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Anti-small cell lung cancer and collagenase inhibition 
properties of hydroxysafflor yellow A
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A b s t r a c t  

Introduction: Hydroxysafflor yellow A is the major active chemical ingredi-
ent of Carthamus tinctorius L. (safflower), which is widely used in patients 
with cardiovascular and cerebrovascular diseases in China. 
Material and methods: In our study, the inhibitory effect of hydroxysafflor 
yellow A  on collagenase showed a  lower value, IC50 = 78.81 µg/ml. In the 
cellular and molecular part of the recent study, the cells treated with hy-
droxysafflor yellow A were assessed by MTT assay for 48 h as regards the 
cytotoxicity and anti-small cell lung cancer effects on SBC-3, DMS273, and 
DMS114 cell lines. 
Results: The viability of small cell lung cancer cell lines decreased dose-de-
pendently in the presence of hydroxysafflor yellow A. The IC50 values of hy-
droxysafflor yellow A were 539, 432, and 416 µg/ml against SBC-3, DMS273, 
and DMS114 cell lines, respectively. A  molecular docking study was car-
ried out for evaluation of the biological activity of hydroxysafflor yellow 
A against the collagenase H from Clostridium histolyticum. 
Conclusions: The results of the docking calculations revealed the consider-
able binding affinity of the inhibitor to the enzyme with a docking score of 
–9.238 (kcal/mol). This remarkable binding affinity could be attributed to 
the number of hydrogen bonds and hydrophobic contacts, which are 6 and 
10, respectively.   

Key words: hydroxysafflor yellow A, collagenase, molecular docking, anti-
small cell lung cancer.

Introduction 

The flower of the safflower plant, Carthamus tinctorius L., has been 
used extensively in traditional Chinese medicine for treatment of cere-
brovascular and cardiovascular diseases. The extracts from C. tinctorius 
contain yellow and red pigments including hydroxysafflor yellow A, saf-
flomin A, safflomin C, safflor yellow B, as well as other chemicals. Hy-
droxysafflor yellow A, the main chemical component of the safflower yel-
low pigments, has been demonstrated to antagonize platelet activating 
factor receptor binding [1, 2]. Hypotensive, antithrombotic and inhibitory 
effects on platelet aggregation have been also reported. Many studies 
have demonstrated that safflower yellow possesses various physiologi-
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cal and pharmacological activities, including anti- 
thrombotic and anti-hypertensive activities [3]. 
Hydroxysafflor yellow A, which is the effective wa-
ter-soluble monomer of safflower yellow, has been 
demonstrated to have anti-oxidative activities 
and myocardial and cerebral protective effects. 
More recent studies suggest that hydroxysafflor 
yellow A  has therapeutic effects on Parkinson’s 
disease [4, 5]. Indeed, it was reported that hy-
droxysafflor yellow A is able to inhibit endothelin 
release, increase myocardial flow, improve the me-
tabolism of myocardial oxygen consumption, and 
inhibit myocardial ischemia. It was recorded that 
hydroxysafflor yellow A  could reduce myocardial 
mitochondrial swelling, decrease mitochondri-
al membrane fluidity, and inhibit mitochondrial 
over-oxidation [6].   

Collagenase (EC 3.4.24.3) enzyme is an enzyme 
belonging to the hydrolase class and breaks the 
3-helix structure of collagen. Hydrolases medi-
ate hydrolysis reactions, that is, the destruction 
of molecules with the help of H+ and OH ions of 
water [7]. The enzyme named after its substrate 
is also known as matrix metallopeptidase-1 or 
matrix metalloprotease-1. Collagenases, depend-
ing on their type, have a  weight range of 50– 
60 kDa. The cofactor is the metal Zn. One group 
of proteases, which are extracellular proteolytic 
enzymes, are metalloproteases that require Ca2+ 
or Zn2+ ions in the bound state for their activation, 
while the other group is serine proteases contain-
ing reactive serine in their active site [8, 9]. The 
breakdown of matrix proteins such as collagen, 
laminin and fibronectin by metalloproteases and 
serine proteases facilitates cell migration. Colla-
genase is one of these enzymes. These enzymes 
play an important role in physiological processes 
such as tissue restructuring, normal structuring of 
tissues and systems, wound healing and normal 
developmental processes, as well as in pathologi-
cal processes such as the spread of tumor cells to 
surrounding tissues and disruption of their func-
tion [10, 11]. 

The theoretical investigation of experimental 
results is an essential work that has to be done 
as a complementary study. One of the most signif-
icant things about theoretical studies is that they 
can provide considerable insight into the experi-
mental outcomes [12]. A popular method for such 
theoretical studies is molecular docking, which 
can contribute beneficial information about the 
interactions between various molecules and bio-
logical compounds. The prediction of mechanisms 
in which a molecule would inhibit the activity of 
an enzyme is predictable with molecular docking 
studies [13]. The binding affinity of the ligands to 
the biological materials is an essential outcome of 
molecular docking. 

We also investigated hydroxysafflor yellow A in 
cytotoxicity studies against common small cell 
lung cancer cell lines, i.e., SBC-3, DMS273, and 
DMS114, in vitro. Interestingly, we obtained sig-
nificantly good results in the study. The best result 
was achieved in the case of the DMS114 cell line. 
Also, we investigated the enzyme inhibition and 
molecular docking studies in this study. 

Material and methods 

Determination of cell toxicity and anticancer 
effects of hydroxysafflor yellow A

MTT is a  colorimetric technique. Based on the 
fact that living cells can carry out oxidative metab-
olism, as a result, oxidation breaks down the MTT 
dye and produces a dye ranging from yellow to blue. 
This test determines the number of living cells [14].

In this research, we used the following cell lines 
to evaluate anti-human small cell lung cancer and 
cytotoxici effects of hydroxysafflor yellow A using 
the MTT method:
–  Small cell lung cancer cell lines: SBC-3, DMS273, 

and DMS114. 
–  Normal cell line: HUVEC. 

For this purpose, each cell line was placed sepa-
rately in T25 flasks with a complete culture medi-
um (including DMEM (Dulbecco’s Modified Eagle 
Medium), 10% complementary bovine fetal se-
rum, and 1% penicillin-streptomycin solution) and 
at 37°C in the incubator the cell culture was incu-
bated with 5% CO2. After obtaining 80% cell den-
sity, 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% CO2 and obser-
vation 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 decrypted 
by adding trypsin culture medium. Then, the cell 
suspensions after adding trypan blue dye were 
counted by a neobar slide and a cytotoxicity test 
was performed by the MTT method [14].

Initially, 10,000 cells were implanted in cell 
culture plates and then the cells were treated at 
concentrations of 1-1000 µg/ml of tiliroside. After 
24 h, 20 µl of MTT dye was added to the wells and 
incubated for 5 h at 37°C with 5% CO2. DMSO was 
then added to the wells to dissolve the formazan 
crystals and the absorption rate of the wells at 570 
nm was read by an ELISA reader (ELISA Teknika 
Oraganon reader, Netherlands) and the cell viabil-
ity rate was computed by the formula below [14]: 
Cell viability (%) = (Sample A/Control A) × 100.

Enzyme methods 

PHL83510-Hydroxysafflor yellow A  (CAS Num-
ber 78281-02-4) was obtained from Sigma. The 
inhibitory effect on the collagenase enzyme as 
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modified by Thring et al. (2009) [15] was deter-
mined spectrophotometrically. The solution of the 
compound and diluted solutions were prepared in 
our study. 50 µl of the solution containing 0.8 U/ml 
collagenase was taken, and 50 µL of the prepared 
chemical solution at different concentrations was 
added. Then 0.9 ml of tricin buffer solution pH 7.5 
was added [16]. The plant extract and chemical 
substance solution were not put into the control 
solution. For the blank, DMSO solution was used 
in the same amount as the enzyme instead of the 
enzyme. The blank, control and sample solutions 
were left to the first incubation at 25°C for 30 min 
[17]. After this first incubation, 1 mM 0.05 ml of  
N-(3-[2-furyl]acryloyl)-Leu-Gly-Pro-Ala (collagenase  
enzyme substrate) solution was added to all 
solutions and left for a  second incubation for  
15 min at 25°C. Absorbance values against the 
blank at 340 nm were read in the UV spectropho-
tometer of the sample solutions and the control 
solution. The experiments were repeated twice. 
The inhibitory effect of the sample solutions at 
different concentrations prepared in the study 
on collagenase enzyme was calculated accord-
ing to the following equation [18]: % inhibition = 
[(∆A340 control – ∆A340 sample)/∆A340 control] 
× 100, where ∆A340 control – absorbance value of 
the control solution, ∆A340 sample – Absorbance 
value of the sample solution.

The IC
50 value, which is the amount of sub-

stance required for the collagenase enzyme to 
show a 50% inhibition effect, was calculated by 
the regression equation obtained from the linear 
part of the curve drawn by applying % enzyme in-
hibition data to the abscess concentration in the 
graph [19].

Molecular docking study

The biological activities of various compounds 
can be easily investigated using theoretical ap-
proaches, and molecular docking studies are 
among the most popular methods for this pur-
pose. The enzyme used in this study was colla-
genase H from Clostridium histolyticum (PDB ID: 
4AR1) [20]. The biological activities of hydroxysaf-
flor yellow A  were investigated against this en-
zyme. The structure of the enzyme was obtained 
from the Protein Data Bank (http://www.rcsb.
org/pdb) and prepared with the protein prepa-
ration module of the Schrödinger Suite [21]. The 
hydrogen bond addition and removal of water 
molecules were carried out using this module. An 
H-bond network was created using the optimiza-
tion step. The structure was then minimized using 
the OPLS3e force field, and the prediction of active 
sites of the structure was performed utilizing Site-
Map of Schrödinger [22]. The hydroxysafflor yel-
low A was obtained from the PubChem database 

in SDF format and prepared with the LigPrep mod-
ule of Schrödinger [23]. Finally, the calculations of 
molecular docking were performed utilizing Glide 
of the Schrödinger Suite.

Results and Discussion 

Anticancer effect analysis 

One of the cytotoxicity test methods to mea-
sure the rate of cell death is the MTT method, 
which is based on the formation of formazan 
dye by reducing the substance MTT (dimethyl 
thiazole 2 and 5 diphenyltetrazolium bromide) or 
other tetrazolium salts [24, 25]. By breaking the 
MTT tetrazolium ring by mitochondrial enzymes 
in living cells, insoluble purple formazan crystals 
are formed. The formation of these crystals in-
dicates the activity of respiratory chain enzymes 
and is a  measure of cell viability. By measuring 
the amount of absorption with a spectrophotom-
eter at specific wavelengths, the number of living 
cells can be determined. This test is performed ac-
cording to ISO 10993-5 and its purpose is in vitro 
evaluation of cytotoxicity. The cytotoxicity test is 
performed according to ISO10993-5 standard and 
in four ways: the NRU test, the CFU test, the MTT 
test and the XTT test [26, 27]. The most common 
method for assessing cytotoxicity is to measure 
cell survival by MTT. This method is based on the 
intensity of dye produced by the mitochondrial ac-
tivity of cells, measured at a wavelength of 540 to 
630 nm and directly proportional to the number of 
living cells. The increase or decrease in the num-
ber of living cells is linearly related to the activity 
of cell mitochondria. MTT tetrazolium dye is re-
vived in active (metabolically) cells. Mitochondrial 
dehydrogenases in living cells produce NADH and 
NADPH, leading to an insoluble purple precipitate 
called formazan. This precipitate can be dissolved 
by isopropanol or dimethyl sulfoxide [28]. Dead 
cells, on the other hand, are unable to perform 
this conversion due to the inactivity of their mi-
tochondria and therefore do not show a  signal. 
In this method, dye formation is used as a mark-
er for the presence of living cells [29]. In recent 
years, MTT testing has been the most important 
measurement method to evaluate the toxicity and 
anti-cancer effects of molecules [30]. 

In the recent study, the cells treated with dif-
ferent concentrations of hydroxysafflor yellow 
A were assessed by MTT assay for 48 h as regards 
the cytotoxic properties towards SBC-3, DMS273, 
and DMS114 cell lines. The absorbance rate was 
evaluated at 570 nm, which represented viabili-
ty on the normal cell line (HUVEC) even up to 
1000  µg/ml for hydroxysafflor yellow A  (Table I, 
Figures 1, 2). 

The viability of small cell lung cancer cell lines 
decreased dose-dependently in the presence of 
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hydroxysafflor yellow A. The IC50 values of hydrox-
ysafflor yellow A were 539, 432, and 416 µg/ml 
against SBC-3, DMS273, and DMS114 cell lines, 
respectively (Table I; Figures 1, 2). The best result 
was achieved in the case of the DMS114 cell line. 
It appears that the anti-human small cell lung 
cancer effect of the studied 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 
antioxidant properties can be an anticarcinogenic 
agent [31]. 

Many molecules have pharmacological and 
biochemical properties, including antioxidant and 
anti-inflammatory properties, which appear to be 
involved in anticarcinogenic and antimutagenic 
activities. Today, molecules synthesized by bio-
logical methods play a vital role in treating many 
diseases, including cancer [32]. Molecules syn-
thesized by biological methods are no longer the 
only ones in traditional medicine; in addition, they 

have been able to adopt an industrial line of nat-
ural products for treating various cancers. Various 
cell lines from cancers of the prostate, ovary, lung, 
liver, and pancreas have been treated with synthe-
sized herbal molecules [31, 32].

Enzyme results

During the experiments, N-(3-[2-furyl]acryloyl)-
Leu-Gly-Pro-Ala (FALGPA) (Sigma F5135) as a colla-
genase substrate and collagenase (Sigma) C0130 
Collagenase Clostridium histolyticum 2  U/ml)  
were used. It was observed that the chemical 
substance we used in our study inhibits the col-
lagenase enzyme. It can be suggested that the 
chemical substance, which has a  high level of 
collagenase inhibitory effect, may be suitable for 
use as a collagenase inhibitor in addition to drug 
therapy in skin and dental diseases [33]. Howev-
er, further studies are needed to prove the colla-
genase enzyme inhibition of this chemical sub-
stance through in vivo experiments. In our study, 
hydroxysafflor yellow A was found to inhibit the 
collagen enzyme at a high rate. This compound is 
an antioxidant substance and contains a hydroxy 
group in its structure [34]. It can be suggested that 
the hydroxy group in the catechin may have an 
effect on the collagenase enzyme, as is the case 
with other hydroxy group containing compounds 
[35]. In the hydroxysafflor yellow A we used in our 
study, the inhibitory effects on the collagenase en-
zyme have an IC50 value at the micromolar level. 

Table I. IC50 of hydroxysafflor yellow A in the anti- 
small cell lung cancer test

Variable Hydroxysafflor yellow A [µg/ml]

IC50 against HUVEC –

IC50 against SBC-3 539 ±0

IC50 against DMS273 432 ±0

IC50 against DMS114 416 ±0
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Figure 1. Anti-small cell lung cancer properties of 
hydroxysafflor yellow A against SBC-3 (A), DMS273 
(B), and DMS114 (C) cell lines
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Hydroxysafflor yellow A is a flavonoid substance. 
It is reported that this substance prevents much 
damage in the body. In the trials of collagenase 
enzyme inhibition by Galardy and Grobelny [36] 
with phosphoric and phosphonic amides contain-
ing glycine, proline, leucine, phenyl and alanine, 
it was found that phosphoric amides containing 
glycine, proline and alanine inhibited this enzyme 
with an inhibition value of IC50 = 14 ±6 µM. In 
our study, the inhibitory effect of hydroxysafflor 
yellow A  on collagenase showed a  lower value,  
IC50 = 78.81 µg/ml. Based on all this information, 
the inhibitory effects of various plant extracts, 
various chemicals, acids, vitamins, amino acids 
and peptides on this enzyme were investigated, 
considering the role of collagenase enzyme in skin 
aging and wound healing [37, 38].

Molecular modeling results

The biological and chemical activities of hy-
droxysafflor yellow A were assessed utilizing the 
molecular docking study. Figure 3 shows hydrox-
ysafflor yellow A in the docking pose, and Figure 4  
indicates the interactions of the hydroxysafflor 
yellow A  with collagenase. As can be seen, the 
molecule has created some hydrogen bonds with 
Lys353, Asp398, Arg464, Tyr465, and Lys641. As 
can be clearly seen, the residue Lys353 has created 
two hydrogen bonds with the ligand. This residue 
and Asp398, Arg464, and Tyr465 are the residues 
of the catalytic subdomain, and Lys641 comes 
from the helper subdomain. 6 of 10 residues with 
hydrophobic contacts are also from the catalytic 
subdomain. Table II presents the parameters de-
termined through the calculations. The docking 

score, as the most important calculated parame-
ter [39], indicates the binding affinity between the 
ligands and enzyme. Another essential parameter 
is the Glide ligand efficiency, which shows the ef-
ficiency of the molecules numerically. Some other 
parameters such as Glide Evdw and Glide Ecoul 
are the parameters that are related to the interac-
tions. The Glide energy is the energy of interaction 
that is numerically calculated, and the value of the 
interaction pose is calculated and presented with 
Glide Emodel [40]. These results indicated that 
hydroxysafflor yellow A  could be considered as 
a potential inhibitor of collagenase. Generally, this 
inhibitor creates various interactions such as hy-
drogen bonds and hydrophobic contacts with the 
catalytic subdomain of the enzyme.

In conclusion, based on these results, we 
suggest hydroxysafflor yellow A  as a  promising 
source for new anti-collagenase agents. In view of 
the importance that the maintenance of collagen 
structure has in preventing skin ageing and pho-

Figure 2. Cytotoxic effects of hydroxysafflor yellow A  
against normal (HUVEC) cell line
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Figure 3. Docking pose of hydroxysafflor yellow A among the residues of collagenase
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toageing processes, this molecule can be included 
in active ingredients in wrinkle-care cosmetics. 
The viability of small cell lung cancer cell lines 
decreased dose-dependently in the presence of 
hydroxysafflor yellow A. The IC50 values of hydrox-
ysafflor yellow A were 539, 432, and 416 µg/ml  
against SBC-3, DMS273, and DMS114 cell lines, 

respectively. The results of experimental stud-
ies could be further assessed by the theoretical 
approaches to provide adequate insight into 
the mechanisms. Molecular docking studies are 
among the approaches that can reveal the biolog-
ical activities of compounds in the presence of en-
zymes. In this study, the activities of hydroxysaf-
flor yellow A against collagenase were evaluated 
using docking calculations. It was concluded that 
this compound has a considerable binding affini-
ty to the enzyme by creating suitable bonds and 
interactions.
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Figure 4. Interactions of hydroxysafflor yellow A and collagenase. Green dashed lines indicate the hydrogen bonds, 
and semicircles show the hydrophobic contacts

Table II. Parameters obtained from the molecular 
docking calculations

Parameter Hydroxysafflor 
yellow A

IC50 [mM] 78.81

Docking score [kcal/mol] –9.238

Glide ligand efficiency [kcal/mol] –0.215

Glide Ecoul [kcal/mol] –18.820

Glide Evdw [kcal/mol] –30.047

Glide Emodel [kcal/mol] –70.443

Glide energy [kcal/mol] –48.867
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