
uses NADPH as a coenzyme. D-sorbitol formed as 
a result of this reaction is transformed into D-fruc-
tose by the catalysis of sorbitol dehydrogenase. 
In the case of hyperglycemia, a  large increase in 
AR enzyme activity occurs, with the effect of glu-
cose metabolism increasing 2–4 times [9]. Aldose 
reductase is a member of the aldo-keto superfam-
ily (AKR), most members of which are responsible 
for the reduction of substrates such as aliphatic 
and aromatic aldehydes, monosaccharides, ste-
roids, polycyclic aromatic hydrocarbons and iso-
flavanoids, and are also involved in detoxifica-
tion steps. The human aldose reductase enzyme 
consists of 316 amino acids and is a protein with 
a molecular mass of 36 kDa. Thus, AR inhibitors 

(ARIs) are being investigated in a fairly wide range 
as therapeutic agents for delaying the progression 
or preventing the onset of diabetic complications 
[10, 11]. 

Theoretical studies are essential methods, 
which should be added to the experimental in-
vestigations. These approaches could support the 
reliability of experimental studies and provide 
beneficial insight into the interactions and relat-
ed mechanisms [12]. One of the most popular ap-
proaches in this area is molecular docking, which 
determines the interactions between various 
ligands and biomolecules. These data could con-
firm the outcomes of laboratory investigations. 
The most probable mechanism in which the ligand 
can interact with the enzyme is predictable using 
molecular docking studies [13]. 

In the recent research, we also investigated 
tiliroside in the cytotoxicity and anti-liver cancer 
studies against SNU-387, LMH/2A, McA-RH7777, 
and N1-S1 Fudr cell lines.

Material and methods  

Enzyme study

Solutions used: 1) 0.8 M Na-phosphate buffer, 
pH = 5.5, 2) 0.11 mM NADPH solution 3.7 mM 
DL-glyceraldehyde solution. Measuring the activ-
ity of the AR enzyme: a modification of the pro-
cedure used by Cerelli et al. was applied [14]. The 
reaction medium was prepared by adding 0.1 ml 
of isolated enzyme to 0.25 mL of Na-phosphate 
buffer, 0.1 ml of NADPH, and 0.45 ml of distilled 
water, to a volume of 1 ml. The reaction was initi-
ated by adding 0.1 ml of DL glyceraldehyde to the 
cuvette prepared above [15]. Using the spectro-
photometer, the decrease in NADPH concentration 
at 340 nm and room temperature was followed for 
3 min. Later, the intervals with linear absorbance 
values were determined and slope calculations 
were made. The slope values were calculated by 
applying the formula below to calculate the activ-
ity of the enzyme in U/l [16]. For the IC50 study, 
we used six different inhibitor concentrations and 
wrote down the activities and then plotted the 
IC50. After obtaining the (concentration-percent 
activity) equation, we calculated the IC50 value. 
We repeated this task 3 times and calculated the 
standard deviation and found that our work was 
correct [17].

Molecular docking study

The chemical and biological activities of com-
pounds could be easily determined using theo-
retical studies. One of the common methods for 
this object is molecular docking investigation. The 
enzyme utilized in this work was human aldose 
reductase (PDB ID: 1US0) [18]. The biological ac-

Figure 1. Chemical structure of tiliroside
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tivities of tiliroside were investigated against this 
enzyme. The structure of the enzyme was obtained 
from the Protein Data Bank (http://www.rcsb.org/
pdb) and prepared with the protein preparation 
module of the Schrödinger Suite [19]. The addition 
of hydrogen atoms, removal of the  water mole-
cules, and optimization of the structure were per-
formed using this module. The energy was then 
minimized utilizing optimized potentials for liquid 
simulations (OPLS3e) force field. The active sites 
of the structure were predicted using the SiteMap 
module of Schrödinger [20]. The structure of til-
iroside in the SDF format was downloaded from 
the PubChem database and prepared with the 
LigPrep module of Schrödinger [21]. Lastly, molec-
ular docking was performed using Glide from the 
Schrödinger suite. 

Anti-liver cancer properties of tiliroside

The process of the controlled culture of pro-
karyotic or eukaryotic cells in a filtered or unfil-
tered flask or cell culture plate by a suitable cul-
ture medium is called. 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

2 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. Antibiotics 
such as penicillin, streptomycin, or gentamicin are 
sometimes used to stop the growth of bacteria. 
In order for cells to proliferate well in culture me-
dium, 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 expression of genes, it is necessary to culti-
vate these cells in an external environment [22]. 
With the help of cell culture, cells that are in differ-
ent stages of differentiation and can be differen-
tiated into other cells with the help of hormones 
and growth factors can be prepared. With the help 
of cell culture, homogeneous cells can be prepared 
and intracellular activities such as DNA replica-
tion, DNA transcription synthesis, 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 messages, and how the mes-

sages are transmitted, after connecting different 
molecules to the corresponding membrane recep-
tor. 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 aging of cells, 
while it is currently 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 prob-
lem. In addition, standardizing laboratory tests 
is easier and more practical than tests on living 
organisms. In laboratory environments, it is much 
easier to control the physical and chemical factors 
in the living environment of cells, including acidity, 
heat, osmotic pressure, and the pressure of gas-
es 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 tak-
en from a tumor. An immortal cell line can prolifer-
ate indefinitely by creating a random or targeted 
mutation (such as artificial gene expression) and 
be established as a representative of specific cell 
types [22].

The cytotoxic effects of synthesized tiliroside 
on SNU-387, LMH/2A, McA-RH7777, and N1-S1 
Fudr cell lines were assessed using the MTT colo-
rimetric method. 

In the recent study, the cells were cultured in 
medium (RPMI1640 = Roswell Park Memorial In-
stitute 1640) with 10% FBS combined with peni-
cillin and streptomycin antibiotics in an incubator 
containing 5% CO

2 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 tiliroside 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 and formazan purple dye 
by the dehydrogenase enzymes in the mito-
chondria of active cells. The adsorption of this 
compound can be measured after dissolving at 
570–540 nm. After two 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 ethylenedi-
amine); after transfer to sterile test tubes, it was 
centrifuged at 2000 rpm for 10 min. The cells were 
then resuspended in a fresh culture medium with 
the help of a Pasteur pipette and cell suspension 
(106 ml/μg) was prepared from them. 40 μl of this 
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cell suspension (equivalent to 104 × 4 cells) was 
poured into 96-well plate flat-bottomed wells (for 
cell culture). Then the final volume of each well 
with 10% FBS medium reached 200 μl. 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 the tiliro-
side (only a new medium was added to the nega-
tive and positive control rows), so that the diluted 
tiliroside with concentrations of 1–1000 μg/ml 
was added to the third to sixth rows, respective-
ly; the plate was incubated in CO2 for 48, 24 and  
72 h. After the incubation time, the plate was tak-
en out of the incubator and 20 μl of MTT (Sigma) 
was added to all wells, and incubated for 3 h. The 
supernatant was then gently removed and 100 μl 
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 
an ELISA reader. To convert OD to the percentage 
of living cells, the following formula was used and 
the percentage cell viability at each concentration 
was calculated after 48, 24 and 72 h [22]: cell via-
bility (%) = (sample A/Control A) × 100.

The concentration of the tested compounds 
that reduced the percentage cell viability by half 
was considered as the IC50 (half maximal inhibito-
ry concentration) [22].

Statistical analysis

At least three independent replications were 
performed for each datum and the result was pre-
sented as mean ± SD. Data statistical analysis was 
done with SPSS software version 22 and one-way 
ANOVA and Duncan tests. Significance was con-
sidered at the level of p ≤ 0.05.

Results and discussion 

Enzyme results

This compound showing inhibitory effects was 
determined by measuring activity at different in-
hibitor concentrations related to inhibition stud-
ies. Also, for this compound, % activity [I] graphs 
were drawn for those with high inhibitory effects, 
and IC50 values were calculated from the equation 
of the curve [23, 24]. The AR enzyme has a rela-
tionship with many metabolic pathways other 
than the polyol pathway. These include cardiovas-
cular diseases, inflammation, depression, renal 
failure, ovarian anomalies and cancer [25]. These 
regulatory effects of the AR enzyme increase the 
importance of inhibition studies on this enzyme. 
For example, AR inhibitors are also used in the 

treatment of many diseases such as colon cancer 
and rheumatoid arthritis. In our study, the inhibi-
tory effect of isoliquiritigenin on aldose reductase 
showed a lower IC50 value = 0.98 ±0.15 ng/ml [26]. 
It has been reported that the aldose reductase 
enzyme is overexpressed in many cancer cells. 
One of the typical features of colon cancer is the 
overexpression of the iCOX-2 enzyme. The iCOX-2 
enzyme performs the synthesis of prostaglandins 
from arachidonic acid, which enable colonic epi-
thelial cells to proliferate in an uncontrolled man-
ner. In colon epithelial cells, the transcriptional 
regulation of COX-2 is provided by various growth 
factors (TGF, IGF, VEGF, FGF) and cytokines (TNF-α) 
[27]. However, growth factors and cytokines acti-
vate the transcription of the aldose reductase en-
zyme. Cytokines such as TNF-α also increase the 
risk of developing colon cancer. Aldose reductase 
inhibition prevents the activation of TNF-α-in-
duced PKC and NF-kB, so the COX-2 enzyme can-
not be expressed. This shows that the AR enzyme 
is necessary for the activation of NF-kB [28]. 

Molecular docking results

Molecular docking investigation is the theoret-
ical method that was applied for the prediction 
of biological activities of tiliroside. The docking 
pose of tiliroside is presented in Figures 2 and 3 
shows the interactions of tiliroside with aldose 
reductase. The docking results indicate that the 
ligand has created four hydrogen bonds with var-
ious residues of the enzyme. The ligplot of the 
interactions shows that these residues are Trp20, 
Trp111, Ile260, and Lys262. As it is vividly clari-
fied, the O13 atom of tiliroside is very active since it 
has created two hydrogen bonds with Ile260 and 
Lys262. Some of the obtained parameters deter-
mined through the calculations are presented in 
Table I. The docking score is one of the parame-
ters among various parameters obtained from the 
calculations [29], which shows the binding affinity 
between the ligands and enzyme. The efficiency 
of the ligand is numerically calculated with Glide 
Ligand Efficiency, which is an essential parameter. 
Glide Evdw and Glide Ecoul are interaction relat-
ed parameters. The other parameter is Glide en-
ergy, which indicates the interaction energy, and 
the value of the interaction pose is calculated nu-
merically and presented with Glide Emodel [30]. 
A large docking score shows the remarkable bind-
ing affinity of tiliroside to the enzyme. The oth-
er essential thing is the number of hydrophobic 
contacts, which is 13. This large number of hydro-
phobic contacts and hydrogen bonds has provided 
strong interactions, which have led to a very low 
IC50 of 0.98 nM.

Cancer is recognized as one of the leading 
causes of death in today’s society, and several 
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Figure 2. The docking pose of tiliroside among aldose reductase residues

Figure 3. The interactions of tiliroside and aldose reductase. Green dashed lines indicate the hydrogen bonds, and 
semicircles show the hydrophobic contacts
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drugs have been introduced to treat this disease, 
but most common cancers are not yet controllable 
and this disease imposes huge costs on the pa-
tient and society. The main factor in the develop-
ment and progression of cancer has not yet been 
precisely identified; however, the available data 
suggest that metabolic disorders in the tissue and 
immune disorders may be involved in the devel-
opment and exacerbation of this disease [22]. In 
addition, metabolic disorders in the production 

and excretion of oxygen free radicals are import-
ant 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 cas-
es 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 [22]. It is estimated that each cell in the 
human body is exposed to free radicals 10,000 
times a day and DNA strands 5,000 times a day. 
Damage to cell components includes proteins 
(genetic disorder), fats (lipid oxidation), and cell 
membranes (permeability disorder); if the dam-
age is not repaired, it leads to disruption of the 
chemical reaction and normal proteinization of 
the cell and the formation of harmful compounds 
and sometimes cancer cells in the body [22]. It is 
reported that thousands of cancer cells are pro-
duced daily in the human body and 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 develop in 
different tissues. According to the above, anti-
oxidants play a vital role in preventing disorders 
caused by the effects of free radicals and thus 
the prevention and treatment of cancer. Antioxi-
dants are a wide range of molecular compounds 
with complex properties that combine with and 
neutralize free radicals. More than 60,000 types 
of molecular antioxidants have been identified so 

Table I. Parameters obtained from the molecular 
docking calculations

Parameter Value

IC50 [nM] 0.98

Docking score [kcal/mol] –10.425

Glide ligand efficiency [kcal/mol] –0.242

Glide Ecoul [kcal/mol] –17.557

Glide Evdw [kcal/mol] –36.283

Glide Emodel [kcal/mol] –86.882

Glide energy [kcal/mol] –53.840

Table II. IC50 of tiliroside in the anti-liver cancer ex-
periment.

Variable Tiliroside [µg/ml]

IC50 against HUVEC –

IC50 against SNU-387 464 ±0

IC50 against LMH/2A 510 ±0

IC50 against McA-RH7777 422 ±0

IC50 against N1-S1 Fudr 414 ±0

Figure 4. Anti-liver cancer properties (cell viability (%)) of tiliroside: A – SNU-387, B – LMH/2A 
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Figure 5. Anti-liver cancer properties (cell viability (%)) of tiliroside: A – McA-RH7777, B – N1-S1 Fudr
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Figure 6. Cytotoxic effects of tiliroside against nor-
mal (HUVEC) cell line

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) preventing the adhesion 
of cancer cells to other cells and preventing their 
proliferation [22].

In this experiment, the cells treated with dif-
ferent concentrations of the present tiliroside 
were assessed by MTT assay for 48  h regarding 
the cytotoxic properties on normal (HUVEC) and 
liver cancer cell lines, i.e. SNU-387, LMH/2A, McA-
RH7777, and N1-S1 Fudr (Table I; Figures 1–3). 

The absorbance rate was evaluated at 570 nm, 
which represented viability on the normal cell line 
(HUVEC) even up to 1000 μg/ml for tiliroside (Ta-
ble II and Figures 4–6). 

The viability of liver cancer  cell lines (SNU-387, 
LMH/2A, McA-RH7777, and N1-S1 Fudr) decreased 
dose-dependently in the presence of tiliroside. 

The IC50 values of tiliroside were 464, 510, 422, 
and 414 µg/ml against SNU-387, LMH/2A, McA-
RH7777, and N1-S1 Fudr cell lines, respectively 
(Table II and Figures 4–6). 

In conclusion, the theoretical study of biological 
activities can give helpful knowledge, which can 
provide adequate insight into the mechanisms 
of experimental results. The molecular docking 
study is among the best methods, which provides 
the opportunity to evaluate the biological activi-
ties. The results of the molecular docking study 
revealed the high binding affinity of tiliroside to 
aldose reductase and elucidated the reason for 
the low IC50 of this compound. The viability of liver 

cancer cell lines decreased dose-dependently in 
the presence of tiliroside. The IC50 values of tiliro-
side were 464, 510, 422, and 414 µg/ml against 
SNU-387, LMH/2A, McA-RH7777, and N1-S1 Fudr 
cell lines, respectively. After clinical study, tiliroside 
can be utilized as an efficient drug in the treat-
ment of liver cancer in humans.
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