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1  Introduction
Many medications utilized in clinical settings are derived 

from natural sources, and natural products play a signifi-
cant part in the drug development process. A trihydroxy-
flavone called isokaempferide has apigenin at position 3 
substituted by a methoxy group. It serves as a metabolite 
for plants1）. It is both a monomethoxyflavone and a trihy-
droxyflavone. It shares a functional connection with an 
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apigenin（Fig. 1）. Odontites viscosus, Centaurea bractea-
ta, and other organisms for whom data are available 
contain the natural substance isokaempferide. The use of 
natural ingredients in the formulation of skin care products 
is on the rise in the present day. The majority of these 
natural ingredients have demonstrated notable antioxidant, 
emollient, and ultraviolet（UV）protective properties, all of 
which are essential for skin care product composition2）. 

Abstract: One of the main goals of medicinal chemistry in recent years has been the development of new 
enzyme inhibitors and anti-cancer medicines. The isokaempferide' ability to inhibit the enzymes urease, 
elastase, and collagenase were also studied. The results showed that isokaempferide was the most effective 
compound against the assigned enzymes, with IC50 values of 23.05 µM for elastase, 12.83 µM for urease, and 
33.62 µM for collagenase respectively. It should be emphasized that natural compound was more effective at 
inhibiting some enzymes. Additionally, the compound was tested for their anti-cancer properties using 
colon, lung, breast cancer cell lines. The chemical activities of isokaempferide against urease, collagenase, 
and elastase were investigated utilizing the molecular docking study. The anti-cancer activities of the 
compound were evaluated against lung cancer cells such as SPC-A-1, SK-LU-1, 95D, breast cancer cells like 
MCF7, Hs 578Bst, Hs 319.T, and UACC-3133 cell lines, and colon cancer cell lines like CL40, SW1417, 
LS1034, and SW480. The chemical activities of isokaempferide against some of the expressed surface 
receptor proteins (EGFR, estrogen receptor, CD47, progesterone receptor, folate receptor, CD44, HER2, 
CD155, CXCR4, CD97, and endothelin receptor) in the mentioned cell lines were assessed using the 
molecular docking calculations. The results showed the probable interactions and their characteristics at an 
atomic level. The docking scores revealed that isokaempferide has a strong binding affinity to the enzymes 
and proteins. In addition, the compound formed powerful contact with the enzymes and receptors. Thus, 
isokaempferide could be potential inhibitor for enzymes and cancer cells. 
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The presence of specific phytochemicals, such as an anti-
oxidant, in the natural goods as the active component is 
most likely what gives the qualities. The human skin, like 
other organs, inexorably ages chronologically or intrinsical-
ly as a result of telomere shortening, an imbalance between 
free radicals and antioxidant components, hormonal 
changes, and environmental factors like time and genetic 
influence3）. Sunlight’s ultraviolet（UV）radiation also harms 
the skin by accelerating photoaging, also known as extrin-
sic skin ageing. The loss of skin firmness and suppleness as 
well as an increase in wrinkle creation are both effects of 
aging4）. These structural changes are caused by a number 
of pathomechanics, such as the enzymatic breakdown and 
disintegration of dermal elastin fibers, which maintain the 
skin’s resilience; the proteolytic breakdown and disorgani-
zation of dermal collagen networks, which give the skin 
strength and resistance; and the ongoing attacks of free 
radicals on skin cells, particularly mitochondrial DNA
（mtDNA）. The development of medicinal plants with anti-
oxidant efficacies and inhibitory effects on the enzymes 
elastase and collagenase, which break down elastin and 
collagen fibers, may be important in slowing down the 
aging process of the skin5）. Urease is a particularly promis-
ing target for both agricultural issues and clinically signifi-
cant disorders like stomach ulcers and kidney stones. 
Urease enables Helicobacter pylori, the primary cause of 
peptic and gastric ulcers, to survive in the stomach’s acidic 
environment. The hyperactivity of urease enzymes leads to 
the development of a range of bacterial infectious illnesses, 
including urolithiasis, reactive arthritis, and acute pyelone-
phritis6）. 

The second most prevalent cancer in the world and the 
third most frequent cancer overall is colon cancer. Al-
though immunotherapy and target treatments have made 
strides in recent years, their efficacies and applicability for 
advanced-stage colon cancer are still far from ideal. The 
most effective treatment for colon cancer is still thought to 
be chemotherapy7）. Cytotoxic medications, such cisplatin 
and paclitaxel, can have adverse effects and increase the 
risk of developing chemoresistance, which puts a financial 
strain on patients and lowers their quality of life. There-
fore, it is vitally necessary to develop a unique, highly ef-
fective anti-colon cancer agent with minimal side effects. 
Also, non-small cell lung cancer（NSCLC）, which accounts 
for 80–85％ of lung cancer occurrences, is the most aggres-

sive kind of lung cancer8）. Lung cancer is one of the most 
deadly malignancies with a high fatality rate. With an esti-
mated 1.8 million new cases and 1.6 million fatalities per 
year, lung cancer is thought to be the cause of about 20％ 
of all cancer deaths. Due to improvements in diagnosis and 
treatment, the yearly drop in lung cancer mortality doubled 
from 2.4％（from 2009 through 2013）to 5.0％（during 2014 
through 2018）, and this trend is consistent with the stable 
decline in incidence（2.2-2.3％）9）. The death rate for lung 
cancer is still high because there are no effective anti-lung 
cancer medications, particularly those against drug-resis-
tant lung cancer10）. It is critical to create new drug candi-
dates that are highly active and effective against lung 
cancer, particularly treatment-resistant lung cancer. Also, 
the most prevalent invasive malignancy in women world-
wide is breast cancer. Breast cancers account for about 
one-third（32％）of cancer diagnoses in female patients. It 
is the top cause of cancer death in women and the sixth 
most frequent cause of cancer-related death overall11）.

The function of most of the proteins is completed by as-
sociating with their relevant substrate or biomolecules in 
the body12）. Recognizing the way that proteins associate 
with their substrate or activators could give crucial data for 
biologists. The molecular docking study is a captivating 
process that can be applied to selecting enzymatic sub-
strates. Another applicability of this approach is the valida-
tion of empirical findings13）. The molecular docking study 
is an adaptable method that can give these data and be uti-
lized for finding enzymatic substrates. The evaluation of 
empirical results is another usefulness of molecular 
docking calculations, which is easily achievable14, 15）. The 
features of the interactions between the chemical com-
pound and biomolecules could be obtained at an atomic 
level using molecular docking16）. This approach is a capable 
computer-assisted drug design that has achieved significant 
consideration in recent years. Furthermore, drug target 
prediction and knowing the molecular mechanisms can 
promote the drug development process.

Our aim in this study is to examine the effects of Iso-
kaempferide as natural substance on some enzymes and 
cell lines and present the results in the text in the form of 
tables, graphs and figures.

2  Materials and Methods 
2.1  Molecular docking study

The enzymes used in this study were urease（PDB ID: 
4GY7）, collagenase（PDB ID: 4AR1）17）, and human neutro-
phil elastase（PDB ID: 2Z7F）18）. As the synthetic and 
natural compounds have been reported to have various 
benefits such as anti-cancer effects19, 20）, the anti-cancer 
activity of isokaempferide was evaluated against some lung 
cancer cells such as SPC-A-1, SK-LU-1, 95D breast cancer 

Fig. 1　 Chemica l  s t ructure  of  s tudied compound
（Isokaempferide）.
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cells like MCF7, Hs 578Bst, Hs 319.T, and UACC-3133 cell 
lines, and colon cancer cell lines like CL40, SW1417, 
LS1034, and SW480. The surface receptors with high ex-
pression in the mentioned cell lines were also evaluated 
using molecular docking. EGFR（PDB ID: 5WB7）21）was 
chosen for SPC-A-122）, estrogen receptor（PDB ID: 3OS8）
was chosen for SK-LU-1 cells23）, CD47（PDB ID: 2JJS）24）was 
chosen for 95D25）, progesterone receptor（PDB ID: 1A28）
was chosen for MCF726）, folate receptor（PDB ID: 4LRH）
was chosen for Hs 578Bst27）, CD44（PDB ID: 4PZ3）28）was 
chosen for Hs 319.T27）, HER2（PDB ID: 1N8Z）29）was chosen 
UACC-313330）, CD155（PDB ID: 3URO）31）was chosen for 
CL4032）, CXCR4（PDB ID: 3ODU）33）was selected for 
SW141734）, CD97（PDB ID: 7DO4）35）was selected for 
LS103436）, and endothelin receptor（PDB ID: 5X93）37）was 
selected for SW48038）. The chemical activities of isokaemp-
feride were estimated against these enzymes and proteins. 
The structures were gained from the PDB database（http://
www.rcsb.org/pdb）and prepared using the protein prepara-
tion module of the Schrödinger Suite39）. During the prepa-
ration of the proteins, the hydrogen atoms were added, 
and the molecules of water were deleted from the system. 
After that, an H-bond network was generated, and eventu-
ally, the system was minimized by implementing the 
OPLS3e force field. To achieve more dependable results, 
the active binding sites of the enzyme were detected using 
the SiteMap of Schrödinger40）, and a receptor grid was gen-
erated around the active site. The structure of isokaemp-
feride as an SDF file was obtained from the PubChem data-
base, and the accurate protonation states were generated 
by administering the LigPrep module of Schrödinger41）. 
Finally, the molecular docking calculations were conducted 
employing the Glide of Schrödinger suites42）. 

2.2  Enzymes studies
Collagenase activity was inhibited using a modified 

version of the technique developed by Sigma Aldrich and 
Thring et al.43）. The experiment was carried out by combin-
ing 30 mL of sample（0-250 µg/mL in DMSO）, 60 µL of 
buffer Tricine（50 mM, pH 7.5, contains 10 mM CaCl2 and 
400 mM NaCl）, and 10 µL of collagenase from Clostridium 
histolyticum（Sigma C8051, USA）for the assay. 20 minutes 
at 37℃ were spent incubating the mixes. N-［3-（2-Furyl）
acryloyl］-leu-gly-Pro-Ala（Sigma F5135, USA）（1 mM in 
buffer Tricine）was added to 20 µL of substrate following 
the incubation period. Immediately after adding the sub-
strate, the absorbance at 335 nm was measured44）. 

Additionally, elastase inhibitory activity was assessed 
using a modified version of the Thring and Sigma Aldrich 
assay, with certain additions made by Widowati et al. 10 µL 
of various sample concentrations（4.17-133.33 µg/mL）, 5 
µL of porcine pancreatic elastase（Sigma 45124, USA）（0.5 
mU/mL in cold distilled water）, and 125 µL of Tris buffer 
were mixed together and pre-incubated for 15 minutes at 

25℃. N-Sucanyl-Ala-Ala-Ala-p-Nitroanilide substrate 
［Sigma 54760, USA］was added to the mix solution and in-
cubated for 15 minutes at 25℃. With a 410 nm wavelength, 
absorbance was measured immediately following incuba-
tion45）.

On the other hand, 200 µL of reaction mixture, 25 µL of 
Canavalia ensiformis（Jack bean）urease enzyme, 5 µL of 
samples of natural compound at various concentrations, 
and 55 µL of urea（100 mM）were incubated for 15 minutes 
at 30℃ in 96-well plates. Then, using the indophenols 
method as reported by Weatherburn46）, 45 µL of phenol/
sodium nitroprusside mixture（1％ w/v; 0.005％ w/v）and 70 
µL of NaOH/NaOCl alkali mixture（0.5 w/v; 0.1 w/v）were 
added. Urease activity was then determined. All reactions 
were carried out in phosphate buffer with a pH of 6.8, and 
changes in absorbance were monitored for 50 minutes 
using an xMarkTM Microplate Spectrophotometer from 
BIO-RAD47）. 

2.3  Anticancer activity
The test chemicals were dissolved in acetone at a con-

centration of 10 mM and diluted with DMEM to obtain the 
necessary concentrations for treating cell lines. Acetone 
and DMEM were given to the negative control samples in 
the same quantities（200 µL）as the test samples. Since the 
higher acetone volumes had no impact on cell proliferation 
when compared to the positive control samples, a normal-
ized control was used in the study. The anti-cancer activi-
ties of the compound were evaluated against lung cancer 
cells such as SPC-A-1, SK-LU-1, 95D, breast cancer cells 
like MCF7, Hs 578Bst, Hs 319.T, and UACC-3133 cell lines, 
and colon cancer cell lines like CL40, SW1417, LS1034, and 
SW480. Overnight cell cultures in a 25 cm2 tissue culture 
flask were examined under an inverted microscope. The 
cells were separated with trypsin and centrifuged at 1500 
rpm for five minutes after being washed twice with 5 mL of 
PBS48）. These 5000 cell/well rapidly growing cells were 
plated in 96-well plates and left to adhere for 24 hours at 
37℃. After removing the media, each well received 200 µL 
of fresh medium containing four replicates of the test sub-
stance in various concentrations. The combination was 
then incubated at 37℃ for 48 hours. The wells were then 
cleaned by adding 200 µL of PBS to each one, letting it sit 
for 5 minutes, and then removing it with a sterile pasture 
pipet. This procedure was carried out twice. For 10 
minutes, the wells were treated with 100 µL of crystal 
violate solution. After the color was removed, the plates 
were washed with distilled water three times. A plate 
reader was used to find the absorbance at 570 nm after al-
lowing the plates to dry at room temperature49）. 
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3  Results and Discussion 
3.1  Anticancer results

An essential tactic for finding new anti-cancer medica-
tions with high efficacy and low toxicity is the development 
of anti-colorectal active analogs based on recognized inhibi-
tors. Through chemical modification of the NSAIDs with 
promising anti-cancer actions, it is possible to completely 
increase the anti-cancer potency50）. Our goal is to create 
novel anti-cancer drugs, and our lead molecule is iso-
kaempferide. The compound showed good results（micro-
molar）for lung, breast, and colon cancer cell lines. When 
we examine the colon results one by one; SW480（48.71±
3.93 µM）from colon cell lines had good results for iso-
kaempferide. When we look at the colon cancer results; 
CL40（52.12±5.18 µM）and LS1034（63.10±6.14 µM）had 
the best results also. For colon cancer cell lines, IC50 values 
of isokaempferide as natural compound and 5FU are given 
in the following order respectively（Fig. 2）: SW480（48.71±
3.93 μg/mL）▶CL40（52.12±5.18 μg/mL）▶LS1034（63.10
±6.14 μg/mL）▶SW1417（77.92±8.47 μg/mL）▶5FU（80.51
±5.17 μg/mL）. Also, for lung cancer cell lines, IC50 values 
of isokaempferide and 5FU are given in the following order 
respectively: SPC-A-1（17.03±0.94 μg/mL）▶95D（21.48±
3.80 μg/mL）▶SK-LU-1（24.08±3.38 μg/mL）▶5FU（27.51
±2.40 μg/mL）. 

Based on the tumor’s estrogen receptor（ER）content, 
breast cancer can be classified as either ER-positive or ER-
negative. The ER, which can encourage carcinogenesis and 
cancer progression in breast tissues, is expressed in about 
70％ of breast malignancies. In order to prevent and treat 
breast cancer, one of the key strategies now involves sup-
pressing ER51）. Tamoxifen, ethylstilbestrol, and other anti-
estrogen medications are now utilized in the clinical treat-
ment of breast cancer. E-Diethylstilbestrol is a nonsteroidal 
estrogen that has an estrogen-like effect and can be used 

to treat advanced breast cancer. It has a basic structural 
similarity to stilbene. Tamoxifen is the mainstay medication 
for ER-positive breast cancer treatment. Since it has no 
significant side effects, tamoxifen, a tristyrene molecule 
and an antiestrogen created with diethylstilbestrol estro-
gen as the main chemical, is frequently used in the treat-
ment of breast cancer. The long-term use of tamoxifen, 
however, could result in medication resistance. Therefore, 
it is essential to create brand-new, powerful, and less 
harmful anti-breast cancer drugs for modern medicine52）. 
This natural compound could be a promising agent in 
breast cancer therapy or drug delivery. For isokaempferide, 
IC50 values of some cancer cell lines and 5FU are given in 
the following order respectively（Fig. 2）: UACC-3133（5.03
±0.31 μg/mL）▶MCF7（6.36±0.40 μg/mL）▶Hs 319.T
（7.26±0.85 μg/mL）▶Hs 578Bst（9.30±1.04 μg/mL）▶5FU
（12.21±1.23 μg/mL）. 

3.2  Enzymes results
A class of ECM-degrading enzymes known as matrix me-

talloproteinases（MMPs）includes collagenase and elastase. 
They are crucial to tissue remodeling and healing. They 
have a significant role in the control of extracellular matrix 
deposition and breakdown, which is necessary for the re-
epithelialization of wounds53）. Elastase and collagenase 
play important roles in wound development and repair as 
well as the pathophysiology of numerous diseases, includ-
ing cancer, cardiovascular disease, inflammation, bone de-
generation, and fibrosis54）. The obtained data demonstrated 
that the natural compound, isokaempferide with IC50 values 
of 92.24, 106.50, and 16.88 µM exhibited good inhibitory 
effects for collagenase, elastase, and urease enzymes. For 
all enzymes, IC50 values of isokaempferide are given in the 
following order（Fig. 2）: Urease（16.88±1.55 μg/mL）▶col-
lagenase（92.24±7.68 μg/mL）▶elastase（106.50±5.11 μg/

Fig. 2　IC50 values of enzymes and cell lines.（5FU was studied in different diluted solutions for each cancer）.
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mL）. Both collagenase and elastase are important enzymes 
that aid in the breakdown of supporting and connective 
proteins in skin tissue, including collagen and elastin, re-
spectively. Despite the fact that these degenerations are 
normal processes of healthy skin aging, excessive hyperac-
tivity or overexpression of collagenase and elastase are fre-
quently brought on by both external causes（such as UV ra-
diation）and internal cellular oxidative stress. The 
aggravation of collagen and elastin protein breakdown in 
skin tissue significantly contributes to the loss of skin me-
chanical structures and ultimately results in the production 
of skin wrinkles. Small compounds produced from natural 
products that have inhibitory effects on the collagenase 
and elastase enzymes are therefore candidates for use as 
cosmeceutical anti-wrinkle treatments55）. To determine 
whether combinations of isokaempferide may exert syner-
gistic anti-collagenase and anti-elastase effects, we evalu-
ated the inhibitory effects of isokaempferide on collagenase 
and elastase enzymes. We also used computational and 
biochemical assays to determine the skin permeability of 
isokaempferide. Additionally, since these investigations 
have resulted in the discovery of medications effective in a 
number of physiological circumstances, studies on enzyme 
inhibition continue to be an important area of pharmaceuti-
cal research. Inhibitors of enzymes can interact with them 
to prevent their action toward natural substrates. Recently, 
urease inhibitors have drawn a lot of interest as potential 
novel anti-ulcer medications. Ironically, urease was the first 
enzyme to crystallize, albeit little is still known about how 
it works56）.

3.3  Molecular docking
The chemical activities of isokaempferide when interact-

ing with the enzymes（urease, collagenase, and elastase）
and proteins（EGFR, estrogen receptor, CD47, progester-
one receptor, folate receptor, CD44, HER2, CD155, CXCR4, 
CD97, and endothelin receptor）were evaluated performing 
the molecular docking calculations. The outcomes showed 
the probable residues of the biomolecules that can create 
strong interactions with the compound. The docking pose 
of isokaempferide among the residues of urease is shown 
in Fig. 3A. The interactions between isokaempferide and 
urease are displayed in Fig. 3A. As could be seen in Fig. 
3A, isokaempferide has created two hydrogen bonds with 
the residues of urease. These residues are Val8 and Asn15. 
There are also some other interactions, which increase the 
binding affinity of isokaempferide to the enzyme. The resi-
dues with these interactions are Val8, Glu9, and Gly12. 

The docking pose of isokaempferide amongst the resi-
dues of collagenase is shown in Fig. 3B. Indeed, Isokaemp-
feride has created six hydrogen bonds with collagenase. 
These residues are Lys375, Asp388, Lys389, Asp397, 
Leu400, and Tyr695. The length of these hydrogen bonds is 
presented in Table 1. This compound has also created a 

Pi-Pi T-shaped, Pi-alkyl, and some other contacts with the 
residues Lys353, Tyr460, and Lys641 of collagenase. Figure 
3C shows the docking pose of isokaempferide among the 
residues of elastase. There are two hydrogen bonds 
between the compound and the residues of elastase, which 
are Arg178, and Asn180. There are also two other contacts 
between this compound and the residues Arg129 and 
Cys168. Figure 3D represents the docking pose of iso-
kaempferide among the residues of CD44. Isokaempferide 
has created three hydrogen bonds and some other contacts 
with the residues of CD44. The residues with hydrogen 
bonds are Ile26, Glu37, and Arg90. The other contacts are 
created between the compound and residues Arg41 and 
Cys77. 

The docking pose of isokaempferide among the residues 
of CD47 is presented in Fig. 4A. Isokaempferide has 
created three hydrogen bonds with the residues of CD47. 
These residues are Ser85, Asp86, and Ser89. This com-
pound has created some other contacts with CD47 resi-
dues. These residues are Asp62 and His90. Figure 4B dis-
plays the docking pose of isokaempferide among the 
residues of EGFR. There are four hydrogen bonds between 
isokaempferide and EGFR. These residues are Lys4, Asn86, 
Arg231, and Tyr251. There are also other interactions 
between this compound and EGFR residues. These resi-
dues are Val6, Val36, Leu38, Ala62, Thr249, and Ala265. 
The docking pose of isokaempferide among the residues of 
the estrogen receptor is displayed in Fig. 4C. There are 
four hydrogen bonds between isokaempferide and the resi-
dues of the estrogen receptor. These residues are Glu353, 
Arg394, and two bonds are created between the compound 
and Met421. There are also some other kinds of interac-
tions between isokaempferide and residues Leu346, 
Ala350, Leu387, Leu391, Phe404, and Ile424. The docking 
pose of isokaempferide among the residues of folate recep-
tor is presented in Fig. 4D. Isokaempferide has constructed 
seven hydrogen bonds with the residues of folate receptor. 
These residues are Ser57, and Asp81, two bonds with 
Arg103, two bonds with His135, and Ser174. There are also 
other interactions between this compound and residues 
Tyr60, Trp64, Tyr85, and Trp171. Figure 5A shows the 
docking pose of isokaempferide among the residues of 
HER2. The results show that isokaempferide has created 
two hydrogen bonds with the HER2 residues. These resi-
dues are Gly270 and Cys289. Moreover, there are three 
residues that have created some contacts with isokaemp-
feride. These residues are Tyr281 and Leu291.

The docking pose of isokaempferide among the residues 
of progesterone receptor is displayed in Fig. 5B. The 
results indicate that isokaempferide has constructed three 
hydrogen bonds with the residues Leu758, Ile699, and 
Gln815. There are also other interactions such as Pi-Alkyl 
contacts and carbon-hydrogen bonds between isokaemp-
feride and the residues of the progesterone receptor. These 
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Fig. 3　 A）The interactions of Isokaempferide and urease. Dashed lines indicate the constructed bonds between the ligand 
and enzyme. B）The interactions of Isokaempferide and collagenase. Green dashed lines indicate the hydrogen bonds. 
C）The interactions of Isokaempferide and elastase. The dashed lines indicate the constructed bonds between the 
ligand and enzyme. D）The interactions of Isokaempferide and CD44. The dashed lines indicate the constructed 
bonds between the ligand and enzyme.

Table 1　 The docking scores and H-bonds length obtained from the molecular docking 
calculations for enzymes. 

Compound Parameter Urease Collagenase Elastase

Isokaempferide

IC50 (µM) 16.88 92.24 106.50
Docking score 

(kcal/mol) －4.988 －5.565 －1.816

Residues with 
H-bond and their 

length

Val8:2.08Å
Asn15:1.81Å

Lys375: 2.05Å
Asp388: 1.81Å
Lys389: 2.74Å
Asp397: 1.63Å
Leu400: 2.49Å
Tyr695: 2.37Å

Arg178: 2.15Å
Asn180: 1.99Å
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residues are Pro696, Val698, Trp765, Arg766, and Lys769. 
The docking pose of isokaempferide among the residues of 
CD97 is presented in Fig. 5C. Isokaempferide has con-
structed two hydrogen bonds with the residues of CD97. 
These residues are Trp29 and Cys62. The length of these 
bonds is presented in Table 4. There are also two other 
contacts with the residues Trp29 and Pro31. The docking 
pose of isokaempferide among the residues of CD155 is 
presented in Fig. 5D. isokaempferide has constructed one 
hydrogen bond with the residues of CD155. This residue is 
Leu103. There are also five other contacts between the 
compound and the residues of CD155. These residues are 

Val30, Leu51, Val53, Pro129, and Gly131. The docking pose 
of isokaempferide among the residues of CXCR4 is pre-
sented in Fig. 6A. Isokaempferide has constructed four hy-
drogen bonds with the residues Asp187, Arg188, His203, 
and Glu288 of CXCR4. There are also some other interac-
tions between isokaempferide and the residues of the re-
ceptor. These residues are Tyr190, Val196, and Gln200.

The docking pose of isokaempferide among the residues 
of the endothelin receptor is presented in Fig. 6B. Iso-
kaempferide has constructed one hydrogen bond with the 
residue Cys255 of this receptor. There are also some other 
interactions between the endothelin receptor residues and 

Fig. 4　 A）The interactions of Isokaempferide and CD47. The dashed lines indicate the constructed bonds between the 
ligand and protein. B）The interactions of Isokaempferide and EGFR. The dashed lines indicate the constructed 
bonds between the ligand and protein. C）The interactions of Isokaempferide and estrogen receptor. The dashed 
lines indicate the constructed bonds between the ligand and protein. D）The interactions of Isokaempferide and 
folate receptor. The dashed lines indicate the constructed bonds between the ligand and protein.
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isokaempferide. These residues are His150, Val177, Pro178, 
and Gln181. The details of these interactions are shown in 
Figures of supplementary file. In addition to determining 
the probable interactions between isokaempferide and bio-
molecules, the molecular docking study can provide the 
binding affinity of the ligands to the biomolecules. The 
docking score reveals this affinity. This value for the ligand-
protein complexes discussed above is shown in Tables 1 to 

4. Although isokaempferide is s useful inhibitor against 
these enzymes and cancer cells, this compound has to be 
delivered to the target site. A satisfactory solution for this 
problem is vesicular nanocarriers, which develop their 
effects57, 58）.

Fig. 5　 A）The interactions of Isokaempferide and HER2. The dashed lines indicate the constructed bonds between the 
ligand and protein. B）The interactions of Isokaempferide and progestrone receptor. The dashed lines indicate the 
constructed bonds between the ligand and protein. C）The interactions of Isokaempferide and CD97. The dashed 
lines indicate the constructed bonds between the ligand and protein. D）The interactions of Isokaempferide and 
CD155. The dashed lines indicate the constructed bonds between the ligand and protein.
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Fig. 6　 A）The interactions of Isokaempferide and CXCR4. The dashed lines indicate the constructed bonds between the 
ligand and protein. B）The interactions of Isokaempferide and endothelin receptor. The dashed lines indicate the 
constructed bonds between the ligand and protein.

Table 2　 The docking scores and H-bonds length obtained from the molecular docking 
calculations for anti-lung cancer effects（EGFR, estrogen receptor, and CD47）.

Compound Parameter EGFR
(SPC-A-1)

Estrogen receptor
(SK-LU-1)

CD47
(95D)

Isokaempferide

IC50 (µM) 17.03 24.08 21.48
Docking score 

(kcal/mol) －7.467 －8.616 －2.796

Residues with 
H-bond and their 

length

Lys4:3.04Å
Asn86:2.16Å
Arg231:2.27Å
Tyr251:1.90Å

Glu353:1.59Å
Arg394:2.18Å
Met421:2.85Å

Ser85:2.08Å
Asp86:3.06Å
Ser89:2.03Å

Table 3　 The docking scores and H-bonds length obtained from the molecular docking calculations for anti-
breast cancer effects（progesterone receptor, folate receptor, CD44, and HER2）.

Compound Parameter Progesterone 
receptor (MCF7)

Folate receptor
(Hs 578Bst)

CD44
(Hs 319.T)

HER2
(UACC-3133)

Isokaempferide

IC50 (µM) 6.36 9.30 7.26 5.03
Docking score 

(kcal/mol) －4.107 －9.135 －4.505 －5.106

Residues with 
H-bond and their 

length

Ile699:2.54Å
Leu758:2.09Å
Gln815:2.75Å

Ser57:2.69Å
Asp81:1.65Å
Arg103:1.78Å
Arg103:2.41Å
His135:1.79Å
His135:2.72Å
Ser174:2.22Å

Ile26:2.02Å
Glu37:1.93Å
Arg90:2.08Å

Gly270:2.29Å
Cys289:1.88Å
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4  Conclusions 
In silico examinations could be performed as proper 

tools to interpret the results of empirical research. These 
strategies can deliver insight into the interactions in a more 
precise view. Among different methods, molecular docking 
has attracted more attention because of its capability to 
define the possible interactions between the ligands and 
biomolecules at an atomic level. In this study, molecular 
docking was conducted to assess the activities of iso-
kaempferide against hyaluronidase, collagenase, and elas-
tase. For all enzymes, IC50 values of isokaempferide are 
given in the following order: Urease（16.88±1.55 μg/mL）▶
collagenase（92.24±7.68 μg/mL）▶elastase（106.50±5.11 
μg/mL）. The activities of this compound were also analyzed 
against eight expressed surface receptor proteins（EGFR, 
estrogen receptor, CD47, progesterone receptor, folate re-
ceptor, CD44, HER2, CD155, CXCR4, CD97, and endothelin 
receptor）in the lung cancer cells such as SPC-A-1, SK-LU-
1, 95D, breast cancer cells like MCF7, Hs 578Bst, Hs 319.T, 
and UACC-3133 cell lines, and colon cancer cell lines like 
CL40, SW1417, LS1034, and SW480. The results suggested 
that isokaempferide could be considered a possible inhibi-
tor for the mentioned enzymes and cancer cell lines. 
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