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Antitumoral Effect of Syringic Acid on DU-145 
Prostate Cancer Cells Antitumoral Effect of 
Syringic Acid 

 ABSTRACT 
 
Objective: Prostate cancer (PC) is one of the most prevalent reasons for cancer-killing in men 
worldwide, and new drugs to treat PC are currently being developed. Syringic acid (SA) is a 
polyphenolic compound that exhibits anti-inflammatory and metabolic regulatory effects 
and antitumor activities in various tumors. This study purposed to research the 
antiproliferative and antitumor activities of SA on DU-145 cells.  

Methods: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) as used to 
assign the antiproliferative effect of SA and Superoxide dismutase (SOD)- Malondialdehyde 
(MDA) analyses were used to determine its antioxidant-oxidant effects.  

Results: SA significantly suppressed DU-145 cell proliferation in vitro. Additionally, while it 
reduced SOD levels, it caused a significant increase in MDA levels.  

Conclusion: Our findings revealed the antitumor potential for PC by targeting the curative 
effect of SA. 

Keywords: DU-145, Malondialdehyde, Prostate cancer, Superoxide dismutase, Syringic 
acid 
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Introduction 

According to World Health Organization GLOBOCAN 
data, prostate cancer (PC) is the most prevalent type of 
cancer in men worldwide. It is the 2nd most prevalent cause 
of death after lung cancer (Siegel et al., 2022). In studies 
conducted in Türkiye, it is the 3rd most prevalent type of 
cancer in men and the 4th in cancer-based kills (Sung et al., 
2021). PC is more strongly associated with age than other 
known types of cancer (Jemal et al., 2021). Prostate 
adenocarcinoma is a heterogeneous group of diseases, and 
while it has a silent course in some patients, it can have an 
aggressive course in others (Harlan et al., 2001). Today, 
androgen-deprived therapies and docetaxel, abiraterone 
acetate, and enzalutamide-related chemotherapy are 
standard therapies for forward PC patients (Cornford et al., 
2021; Cattrini et al., 2019). However, traditional 
chemotherapy can with easy reason important side effects 
in the hematopoietic tract, repeat drug withdrawal 
reactions, and severe drug resistance, placing a heavy load 
on patients. For this reason, it is important to research new 
and effective drugs for PC metastasis and proliferation 
(Petrylak et al., 2004). 

Natural products have been demonstrated to be the 
most inevitable resource of anticancer drugs like paclitaxel 
and vincristine, which have succeeded greatly in the clinical 
therapy of diverse cancers (Kingston, 2009). Natural 
products generally have lower toxicity and higher efficacy 
than traditional chemotherapy drugs. In the process of 
researching drugs for the treatment of PC, various active 
materials obtained from natural resources have been 
demonstrated to have anticancer potential (Fontana et al., 
2020). SA has shown that it can modulate signaling 
molecules, transcriptional factors, proteins, and growth 
factors, especially in diverse cancer cells (Srinivasulu et al., 
2018; Rob et al., 2020). SA has diverse physiological 
functions like anti-oxidant, anti-diabetic, anti-
inflammatory, hepatoprotective, anti-cancer, and anti-
mitogenic properties (Srinivasulu et al., 2018). 
Furthermore, research on SA's cytotoxic effect in colorectal, 
breast, and lung cancer cell lines has produced promising 
results (Gheena & Ezhilarasan, 2019). Numerous extracts 
and several plants that contain SA have established anti-
inflammatory activities (Ham et al., 2016; Tanaka et al., 
2017). Scientific literature suggests that SA may be 
therapeutic on A549 lung cancer cells (Karthick et al., 2014). 
Considering the desire to improve recent anti-cancer 
agents, herb-related bioactive phytochemicals present loud 
efficiency and low toxicity properties that can ultimately be 
used in the clinical therapy of PC patients. For this reason, 

in this work, we researched whether SA exerts any effect on 
PC cells. 

Methods 

Cell Culture 

The DU-145 cell line was incubated with a medium 
containing 15% Fetal Calf Serum, Eagle's Minimum Essential 
Medium, and the antibiotic penicillin-streptomycin (Sigma, 
USA) at 37°C, 5% CO2, 95% humidity and 25-75 cm2 cell 
culture flasks. After sufficient consolidation, the 75 cm2 
bottle was washed with phosphate-buffered saline (Sigma, 
USA). Then, the cells were separated from the vial by adding 
Tyripsin-EDTA (Sigma, USA) and after centrifugation, the 
cells were transferred to 96-well plates. The cell culture 
dose of SA was determined with reference to previous 
studies (Gheena & Ezhilarasan, 2019). When the cells 
covered approximately 85% of the well surface, SA was 
applied to the wells at concentrates of 5-10-20- 40, and 80 
µg/mL. After 24 hours, cell viability was measured. 

Cell Viability 

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 
Bromide (MTT) (Sigma, USA) test was used to appraise cell 
viability. 10 µL of MTT resolution was supplemented to all 
wells and after the incubation period, the formazan crystals 
were dissolved in 100 µl of dimethyl sulfoxide (Sigma, USA). 
Finally, the absorbance value was determined at 570 nm in 
the spectrophotometer (BioTek, USA) (Yeni et al., 2023). 

Biochemical Analysis  

Cell medium was gathered 1 day after toxicity 
administration and assayed according to the 
manufacturer's instructions. 

Malondialdehyde (MDA) levels MDA ELISA kit (E-BC-
K025-S; Elabscience, USA) was used in the evaluation and 
the method was performed as in the instructions. Optical 
density was measured spectrophotometrically at 450 nm 
wavelengths. MDA activity was stated as nmol/mg Protein. 

Superoxide Dismutase (SOD) levels SOD ELISA kit (E-EL-
H1113; Elabscience, USA) was used in the evaluation and 
the method was performed as in the instructions. Optical 
density was measured spectrophotometrically at 450 nm 
wavelengths. SOD activity was stated as pg/mL.  

Statistical Analysis 

Data were analyzed with the GraphPad 8.02 program. 
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ELISA results were analyzed using the One-way analysis of 
variance analysis of the variance test. For post-hoc analysis, 
the Dunnett test was performed. 

Results 

Cell Viability  

The MTT test indicated the cytotoxicity results for all 
groups 24 hours after application. Figure 1 shows the 
cytotoxicity of SA at various doses (5-80 µg/mL) against PC 
cells. Cell viability was considered as 100 in the control 
group. In the SA group, this rate was shown to be lower 
than in the control group. No significant results were 
obtained in SA 5, 10, and 20 µg/ml groups. However, 
viability was significantly affected at high concentrations. 
Cell viability significantly was reduced in SA 40 and 80 µg/ml 
group (p<0.01). A nearly 20% and 40% reduction in this 
viability verifies the cytotoxic effect of in SA 40 and 80 
µg/ml group, respectively. 

 

Figure 1. 3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide (MTT) results of the 
application group. Data are stated as the means ± SD. 
*p<0.05, **p<0.01 values are very significant for the control 
group. 

SOD-MDA 

For samples treated with 40 and 80 µg/ml SA, ROS levels 
dramatically rose (p<0.01) (Figure 2), whereas oxidative 
stress in antioxidant enzymes (SOD) decreased, showing 
the production of ROS (Figure 2). The identification is 
caused by two methoxy groups linked to the aromatic ring 
of an SA molecule at positions 3 and 5. SOD level was 
determined as 44.72 pg/ml in the control group. Upon 

treatment with the SA group, cell viability began to 
decrease. Thus, the resulting redox parameters began to 
affect cell viability. In the SA 40 and 80 µg/ml groups, along 
with the decrease in cell viability, there was also a severe 
decrease in sod activities. This value was determined in the 
SA 80 µg/ml group as 15.97 pg/ml (p<0.01).  

Oxidative damage in the cell was determined by MDA. 
Interestingly, when ROS levels in cells were evaluated after 
exposure to SA, ROS production was found to increase in a 
concentration-dependent manner like chemotherapeutics. 
(Figure 2). However, the ROS level was significantly higher 
in the 80ug/ml group (25.80 nmol/mg protein) (p < 0.01). 

 

Figure 2. Superoxide dismutase (SOD) and 
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Malondialdehyde (MDA) results of application group. The 
values have been displayed as mean ± SD. *p<0.05, 
**p<0.01 values are very significant for the control group. 

Discussion 

Cancer is an illness with cell loop irregularity (Park & Lee, 
2003). Numerous works have shown that natural products 
and their simultaneous therapy and chemotherapy are 
effective in malignant tumors. Active materials extracted 
from natural products can modulate the cancer 
microenvironment and various cell signaling cascades, so 
they play an important role in fighting cancer (Fontana et 
al., 2020; Dutta et al., 2019; Salehi et al., 2019). SA can 
stimulate apoptosis in diverse cancer cells (Srinivasulu et 
al., 2018). It has recently been reported that SA exhibits 
cytotoxicity features against oral squamous cell carcinoma 
SCC131 (Velu et al., 2020). In this study, SA depressed the 
growth of PC cells in a concentrated-dependent manner 
and demonstrated that the count of dead cells increased in 
SA-therapy cells. In the present study, the status of 
antioxidant enzymes in PC cells showed reactive oxygen 
species accumulation in SA-treated cells. Here we report 
that SA causes a significant inhibitory effect on PC cell 
metastasis and growth. 

One study showed that treatment with SA led to an 
increase in the count of ROS-produced SW-480 cell 
populations compared to controls. More significantly, 
evaluation of the antioxidant ingredient of the cells 
demonstrated that SA caused a decrease in the level of 
antioxidant enzymes like CAT, GST, GPx, GR, and SOD, in 
tumor cells. For this reason, antioxidant consumption, 
which has recently been associated with cell killing, is 
another mechanism for the antitumor effects of SA in 
colorectal tumor cells (Mihanfar et al., 2021). Besides in 
vitro works, the antitumor effects of SA have been verified 
in animal models including diverse types of cancer. In a 
work conducted on rats, the chemo-protective effects of SA 
were investigated. A preadministration concentrate of 50 
mg/kg was able to decrease the abnormal expression of 
cytokeratin and positively modulate cell surface 
glycoconjugates. The findings were also verified in 
histological investigation; because those pretreated had 
standard histological results compared with those exposed 
to the carcinogen alone. Some of these effects were found 
to be partly mediated by the antioxidant role of SA 
(Periyannan & Veerasamy, 2018). The incorporation of SA 
into gastric cancer cells has been shown to inhibit the 
advancement of inflammatory mediators mainly through 
regulation of the AKT/mTOR signaling path (Pei et al., 2021). 
For this reason, SA may be a candidate agent for use in PC 

treatment with its anti-inflammatory effect. 

Conclusion 

Studies show the antioxidant, anti-inflammatory, anti-
lipid peroxidative, and anticancer effects of SA on PC. This 
investigation supports the evidence showing the curative 
effect of SA on PC. Therefore, SA is waiting to serve as a new 
anticancer drug in the therapy of PC. 
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Figure 1. Cell viability test results. 

0

20

40

60

80

100

120

GBM RA 50 RA 100 RA 200

C
el

l v
ia

bi
lit

y 
ra

tio

MTT

0

50

100

150

200

250

GBM RA 50 RA 100 RA 200

%
 o

f c
on

tro
l

LDH



Figure 2. Oxidative stress analysis results. 
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Changes in Smoking Behavior in the COVID-19 
Pandemic: A Single Center Study in Family 
Practice 

 ABSTRACT 
 
Objective: There are controversial studies on smoking addiction in the COVID-19 pandemic. 
While some studies show increased tobacco use during the pandemic, others report 
increased smoking cessation attempts. This study examined changes in tobacco use and quit 
intentions during the COVID-19 pandemic compared to pre-pandemic. 

Methods: A cross-sectional study was designed and three groups were formed by including 
patients over 18 years of age, who were smokers, and who presented to the Education 
Family Health Center and had RT-PCR test results for COVID-19. Among these patients, 
patients with COVID-19 symptoms and complaints and positive RT-PCR test results 
constituted the COVID-19 positive group, patients who were COVID-19 negative but isolated 
due to their contacts constituted the contact group, and healthy people without any COVID-
19 contact and symptoms constituted the healthy group. Demographic characteristics, 
smoking status before the COVID-19 pandemic, change in smoking status after COVID-19 
test result or contact, and Fagerström nicotine dependence test results were compared. 

Results: Of the total 131 participants enrolled in the study, 70 were in the healthy group, 31 
were in the COVID-19 negative group, and 30 were in the COVID-19 positive group. Men 
were predominant in three groups (60%, 83.9%, and 73.3% in normal, COVID-19-neg, and 
COVID-19-positive groups, respectively) with a small significant difference (p=0.048). The 
mean ages were 41.09±12.85, 38.21±11.69, and 39.47±11.66 years in the healthy, COVID-
19 negative, and COVID-19 positive groups, respectively, with no significant difference 
(p>0.05). Fagerström dependence scores were 1.82±1.05, 1.53±0.86, and 1.40±0.72 in the 
healthy, COVID-19 negative, and COVID-19 positive groups, respectively, and were not 
statistically different (p>0.05). Smoking prevalence decreased by 1.13 (±4.17) cigarettes per 
day in the healthy group, by 3.97 (±5.31) cigarettes in the COVID negative group, and by 
10.14 (±7.86) cigarettes in the COVID positive group, with a statistically significant decrease 
in smoking prevalence in all three groups (p<0.01). Those in the COVID-19 positive group 
were statistically significantly more likely to want to stop smoking. 

Conclusion: Our study found that people significantly reduced smoking and considered 
quitting during the COVID-19 pandemic. Every individual who quits smoking is an asset to 
society. To achieve this goal, it should be aimed at raising awareness and providing 
counseling to quit smoking by studying smoking and nicotine dependence in all situations. 

  Keywords: COVID-19, Family practice, Nicotine dependence, Smoking 
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Introduction 

Smoking is known to negatively affect the immune 
system and reduce the defense against infectious diseases. 
The negative effects of smoking on the respiratory tract and 
lungs have been shown to have a negative impact on the 
prognosis of COVID-19. In most studies on the mortality of 
COVID-19, smoking has been shown to increase the 
mortality and complications of the disease (Berlin et al., 
2020; Eisenberg & Eisenberg, 2020; Farsalinos et al., 2020; 
Roengrudee Patanavanich & Stanton A Glantz, 2020). 
Among patients with COVID-19, it is known that smokers 
and former smokers need intensive care and mechanical 
ventilation more than non-smokers. In addition, severe 
COVID-19 symptoms were 1.4 times more common in 
former smokers and current smokers compared to non-
smokers (Freire et al., 2022). 

Adverse effects of smoking on COVID-19 infection have 
inevitably affected people's smoking behavior. However, 
the effects of the COVID-19 pandemic on smoking addiction 
are controversial. While tobacco use has increased in some 
countries since the beginning of the pandemic, tobacco 
cessation attempts and the success of these attempts have 
also increased (Veldhuizen et al., 2021).  

Changes in smoking behavior and quit attempts appear 
to be related to the socially restrictive measures taken to 
prevent the spread of the disease. The strict social isolation 
measures taken to prevent the spread of COVID-19 have led 
to the emergence of severe negative psychological 
symptoms. Smoking also appears to have increased to 
relieve these psychological symptoms (García-Álvarez et al., 
2020; Ornell et al., 2020). 

In the COVID-19 pandemic, restricted social life, job 
losses, remote working (Veldhuizen et al., 2021), the claim 
that smoking may be protective against the virus in COVID-
19 (Changeux et al., 2020; Paleiron et al., 2021; van Zyl-Smit 
et al., 2020) and coronaphobia (Ozcelik & Yilmaz Kara, 
2021) seem to have caused a change in tobacco use 
behavior and quitting behavior (Ozamiz-Etxebarria et al., 
2020; Ozcelik & Yilmaz Kara, 2021; van Zyl-Smit et al., 2020; 
Veldhuizen et al., 2021). Differences in health service 
delivery also seem to be effective on this change. With the 
restrictive measures taken to reduce transmission, health 
service delivery has also started to be provided virtually. 
Health services provided virtually seem to be effective on 
tobacco cessation behavior and patients in tobacco 
cessation programs (Veldhuizen et al., 2021).  

The emotional aspect of the issue cannot be ignored. At 
this point, studies showing that there is an increase in the 
number of former smokers who start smoking again after 
national disasters and an increase in the number of current 
smokers support this emotional burden (Lanctot et al., 
2008; Osaki et al., 2020; Parslow & Jorm, 2006; Vlahov et 
al., 2002). Interest in smoking cessation has also increased 
following these national disasters, along with increased use 
(Lanctot et al., 2008). 

As can be seen, it has not been clearly determined how 
smoking will be affected in the pandemic. Studies seem to 
have focused more on the effects of the association of 
smoking and COVID-19 infection on complications and 
mortality. And this negative association seems clear at this 
point. This negative association between smoking and 
COVID-19 creates an expectation that there will be an 
increase in smoking cessation attempts and success and 
that current smokers will reduce their smoking. However, 
due to the multifaceted emotional stress caused by the 
pandemic, there is an increase in smoking in most countries 
during this period (Carreras et al., 2022).  

At this point, it is seen that the COVID-19 pandemic has 
caused positive effects on some smokers and negative 
effects on others (Matsungo & Chopera, 2020; Pettigrew et 
al., 2020). More studies are needed to analyze nicotine 
dependence and smoking behavior in the COVID-19 
pandemic. In this study, we will investigate the change in 
tobacco use behavior during the pandemic in a group of 
patients with COVID-19, a contact group and a group of 
healthy patients without any contact. 

Smoking cessation is primarily a matter of intention. 
Therefore, participants should be asked about their 
smoking status and intentions. The risk of complications 
and mortality associated with smoking and COVID-19 
infection is well known. Given this information, it is 
expected that smoking will be reduced and cessation will 
increase during the pandemic period.  

The aim of this study was to investigate whether there 
is a change in the smoking behavior of individuals during 
the pandemic period. In addition, to determine the smoking 
and nicotine dependence status of COVID-19 positive, 
contacted or healthy individuals were compared to see if 
there was a change during the COVID-19 pandemic period. 
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Methods 

Study Design 

Our study is a cross-sectional, single-center study. 

Ethical Approval 

Prior to the study, study permission was obtained from 
the Ministry of Health with the application number 2021-
09-13T10_07_01. Afterwards, ethical approval was 
obtained from Atatürk University Faculty of Medicine 
Clinical Research Ethics Committee (approval date: 
30.09.2021/06). 

Setting and Study Period 

Our study was conducted in the Family Medicine Unit of 
Campus Education Family Health Center, which operates 
under Atatürk University Family Medicine Department, 
between October and December 2021. 

Participants  

In our study, simple random sampling was used, which 
was conducted on patients who presented to the Education 
Family Health Center with COVID-19 symptoms and 
complaints during the study period. Among these patients, 
patients over the age of 18 who were smokers, patients 
who were referred due to suspicion of COVID-19 and whose 
RT-PCR test result was positive, healthy people who were in 
isolation due to COVID-19 contact and who did not have any 
COVID-19 contact and symptoms were included in our 
study. Patients who were under 18 years of age and had not 
smoked before, pregnant, puerperant, emergency patients, 
patients with poor level of consciousness and patients who 
did not volunteer to participate in the study were not 
included in our study. 

Patients who met the study criteria formed three 
groups. Among these patients, patients with COVID-19 
symptoms and complaints and positive RT-PCR test results 
constituted the COVID-19 positive group, patients who 
were COVID-19 negative but were in isolation due to their 
contacts constituted the contact group, and healthy people 
without any COVID-19 contact and symptoms constituted 
the healthy group. 

Instrument  

In order to avoid contact with the patients included in 
our study and to prevent COVID-19 transmission and 
spread, they were asked to answer the study survey 

questions online or by phone. The demographic 
characteristics, smoking status, smoking status of the 
patients included in our study by fulfilling the inclusion 
criteria, smoking status before COVID-19 positive result or 
contact, and the change according to the COVID test result 
or after contact were evaluated with the Fagerström 
smoking dependence test. 

The Fagerström test of smoking dependence is the most 
widely used tool for diagnosing smokers who want to quit 
and for assessing smoking dependence. It has been shown 
to predict smoking cessation outcomes (Svicher et al., 
2018). The Turkish translation and validation study was 
conducted by Uysal et al. with a Cronbach alpha value of 
0.56 (Uysal et al., 2004). The test can be self-administered 
or administered by an interviewer. It has six questions with 
different scores, and participants will score from 0 to 10, 
with higher scores indicating higher addiction, 0-3 scores 
indicating minimal addiction, 4-6 scores indicating 
moderate addiction, and 7-10 scores indicating high 
addiction (Heatherton et al., 1991). 

Statistical Analysis 

The data obtained and the differences between the 
groups were statistically investigated with the SPSS 23.0 
program. Categorical data were presented as frequency 
and percentage, numerical data were presented as mean 
and standard deviation. Chi-square test was used in the 
statistical analysis of categorical data. Shapiro-Wilk test was 
used to determine the normal distribution of the data. One 
way ANOVA test was used in groups with normal 
distribution and Kruskal Wallis test was used in the analysis 
of independent groups in groups without normal 
distribution. Tukey test was used in post-hoc analysis and 
Spearman correlation test was used in correlation analysis. 
Statistical significance was taken as p<0.05. 

Results 

A total of 131 participants out of 167 patients were 
included in the study; the number of participants in the 
healthy group was 70, the number of participants in the 
COVID-19 negative but contacted group was 31, and the 
number of COVID-19 positive participants was 30. The 
proportion of male participants was 60% (n=42) in the 
healthy group, 83.9% (n=26) in the COVID-19 negative 
group, and 73.3% (n=22) in the COVID-19 positive group, 
with a borderline significant difference between the groups 
(p=0.048) (Table 1). The mean age was 41.09 ± 12.85 years 
in the healthy group, 38.21 ± 11.69 years in the COVID-19 
negative group, and 39.47 ± 11.66 years in the COVID-19 
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positive group, and there was no significant difference 
between the groups (p=0.360). The proportion of 
participants with chronic diseases was 56.4%, 72.0%, and 
72.0% in the healthy group, COVID-19 negative group, and 
COVID-19 positive group, respectively, and there was no 

statistical difference between them (p=0.250). Fagerström 
dependence scores were 1.82 ± 1.05; 1.53 ± 0.86; and 1.40 
± 0.72 in the healthy group, COVID-19 negative group, and 
COVID-19 positive group, respectively, with no statistical 
difference (p=0.175) (Table 2). 

Table 1.  Comparisons of Sex Distribution and Chronic Disease Existence in Study Groups 

 
Healthy COVID-19 Negative 

COVID-19 

Positive Chi-square P 

Count Column % Count Column % Count Column % 

Sex 
Male 42 60.0% 26 83.9% 22 73.3% 

6.082 0.048 
Female 28 40.0% 5 16.1% 8 26.7% 

Chronic Disease 
No 31 56.4% 18 72.0% 18 72.0% 

2.773 0.250 
Yes 24 43.6% 7 28.0% 7 28.0% 

(Note: Bold P value indicates statistical significance.) 

The daily cigarette use of the participants before and 
after the pandemic is presented in Table 3 and it was found 
that the average cigarette use rates decreased in all three 
groups. Statistically, it was determined that there was a 
significant decrease in smoking rates in all three groups 
compared to before the pandemic (p<0.01). When the 
smoking status of the participants before and during the 
COVID-19 pandemic was questioned, it was found that 
there was a decrease in cigarette consumption of 1.13 ± 
4.17 in the healthy group, 3.97 ± 5.31 in the COVID-19 
negative group, and 10.14 ± 7.86 in the COVID-19 positive 
group, which was statistically significant (p<0.001) (Table 
4). 

When the participants were questioned about their 
desire to quit smoking, there was a statistical difference 
between the groups (p=0.045), but in post-hoc analysis, 
those in the COVID-19 positive group were more likely to 
consider quitting smoking. According to gender, although 
males and those without chronic diseases were more likely 
to consider quitting smoking, there was no statistical 
difference (p>0.05) (Table 5). 

The Fagerström dependence score was 1.58 ± 0.87 and 
1.75 ± 1.05 in those who considered quitting smoking and 
those who did not, respectively, but there was no statistical 
difference between them (p=0.330). 
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Table 2. Comparison of Age Distribution and Fagerstrom Nicotine Dependence Test Scores Among Study Groups 

 Age Chi-square P Fagerstrom Chi-square P 

H
e

al
th

y 

 

Mean 41.09 

0
.8

3
8

 

0
.3

6
0

 

1.82 

1
.8

3
7

 

0
.1

7
5

 

Std. 

Deviation 
12.85 1.05 

Median 42.50 1.50 

Minimum 19.00 1.00 

Maximum 68.00 5.00 

C
O

V
ID

-1
9 

N
e

ga
ti

ve
 

 

Mean 38.21 1.53 

Std. 

Deviation 
11.69 0.86 

Median 36.00 1.00 

Minimum 19.00 1.00 

Maximum 59.00 4.00 

C
O

V
ID

-1
9 

Po
si

ti
ve

 

Mean 39.47 1.40 

Std. 

Deviation 
11.66 0.72 

Median 39.50 1.00 

Minimum 18.00 1.00 

Maximum 59.00 4.00 

The correlation according to the age, Fagerström score, 
number of cigarettes use before and during the pandemic 
of the participants in the groups is presented in Table 6. 
Accordingly, the amount of smoking before the pandemic 
and smoking during the pandemic were positively 
correlated in all groups. In the healthy group, there was a 
weak positive correlation between age and smoking before 

and during the pandemic. In both the healthy group and the 
COVID-19 negative group, there was a strong positive 
correlation between the Fagerström score and the amount 
of smoking before and during the pandemic. In the COVID-
19 positive group, there was a positive correlation between 
Fagerström score and smoking only before the pandemic. 
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Table 3. Comparison Between Study Groups of Participants' Previous and Current Amount of Smoking Per Day 

 Previous Smoking (Count/Day) Recent Smoking (Count/Day) Z P 
H

ea
lt

h
y 

 
Mean 13.34 12.21 

-2
.6

6
8

 

 
0.

00
8

 

 

Std. Deviation 9.12 8.51 

Median 10.00 10.00 

Minimum 1.00 1.00 

Maximum 40.00 40.00 

C
O

V
ID

-1
9

 N
eg

at
iv

e
 

 

Mean 14.20 10.23 

-3
.5

2
3

 

 
<0

.0
0

1
 

 

Std. Deviation 9.06 8.98 

Median 15.00 7.00 

Minimum 2.00 0.00 

Maximum 40.00 40.00 

C
O

V
ID

-1
9

 P
o

si
ti

ve
 

 

Mean 13.54 3.39 

-4
.3

7
7

 

<0
.0

0
1

 Std. Deviation 8.80 3.20 

Median 10.00 3.00 

Minimum 1.00 0.00 

Maximum 30.00 10.00 

Chi-square 0.230 2.149  

 P 0.631 0.143 

(Note: Bold P values indicate statistical significance.
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Table 4. Daily Change in Past and Current Smoking of the Study Group 

 Daily Smoking Amount Change Chi-square P 

Healthy 

 

Mean 1.13 

52.389 <0.001 

Std. Deviation 4.17 

Median 0.00 

Minimum 0.00 

Maximum 30.00 

COVID-19 Negative 

 

Mean 3.97 

Std. Deviation 5.31 

Median 1.50 

Minimum 0.00 

Maximum 18.00 

COVID-19 Positive 

Mean 10.14 

Std. Deviation 7.86 

Median 7.50 

Minimum 0.00 

Maximum 27.00 

(Note: Bold P value indicates statistical significance.) 

Table 5. Comparison of Study Groups in Terms of Participants with and without Smoking Cessation Plans 

 

Planning to Quit 

Smoking 

Not Planning to Quit 

Smoking 
Chi-

square 
P 

Count Row % Count Row % 

COVID- 19 

Groups 

 

Healthy 34a 49.28% 35a 50.72% 
6.

20
7

 

0.
04

5
 COVID-19 

Negative 
15a 48.39% 16a 51.61% 

COVID-19 Positive 7a 23.33% 23b 76.67% 

Age 

 

1 34 38.20% 55 61.80% 

2.
73

5
 

0.
09

8
 

2 22 53.66% 19 46.34% 

Chronic Disease 
No 26 38.81% 41 61.19% 

1.
24

1
 

0.
26

5
 

Yes 19 50.00% 19 50.00% 

(Note: Similar lowercase letters indicate statistical equality, while different lowercase letters indicate statistical difference. 
Bold P value indicates statistical significance.) 
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Table 6. Spearman's Correlation Test Results of Study Groups 

 Age Fagerstrom Previous Smoking Current Smoking 

Healthy Group 

 

Age 

 

r 1.000 0.226 0.258* 0.283* 

p  0.063 0.034 0.019 

Fagerstrom 

 

r  1.000 0.753** 0.707** 

p   0.000 0.000 

Previous Smoking 

 

r   1.000 0.945** 

p    0.000 

Current Smoking 

 

r    1.000 

p     

COVID-19 

Negative Group 

 

Age 

 

r 1.000 0.275 0.318 0.232 

p  0.156 0.099 0.235 

Fagerstrom 

 

r  1.000 0.751** 0.721** 

p   0.000 0.000 

Previous Smoking 

 

r   1.000 0.759** 

p    0.000 

Current Smoking 

 

r    1.000 

p     

COVID-19 

Positive 

Age 

 

r 1.000 0.371* 0.198 -0.077 

p  0.043 0.311 0.698 

Fagerstrom 

 

r  1.000 0.640** 0.214 

p   0.000 0.274 

Previous Smoking 

 

r   1.000 0.474* 

p    0.011 

Current Smoking 
r    1.000 

p     

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 

Discussion 

Within the scope of our study, demographic 
characteristics, amount of cigarette use and smoking 
cessation thoughts were compared between the groups 
whose RT-PCR test results were negative or positive due to 
the fact that the individuals who smoked during the COVID-
19 pandemic were healthy or had symptoms and were 
contacts. According to the data we obtained, there was a 
statistically significant decrease in the amount of cigarette 

use in all three groups compared to before the pandemic, 
but the highest decrease in the amount of cigarette 
consumption was found in COVID-19 positive patients. The 
thought of quitting smoking was again found to be 
significantly different in the COVID-19 positive group. 
However, there was no significant difference between the 
groups in terms of gender, presence of chronic disease or 
Fagerström dependence test score. 

Since COVID-19 patients present with pulmonary 
symptoms and clinic such as shortness of breath, cough, 
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pneumonia and smoking among the patient groups at risk 
for COVID-19 (Reddy et al., 2021), it can be thought that 
there is an awareness in the society for smoking cessation 
and thus smoking rates have decreased. On the other hand, 
it is also possible that smoking may have increased due to 
fear of COVID-19, uncertainties about the future and 
psychological stress caused by COVID-19 in other studies in 
the literature (Rahman et al., 2020). However, what may 
cause the greatest confusion is the existence of studies 
showing that smoking is protective against COVID-19 
(Tsigaris & Teixeira da Silva, 2020). Therefore, there is a 
need to investigate the smoking behaviors and addiction 
levels of individuals in the COVID-19 pandemic in order to 
develop smoking-related counseling and health policy. In 
this study, no significant difference was found between the 
Fagerström dependence test score and the intention to quit 
smoking. In this context, smoking counseling should be 
offered by all physicians to all groups of smokers, regardless 
of their addiction level. 

The harmful effects of smoking on health and its 
association with lung diseases are well known (O'Keeffe et 
al., 2018; Strzelak et al., 2018). In the current COVID-19 
pandemic, as smoking worsens symptoms and prognosis (R. 
Patanavanich & S. A. Glantz, 2020), more practices and 
counseling to encourage smoking cessation are needed. As 
found in our study, the population decreased their smoking 
rates and are tender to quit smoking, this tendency should 
be empowered and consultations should be applied. 

Limitations 

Our study has several limitations. First, the sample size 
is small and the study was conducted in a single center, 
which limits the generalizability of the study results. 
Multicenter studies with larger sample sizes are needed. 
Second, nicotine dependence and smoking cessation 
intentions were self-reported by participants and therefore 
may not be an accurate reflection of the truth. Third, the 
study was conducted in the middle of the pandemic, when 
everyone was still under the effects of COVID-19, which 
may have influenced the participants' decisions. Longer 
cohort studies are needed to see smoking cessation success 
rates.  

Conclusion and Recommendation 

It has been determined that smoking rates have 
decreased during the COVID-19 pandemic.  Every individual 
who quits smoking with efforts to quit smoking will be an 
asset to society. In the COVID-19 pandemic, it should be an 
important goal for every physician to turn the decrease in 

smoking rates into an opportunity and to ensure smoking 
cessation by encouraging and strengthening smoking 
cessation counseling. With this goal, it should be planned to 
raise awareness, develop new strategies and new projects 
by investigating smoking and nicotine addiction levels. 
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Anticancer Potential of Watermelon Seed 
Extracts Against Lung and Breast Cancer Cell 
Lines 

 ABSTRACT 
 
Objective: The aim of the study is to evaluate the anticancer potential of watermelon seed 
extracts against lung and breast cancer cell lines.  

Methods: A549 lung cancer and MCF-7 breast cancer cell lines were used. The cells were 
treated with doses ranging from 0.1 to 1000 µg/mL of KI (inner part) and KD (outer part) 
extracts from watermelon seeds, starting when the cell density reached 80%. Viability was 
assessed using the MTT assay.     

Results: For the A549 lung cell line, the KI extract demonstrated significant anticancer activity 
at doses of 10, 100, and 1000 µg/mL, with the 1000 µg/mL dose being the most effective 
against lung cancer cell line. Similarly, the KD extract showed efficacy across all doses tested, 
with the seed peel being effective at lower doses compared to the seed. In the MCF-7 breast 
cell line, both KI and KD extracts exhibited dose-dependent anticancer effects, with 
significant reductions in viability observed at all doses compared to the control group.  

Conclusion: Interestingly, the seed and seed shell showed selective effectiveness against 
breast and lung cancer, indicating a dose-dependent and selective anticancer effect. Overall, 
these findings suggest the potential of watermelon seed extracts as promising anticancer 
agents with selective efficacy against different cancer types. 
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Introduction 

Cancer is defined as one of the significant diseases 
worldwide with a high mortality rate (Aydın and Köseoğlu, 
2022). It is a disease that can affect any organ or tissue in 
our body and arises from the transformation of our body's 
own cells for various reasons. The most significant 
characteristic of cancer is the abnormal cells gaining the 
ability to divide rapidly and uncontrollably, invading nearby 
tissues and organs without restraint, and furthermore, 
spreading to distant organs and tissues through the 
bloodstream. The most common cause of death from 
cancer is metastasis. While there are many known causes 
of cancer, there are also many unknowns about cancer 
today. About 30% of cancers can be prevented with simple 
measures. Many types of cancer, such as lung, breast, 
colorectal, laryngeal, and stomach cancer, can be treated 
when diagnosed early (Özyiğit, 2017). In addition, cancer 
patients are in search of many new treatment options in 
addition to the current ones. 

Breast cancer is one of the most common cancers in 
women worldwide and represents a major public health 
concern. The MCF-7 cell line is a human breast cancer cell 
line commonly used in breast cancer research. This cell line 
is used to evaluate the effects of cancer drugs in in vitro 
studies.  The MCF-7 cell line is a breast cancer cell line with 
estrogen receptors and is widely used in breast cancer 
studies (Aybek et al., 2020). The A549 cell line is a cell line 
derived from human lung adenocarcinoma and is widely 
used in lung cancer research (Xu et al., 2022). Genetic 
factors, environmental factors, dietary habits, sedentary 
lifestyle, infections, and exposure to chemicals can be listed 
among the causes of cancer.  

Foods provide essential substances for the organism's 
metabolic needs, such as proteins, and additionally contain 
components, like secondary metabolites, that have positive 
effects on our health (Arı et al., 2017).  

Healthy eating is crucial for preventing diseases. In 
particular, antioxidant nutrition is important to combat the 
effects of free radicals. Antioxidant nutrients can be defined 
as substances that can neutralize some or all of the adverse 
effects caused by free oxygen radicals that occur in 
physiological conditions in humans (Yılmaz, 2010). A good 
antioxidant eliminates free oxygen radicals in a specific 
manner, chelates redox metals, triggers other antioxidants 
within the antioxidant network, and has a positive effect on 
gene expression (Arı et al., 2017). Antioxidants such as 
anthocyanins, and phenolic compounds play an important 

role in reducing the function of free radicals. It is necessary 
to have certain foods containing these elements in our daily 
diet. Recent studies have shown evidence supporting the 
appropriate use of particularly red and purple pigmented 
foods as anticarcinogenic (Dyshlovoy and Honecker, 2020). 
Examples of such foods include eggplant, damson plums, 
purple grapes, blackberries, blueberries, elderberries, 
purple onions, purple rice, lavender, and watermelon, 
(Aydın and Köseoğlu, 2022).  

Watermelon (Citrullus lanatus [Thunb.] Matsum. & 
Nakai) is an annual creeping plant belonging to the 
Cucurbitaceae family. The fleshy part of the mature fruit 
(endocarp) can vary in color from yellow to red and contains 
numerous black seeds. Watermelon seeds contain 
approximately 30-40% protein and 45% edible oil. This oil is 
rich in linoleic acid, oleic acid, palmitic acid, and stearic acid 
(Baser, 2022). The coumarins isolated from watermelon 
seeds have been reported to be effective against the 
abnormal growth of various cancer cell lines (Mustafa et al., 
2024). Also it is known that antioxidant compounds such as 
lycopene and tocopherol found in extracts from 
watermelon fruit have biological effects on lung cancer (Di 
Sano et al., 2022). Phytol isolated from watermelon sprouts 
inhibited the growth of human T-cell leukemia Jurkat cells 
and suppressed tumor progression in human lung 
adenocarcinoma epithelial cell line (Itoh et al., 2018).  

In this study, the effect of the extract obtained from 
watermelon seeds on lung and breast cancer cell lines has 
been investigated. 

Methods 

Plant Material 

Watermelon was brought from Şanlıurfa in September 
2022. The outer part (KD, 11.128 g) and inner part (KI, 9.634 
g) of watermelon seeds were used as the plant material. 

Extraction 

The specified amounts of plant materials were 
powdered to an appropriate size and transferred to 500 ml 
erlenmeyer flasks. 100 ml of absolute ethanol (Sigma-
Aldrich) was added to each flask. They were left for 
maceration overnight and extracted for 3 hours at 40°C on 
a magnetic stirrer. This process was repeated twice. After 
the extraction process, the extracts were filtered, 
combined, and the solvents were evaporated using a rotary 
evaporator at 40°C and 120 rpm. As a result, 96 mg of 
extract was obtained from the outer parts of the 
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watermelon seeds, while 75 mg of extract was obtained 
from the inner parts. 

A549 Lung and MCF-7 Breast Cancer Cells Culture 
Experiments 

A549 lung and MCF-7 breast cancer cell lines were 
obtained for our research from the Department of Medical 
Pharmacology, Atatürk University, Erzurum, Türkiye. 
Briefly, the cell suspension was centrifuged at 1200 

revolutions per minute for 5 minutes. Cells were suspended 
in a new medium, Dulbeco's modified Eagle's medium 
(DMEM HG), containing 10% fetal bovine serum (FBS) and 
1% antibiotics (penicillin, streptomycin and amphotericin 
B). The cells were then collected in a flask with a surface 
area of 25 cm2. The flask was placed in an incubator with a 
carbon dioxide concentration of 5% and a temperature of 
37°C. Once 80% of the flask is covered with cells, they will 
be extracted using a trypsin-ethylenediaminetetetraacetic 
acid (EDTA) solution (0.25% trypsin - 0.02% EDTA) followed 
by centrifugation. The liquid portion will be removed and 
the cell mixture will be dispensed into 96-well tissue culture 
plates at a volume of 100 µl per well (containing 10,000 cells 
per well). 

Experimental Protocol 

When the cells in the plates reached 80% density, the 
experimental design was established by determining 0.1, 1, 
10, 100 and 1000 µg/ml concentrations for watermelon 
extracts. A wide range of concentrations was studied to find 
the effective dose. 96-well flasks were inoculated with pre-
seeded cells reaching 80% density. Cells were cultured in 
5% CO2 at 37°C for 24 hours. 10 replicates were used for 
each concentration. 

MTT Assay (Cytotoxicity Analysis) 
Foods provide essential substances for the organism's 

metabolic needs, such as proteins, and additionally contain 
components, like secondary metabolites, that have positive 
effects on our health (Arı et al., 2017).  

The assay was completed after 24 hours, at which point 
10 μl 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
bromide (MTT) was added to each well. The samples were 
incubated for 4 hours after the addition of MTT. Dimethyl 

sulfoxide (DMSO) in a volume of 100 μl per well will be 
applied to dissolve formazan crystals formed after MTT 
treatment. A spectrophotometer (µQuant, Bad 
Friedrichshall, Biotek) was used to measure absorbance at 
a wavelength of 570 nm.  

Statistical Analysis 

The data was analyzed using one-way analysis of 
variance (ANOVA) with post hoc Tukey's test (IBM SPSS 
22.0). Statistical significance was determined at *p < 0.05 
and **p < 0.001. The data were presented as the mean 
value plus or minus the standard deviation (SD). 

Results 

Experiments were performed with A549 lung cancer and 
MCF-7 breast cancer cell lines in cell culture. The 
experiment was initiated when the cell density in the wells 
reached 80%. Doses of 0.1, 1, 10, 100 and 1000 µg/mL of KI 
and KD extracts of watermelon seeds were prepared and 
A549 and MCF-7 cancer cell lines were treated for 24 hours. 
At the end of 24 hours, the cells were subjected to MTT 
assay and viability values were measured. 

The MTT test results obtained by administering KI 

 
Figure 1. MTT results of KI and KD extracts in A549 lung cancer cell line (*p<0.05, **p<0.001 compared to control group) 
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extract to A549 lung cell line are presented in Figure 1. In 
the study, when the determined doses of the KI extract 
were compared with the control group, the viability rates in 
the 10, 100 and 1000 µg/mL groups were statistically 
significant. Cell viability levels were determined by 
proportioning the control groups to 100%. Watermelon 
seeds showed anti-cancer activity depending on the dose. 
1000 µg/mL dose was found to be the most effective 
anticancer dose against lung adenocarcinoma type. 

The MTT test results obtained by administering KD 
extract to A549 lung cell line are presented in Figure 1. 

When the doses of KD extract were compared with the 
control group, the viability rates in all groups were found to 
be statistically different. It was an important result that 
watermelon seed peel was effective at the lowest 2 doses 
compared to the seed, while the effect could occur at the 
highest 3 doses tested in the seed. In addition, the dose-
dependent increase in potency was similar for both 
watermelon seed extracts tested. 

The MTT test results obtained by administering KI 
extract to MCF-7 breast cell line are presented in Figure 2. 
In the study, when the doses of the control group and KI 
extract were compared, the viability rates in all groups were 
statistically significant. The effect was dose dependent.  

The MTT test results obtained by administering KD 
extract to MCF-7 cell line are presented in Figure 2. In the 
study, when the doses of KD extract were compared with 
the control group, the viability rates in the 10, 100 and 1000 
µg/mL groups were statistically significant. Cancer killing 
rates were not significant at the lowest 2 doses. 

While the seed was found effective in breast cancer at 

all doses, the seed shell was found effective in lung cancer 
at all doses. In other words, there is a selective effect. At 
high doses, a killing rate approaching 25% in cancer cell 
numbers was obtained. 

Discussion 

Cancer is a pathological condition characterized by the 
uncontrolled proliferation and growth of cells in various 
organs or tissues of the body. Typically, cells undergo 
division and subsequent death in a specific order, but 
cancer cell lines deviate from this pattern (Ohshima and 

Morii, 2021). Cancer does not emerge only due to excessive 
and uncontrolled growth. In addition, the cell must exhibit 
additional malignant characteristics, including the ability to 
invade adjacent healthy tissues and migrate to neighboring 
healthy tissues via circulation, a process known as 
metastasis (Hanahan and Weinberg, 2000). 

The findings of this study demonstrate the potential 
anti-cancer properties of watermelon seed extracts, 
particularly the KI and KD extracts, against both A549 lung 
cancer and MCF-7 breast cancer cell lines. These results 
shed light on the dose-dependent efficacy and selective 
effects of the extracts, providing valuable insights into their 
mechanisms of action and potential applications in cancer 
treatment. 

One of the key observations from this study is the 
significant decrease in cell viability rates observed in 
response to treatment with both KI and KD extracts across 
various doses. Particularly noteworthy is the substantial 
anti-cancer activity exhibited by the KI extract against A549 
lung cancer cell lines, with statistically significant reductions 
in viability observed at doses of 10 µg/mL and above. This 

 
Figure 2. MTT results of KI and KD extracts in MCF-7 breast cancer cell line (*p<0.05, **p<0.001 compared to control 

group) 



  
25 

 

Recent Trends in Pharmacology 

indicates the potent cytotoxic effects of the KI extract on 
lung cancer cell lines, with the highest dose of 1000 µg/mL 
yielding the most pronounced anti-cancer activity. 

Similarly, the KD extract also demonstrated notable 
efficacy against A549 lung cancer cell lines, with statistically 
significant reductions in viability observed across all doses 
tested. Interestingly, the KD extract showed effectiveness 
at lower doses compared to the KI extract, suggesting a 
potentially higher potency or different mechanism of action 
for the KD extract, possibly attributed to the presence of 
specific bioactive compounds concentrated in the seed 
peel. 

In the case of MCF-7 breast cancer cell lines, both KI and 
KD extracts exhibited dose-dependent anticancer effects, 
with statistically significant reductions in viability observed 
across all doses tested. This indicates the broad-spectrum 
anticancer potential of watermelon seed extracts against 
different cancer cell lines, highlighting their versatility as 
potential therapeutic agents for breast cancer treatment. 

Furthermore, the selective efficacy of watermelon seed 
extracts, with the seed shell demonstrating effectiveness 
against lung cancer cell lines and the seed against breast 
cancer cell lines, is particularly intriguing. This suggests the 
presence of differential molecular targets or cellular 
pathways in these cancer types that are selectively 
modulated by specific components of the extracts. 
Understanding the underlying mechanisms driving this 
selective effect could provide valuable insights into the 
development of targeted therapies for different cancer 
types. 

Overall, the findings of this study underscore the 
promising anti-cancer properties of watermelon seed 
extracts and warrant further investigation into their 
therapeutic potential. Future studies focusing on 
elucidating the molecular mechanisms of action, identifying 
key bioactive compounds, and evaluating the efficacy of 
these extracts in in vivo models and clinical trials are 
warranted to fully harness their therapeutic benefits in 
cancer treatment. 

Conclusion and Recommendations 

This study demonstrates the selective and dose-
dependent anticancer effects of watermelon seed extracts 
on A549 lung and MCF-7 breast cancer cell lines. Both KI 
and KD extracts exhibited dose-dependent efficacy against 
both lung and breast cancer cell lines. In conclusion, 
watermelon seed extracts hold promising potential as 

natural and effective anticancer agents. Further studies are 
needed to elucidate the mechanisms of action and in vivo 
efficacy. 
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In Silico Elucidation of the Binding Mechanisms 
and Molecular Dynamics of Oroxylin A -2,3-
Dioxygenase Interaction: An Insight into 
Therapeutic Potentiation of Quercetin’s 
Cardioprotection 

 
ABSTRACT 
 
Objective: Elucidating the intricate interplay between enzymes and natural compounds is 
essential for designing therapeutic strategies.  
 
Methods:This study employs advanced computational techniques to explore the binding 
mechanisms between quercetin 2,3-dioxygenase (QDO) and oroxylin A, revealing specific 
interaction patterns and key residues crucial to the formation of the QDO-oroxylin A 
complex.  
 
Results:Molecular docking simulations revealed a favorable binding affinity (docking score: -
5.6 kcal/mol) between Oroxylin A and the active site cavity of QDO, which was supported by 
Oroxylin A's specific orientation (Pose 3). Despite an observed root-mean-square deviation 
(RMSD) value of 2.776 indicating a moderate deviation between the docked pose and the 
reference structure, the formation of two hydrogen bonds with GLN 93 chain D underscores 
specific molecular interactions driving the binding process. This hydrogen bond formation 
suggested the presence of a stable and specific binding mode between Oroxylin A and QDO, 
likely influencing the functional dynamics of the enzyme, necessitating further refinement 
and validation of the docking model.  
Conclusion:The ensuing deliberation on the implications of Oroxylin A include its potential as 
a modulator of QDO activity, emphasizing the importance of molecular-level insights in 
comprehending enzyme-compound interactions. Oroxylin A, a quercetin 2,3-dioxygenase 
inhibitor, was used in combination with other agents to prolong the biological impacts of 
quercetin, thereby amplifying its antioxidant and anti-inflammatory effects. This strategic 
approach exhibits promise in augmenting cardioprotective benefits, immune system 
support, and protection against diverse pathological conditions. Subsequent considerations 
of dosage, bioavailability, and healthcare professional consultation are imperative for 
judicious supplementation, particularly in individuals with prevailing health conditions or 
medications. This ongoing in silico study is dedicated to revealing the potential synergistic 
interactions of Oroxylin A, potentiating the long-term effects of quercetin and advancing our 
understanding of these intricacies. 

Keywords: Quercetin, Quercetin 2,3-dioxygenase (QDO), Oroxylin A, Molecular docking, 
Antioxidant, Cardioprotection 
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Introduction 

Cardiovascular diseases (CVDs) stand as prominent 
contributors to global mortality rates and necessitate the 
development of novel therapeutic interventions to combat 
this global health burden (Liu et al., 2021). Quercetin, a 
flavonoid abundantly found in various dietary sources, has 
garnered increased amounts of attention for its potential 
cardioprotective effects (Oboh et al., 2016). Quercetin, a 
polyphenolic compound abundant in various vegetables, 
fruits, and beverages such as red wine and tea, it exhibits a 
diverse array of pharmacological activities (Batiha et al., 
2020). As a potent antioxidant, quercetin scavenges 
reactive oxygen species (ROS) furthermore, it provides 
protection against oxidative stress-induced damage in 
vascular endothelial cells and cardiomyocytes (Chang et al., 
2021). Additionally, quercetin demonstrates anti-
inflammatory properties by inhibiting proinflammatory 
cytokines and regulating intracellular signaling pathways 
implicated in the development of CVD (Hu et al., 2019). 
Additionally, quercetin has been shown to inhibit platelet 
aggregation, endothelial dysfunction, and smooth muscle 
cell proliferation, thus exerting antiatherogenic effects (Li 
and Zhang 2023). The pathophysiology of CVD is 
multifactorial and involves complex interactions between 
genetic, environmental, and lifestyle factors (Aggarwal et 
al., 2023). Quercetin targets several key mechanisms 
implicated in the progression and development of CVDs, 
comprising oxidative stress, endothelial dysfunction, 
dyslipidemia, inflammation, and thrombosis (Zhang et al., 
2023). By enhancing nitric oxide synthase produced by 
endothelial cells (eNOS) activity and promoting the 
molecule known as nitric oxide (NO) production, quercetin 
improves endothelial function and vascular tone, thereby 
reducing the risk of hypertension and atherosclerosis 
(Yamagata 2023). Furthermore, quercetin attenuates lipid 
peroxidation, inhibits the expression of adhesion 
molecules, and suppresses The pathway of nuclear factor-
kappa B (NF-κB), resulting in diminished vascular 
inflammatory response and plaque formation (Yan et al., 
2023). Moreover, quercetin modulates lipid metabolism by 
regulating the activation of genes involved in lipid synthesis 
and breakdown, resulting in improved lipid profiles and a 
reduced risk of dyslipidemia-related CVDs 
(Papakyriakopoulou et al., 2022). Experimental studies 
using cell culture and animal models have provided 
compelling evidence supporting the cardioprotective 
effects of quercetin. These studies demonstrated that 
quercetin supplementation attenuates myocardial 
ischemia‒reperfusion injury, preserves heart function, and 
decreases the size of tissue damage in animal models of 

heart attack (Papakyriakopoulou et al., 2022; Bartekova et 
al., 2010). Moreover, research has demonstrated that 
administering quercetin improves hypertension, improve 
endothelial function, and inhibit atherosclerotic lesion 
formation in various animal models of CVD (Patel et al., 
2018). In clinical trials and meta-analyses involving human 
subjects, quercetin supplementation has been linked to 
enhancements in endothelial function, blood pressure, lipid 
profiles, and glycemic control, suggesting its potential 
therapeutic utility in CVD prevention and management 
(Yamagata and Yamori 2020). However,the effectiveness of 
quercetin therapy is constrained by its poor bioavailability 
and rapid metabolism, which are primarily mediated by 
enzymes such as quercetin 2,3-dioxygenase (Guo et al., 
2022). Recent studies have identified oroxylin A, a natural 
flavone extracted from Scutellaria baicalensis Georgi, as a 
potential modulator of quercetin metabolism through 
interaction with quercetin 2,3-dioxygenase (Wang et al., 
2014). Recent research has explored strategies to modulate 
quercetin metabolism and enhance its therapeutic 
potential. One such approach involves the use of oroxylin 
A, a natural flavone found in the plant Scutellaria 
baicalensis Georgi. Oroxylin A has been shown to interact 
with QDO, potentially influencing the degradation 
pathways of quercetin and altering its biological effects. 

Despite the promising findings from preclinical and 
clinical studies, several challenges must be addressed to 
realize the full therapeutic potential of quercetin in CVD 
treatment. These challenges include issues related to 
bioavailability, formulation optimization, dose selection, 
and standardization of quercetin-containing products 
(Alizadeh and Ebrahimzadeh 2022; Khan et al., 2021). 
Moreover, the heterogeneity of study designs, patient 
populations, and outcome measures in clinical trials 
necessitates careful interpretation of the existing evidence 
and emphasizes the necessity for randomized controlled 
trials and well-designed with longer follow-up periods and 
larger sample sizes. Additionally, future investigation 
efforts should focus on elucidating the underlying 
mechanisms of quercetin's actions on specific CVD subtypes 
and identifying potential synergistic interactions with other 
cardiovascular medications. 

In addition to performing a computer-based 
investigation, this study aimed to closely examine the 
intricate relationship between quercetin 2,3-dioxygenase 
and oroxylin A. The goal was to uncover crucial insights that 
can improve the effectiveness of quercetin and open the 
door to innovative therapeutic strategies for CVD 
treatment. By using computational methods, we aimed to 
thoroughly explore this interaction, shedding light on its 
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potential as a target for CVD drug intervention. This 
research not only investigated the molecular dynamics 
(MD) of the interaction between quercetin 2,3-dioxygenase 
and oroxylin A but also emphasized its broader implications 
for cardiovascular health, offering a hopeful avenue for the 
advancement of novel medications for cardiovascular 
disease therapy. 

Materials and Methods 

Ligand and protein preparation  

The preparation of ligands and proteins for molecular 
docking commenced with the creation of PDBQT files, 
facilitated by UCSF Chimera software version 1.17.3 UCSF 
Chimera serves as a versatile tool for molecular 
visualization and analysis platform renowned for its 
advanced features, including structure visualization, 
trajectory analysis, and sequence alignment. While UCSF 
Chimera remains freely available for academic purposes, its 
successor, UCSF ChimeraX, provides expanded capabilities 
and is recommended for activities including structure 
preparation, acquiring 3D structures and docking 
(Pettersen et al., 2004). For docking a strategy that involved 
a flexible ligand and a rigid protein was implemented 
(Totrov and Abagyan 2008), wherein the receptor molecule 
maintained a rigid conformation while the ligand exhibited 
flexibility. Preparing the protein receptor included 
eliminating water molecules, consolidating nonpolar 
atoms, and assigning Kollman and Gasteiger charges 
(Mustafa et al., 2023). 

The 3D structure of Oroxylin A (CID: 5320315) was 
retrieved from the PubChem database, which contains a 
comprehensive platform interconnecting substance, 
compound, and bioAssay database) (Kim et al., 2023). 
Subsequently, optimization and minimization of Oroxylin A 
were performed using the ChemBioDraw Ultra 14 suite, 
which is renowned for analyzing and drawing chemical 
structures (PerkinElmer 2023). 

To visualize Oroxylin A in 3D, PyMOL software was used; 
PyMOL is known for its ability to generate high-quality 
molecular structures and facilitate molecular analysis, 
including structure visualization and simulation trajectory 
visualization (Figure 1A). 

The X-ray crystallographic coordinates of QDO (PDB: 
1JUH) were obtained from the RCSB database, which serves 
as a comprehensive archive of three-dimensional structural 
data for biological molecules (Figure 1.B). Finally, the 
preparation of docking and minimization structures for 

both ligands and receptors were accomplished using 
software UCSF Chimera version 1.17.3, enabling 
comprehensive preparation for subsequent molecular 
docking simulations. 

Docking Protocol for Molecular Interactions  

At the first,the CASTp online server was used for 
detecting active site of protein (Tian et al., 2016). 
Subsequently, the grid box dimensions were established as 
(20 × 20 × 20 Å), with the grid center set at coordinates 
(51.823, 12.609, 32.233) relative to the QDO using the 
software's configuration parameters. Molecular docking 
simulations of Oroxylin A and QDO were conducted utilizing 
the UCSF Chimera+Autodockvina32 software platform 
(Trott and Olson 2010). AutoDock Vina, a widely used open-
source software designed specifically for molecular 
docking, was used for the computational prediction of the 
preferred orientation of Oroxylin A in relation to QDO to 
form a stable complex. This analysis encompassed 
evaluating hydrogen bond interactions and binding 
affinities, providing crucial insights into the molecular 
interactions between Oroxylin A and QDO within the active 
site. 

Interaction between Quercetin 2,3-dioxygenase and 
the Oroxylin A complex  

For analyzing proteins and ligand interactions, the 
Protein Ligand Interaction Profiler (PLIP) online server was 
performed (Adasme et al., 2021). This online server offers a 
free platform for examining protein–ligand interactions, 
offering valuable insights into binding energies, binding 
modes and interaction types. Widely employed in structural 
biology and drug discovery, the PLIP server facilitates the 
exploration of protein–ligand interactions crucial for 
designing novel drugs and therapies. Additionally, a 2D 
representation of the QDO and Oroxylin A complex was 
obtained from Discovery Studio Visualizer v21.1.0.20298 
software ((BIOVIA, Dassault Systèmes, San Diego, CA, USA). 
The BIOVIA Discovery Studio Visualizer software represents 
a robust molecular visualization tool equipped with 
advanced features tailored for small molecule and protein 
data analysis. Its functionalities include creating high-
fidelity 3D structures, facilitating comprehensive structure 
analysis, visualizing simulation trajectories and molecular 
docking. Users can leverage features such as distance 
measurements, angle determination, dihedral analysis, 
neighbor identification, and visualization of electrostatic 
surface potentials. In this study, we employed the BIOVIA 
Discovery Studio Visualizer to generate both 2D interaction 
visualizations and 3D representations of the QDO and 
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Oroxylin A complex, allowing for detailed examination and 
analysis of their molecular interactions. 

 

Figure 1. 3D structure of Oroxylin (A); Crystal structure of 
QDO (PDB: 1JUH) (B) 

 

Figure 2. Docking of QDO and Oroxylin A (A); QDO and 
Oroxylin A complex (B) 

 

Figure 3. 2D diagram of the interaction between QDO and 
Oroxylin A 

 

 

 

 

 

 

Table 1. Interaction between QDO and Oroxylin A according 
to the PLIP server 
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MD Study 

We utilized the GROMACS 2023 software (Rao et al., 
2023) to conduct the simulations. To begin with, we 
prepared topology and coordinate files, employing the 
CHARMM36 force field for the intermolecular potential 
which was represented as a summation of Lennard-Jones 
(LJ) force and pairwise Coulomb interaction. The long-range 
electrostatic force was managed using the particle mesh 
Ewald (PME) method, and the numerical integration was 
executed through the velocity Verlet algorithm (Gharaghani 
et al., 2013). The system, under the condition of periodic 
boundary, was submerged in a water box shaped like a cube 
that contained water molecules with extended simple 
point-charge (SPC) atoms, positioned at a distance of 1 nm 
from each wall side. The neutrality of the system was 
confirmed, and 15 sodium ions were introduced in order to 
neutralize it, resulting in a system with 15 NA+ ions and 
15756 solvent atoms. The energy minimization process, 
comprising of 50,000 steps for 2 fs, was followed by the 
equilibration stage at a constant temperature (NVT) of 300 
K, utilizing the Berendsen thermostat, with a cutoff radius 
set at 1.2 nm. Subsequently, the system underwent 
equilibration at constant pressure (NVT) of 1 bar to 
optimize solvent molecules' arrangement around the 
solute. Finally, a 100 ns main simulation run at 300 K and 1 
bar pressure was conducted. 

To simulate the QDO-ligand complex, we utilized the 
SWISSPARAM server for the CHARMM36 force field to 
generate the topology file for the ligand. Subsequently, we 
integrated the topology parameters and ligand coordinates 
with those of QDO. The MD simulation of the protein-ligand 
complex mirrored the protein simulation and lasted for a 
duration of 100 ns. For all subsequent analyses associated 
with the simulation, such as the evaluation of 
intermolecular hydrogen bonds, RMSD, Rg, Root mean 
square fluctuation (RMSF) and solvent surface tension 
parameter (SASA) methods, we employed the GROMACS 
2023 software. The MD simulation was carried out on an 
Ubuntu 22.04 Linux computer. 

A B 

A B 
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Results 

The data provided here offer valuable insights into the 
molecular docking outcomes of Oroxylin A within the active 
site cavity TYDQAGSNCLEIPFVWH of QDO. A negative 
docking score of -5.6 kcal/mol indicated favorable binding 
affinity between Oroxylin A and QDO, while Pose 3 
elucidated a specific orientation within the active site. 
Furthermore, the RMSD value of 2.776 revealed the 
deviation between the docked pose and the reference 
structure. Notably, Oroxylin A formed a hydrogen bond 
with GLN 93 chain D, suggesting its potential as a modulator 
of QDO activity. These findings underscore the promising 
pharmacological properties of Oroxylin A and its potential 
as a therapeutic agent in ongoing drug development 
endeavors (Figure 2A, B; Figure 3) (Table 1). 

The initial pivotal stage in MD simulations involves 
assessing the RMSD, which signifies the stability and 
structural alterations occurring throughout the simulation 
period. RMSD represents the deviation of particle positions 
from the original structure at any given time (Sargsyan et 
al., 2017). A lower RMSD value indicates minimal 
fluctuation during the simulation, implying high stability of 
the protein (Elangovan et al., 2021). The mean average 
RMSD values for QDO and its complex with oryoxacilin were 
0.325 and 0.239, respectively (Fig 4. D). 

The RMSF algorithm evaluates regions of the structure 
with varying degrees of fluctuations compared to their 
reference structure. This parameter elucidates how ligand 
binding induces conformational changes at the residue 
level (Saravanan et al., 2019) (Fig. 4C). 

The gyration radius is a measure used to assess 
compression changes during MD simulations. Protein 
compression during interactions with the ligand is 
influenced by protein chains and relies on the ligand's 
flexibility (Fig. 4E). 

SASA values are employed to analyze the extent and 
significance of ligand binding to the receptor, as well as the 
alterations in protein conformation resulting from ligand 
binding (Shukla et al., 2019) (Fig. 4B). 

Various interactions, including hydrogen bonds, 
hydrophobic interactions, and ionic interactions, stabilize 
the protein–ligand complex. Hydrogen bonds are 
particularly crucial and specific transient interactions for 
protein–ligand stabilization (Shukla et al., 2019; 
Eskandarzadeh et al., 2021) (Fig. 4A). 

 

Figure 4. Molecular dynamics results generated by Gromacs 
software; number of hydrogen bonds ; SASA ; RMSF ; RMSD 
; and Rg 

Discussion 

Quercetin, an extensively distributed natural compound 
found in diverse dietary sources, has attracted considerable 
attention owing to its purported therapeutic efficacy in the 
management of CVDs (Guillermo Gormaz et al., 2015). A 
growing body of research has elucidated its multifaceted 
properties, characterizing it as a promising candidate for 
promoting cardiovascular health. The documented 
antioxidant, anti-inflammatory, and antiatherogenic 
attributes of quercetin underscore its potential significance 
in mitigating the intricate pathophysiological processes 
associated with CVDs. 

The antioxidant activity of quercetin is manifested 
through its ability to scavenge ROS, thereby providing a 
protective shield against oxidative stress, a pivotal player in 
the initiation and progression of cardiovascular 
malignancies. Moreover, the cardioprotective effects of 
quercetin are attributed to its anti -inflammatory 
properties by dampening the inflammatory cascade 
implicated in the development and exacerbation of 
cardiovascular pathologies. Its ability to modulate lipid 
metabolism adds another dimension to its therapeutic 
potential, as dysregulated lipid homeostasis is intricately 
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linked to atherosclerotic processes underlying CVDs. As 
scientific understanding advances, the exploration of the 
intricate molecular interactions of quercetin and its 
translation into targeted therapeutic interventions holds 
promise for addressing the complex landscape of 
cardiovascular health with precision and efficacy. 

However, the therapeutic efficacy of quercetin is limited 
by its susceptibility to degradation by enzymes such as 
QDO, which can compromise its bioavailability and 
effectiveness (Siegbahn, 2004). This limitation underscores 
the importance of identifying inhibitors of QDO, such as 
oroxylin A, to preserve the beneficial effects of quercetin in 
managing CVDs. 

Oroxylin A, a natural flavone compound, has shown 
promise as an inhibitor of QDO, thereby potentially 
enhancing the bioavailability and efficacy of quercetin in 
combating CVDs (Ren et al., 2020). By inhibiting the 
degradation of quercetin, Oroxylin A may prolong its 
therapeutic effects and improve its potency in 
cardiovascular health management. 

In this comprehensive investigation, molecular docking 
outcomes were examined, and subsequent MD simulations 
were subsequently conducted to elucidate the intricate 
interaction between Oroxylin A and QDO. This molecular 
docking study provides insights into the underlying binding 
mechanisms involved, unveiling a favorable binding affinity 
with a computed docking score of -5.6 kcal/mol, indicating 
a thermodynamically favorable interaction at the active site 
cavity of QDO. This interaction is further supported by the 
specific orientation of Oroxylin A, as exemplified by Pose 3. 
Despite a moderate deviation with an observed RMSD 
value of 2.776 between the docked pose and the reference 
structure, the formation of two hydrogen bonds with the 
GLN 93 chain D underscores the specificity and stability of 
the QDO-Oroxylin A complex (Shadidizaji et al., 2024). 

The results of the molecular docking analysis revealed a 
substantial negative docking score of -5.6 kcal/mol, 
indicating a robust and favorable binding affinity between 
Oroxylin A and QDO (Shadidizaji et al., 2023). The 
significance of this interaction is underscored by the 
specific orientation observed within the active site, 
emphasizing Oroxylin A's potential efficacy in modulating 
QDO activity (Shadidizaji et al., 2023). The establishment of 
a hydrogen bond with GLN 93 chain D further substantiates 
the specificity of Oroxylin A in its interaction with QDO, 
suggesting its potential role as a therapeutic agent 
(Shadidizaji et al., 2024; Rad et al., 2023). 

Subsequent MD simulations were employed to 
determine the stability and structural dynamics of the QDO-
Oroxylin A complex. Despite the moderate deviation 
revealed by the RMSD analysis between the docked pose 
and the reference structure, the mean average RMSD 
values indicate an enhanced stability of the complex 
compared to the unbound QDO (Matta 2003). Further 
analyses encompassing the RMSF, gyration radius, and 
SASA provided nuanced insights into conformational 
changes and protein–ligand interactions at the molecular 
level (Bayan et al., 2023; Rezaei et al., 2022). 

The exploration of interactions stabilizing protein‒
ligand complexes has placed particular emphasis on 
hydrogen bonds as specific and transient interactions 
crucial for stabilization. This nuanced understanding of 
molecular interactions at the atomic level is pivotal for 
rational drug design and optimization, offering potential 
therapeutic avenues for oroxylin A in modulating QDO 
activity and addressing CVDs (Shadidizaji et al., 2023; Rad et 
al., 2023). These findings contribute to the broader 
landscape of structure-based drug discovery, providing a 
foundation for the development of targeted therapeutics 
with oroxylin A as a potential candidate for CVD 
intervention. 

The results unveiled the pharmacological properties of 
Oroxylin A and its potential applications in therapeutic 
interventions, with a specific focus on CVD treatment. The 
study illuminates encouraging findings that underscore the 
inherent potential of Oroxylin A, positioning it as a 
compelling candidate meriting in-depth scrutiny within the 
realm of drug development initiatives directed toward 
ameliorating the complexities associated with CVDs and 
allied conditions. The identified outcomes not only 
elucidate the ability of Oroxylin A to interact with molecular 
targets implicated in cardiovascular pathophysiology but 
also emphasize its promising attributes, thereby suggesting 
its inclusion in the cohort of compounds earmarked for 
further exploration. 

It is essential to acknowledge certain limitations in the 
current study. While computational approaches provide 
valuable insights into Oroxylin A and QDO interactions, 
rigorous experimental validation through in vivo studies 
and functional assays is necessary to confirm the 
modulatory effects of Oroxylin A on QDO activity and its 
impact on quercetin stability and functionality. 
Additionally, thorough exploration of the 
pharmacokinetics, bioavailability, and potential off-target 
effects of Oroxylin A is crucial for assessing its suitability as 
a therapeutic agent for CVD treatment. These 
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considerations emphasize the need for a comprehensive 
and multidisciplinary approach to clarify the potential of 
Oroxylin A as a QDO inhibitor, optimizing the effectiveness 
of quercetin for cardiovascular health. 

Conclusion 

In summary, the potential of quercetin for managing 
CVDs is hindered by enzymatic degradation, necessitating 
QDO inhibitors such as oroxylin A. Molecular docking and 
simulations reveal a strong binding affinity, suggesting that 
oroxylin A is a potential CVD intervention. Despite a 
moderate deviation, the QDO-Oroxylin A complex exhibited 
enhanced stability. Despite these limitations, further 
experimental validation and comprehensive exploration of 
the pharmacokinetics of Oroxylin A are crucial. This 
multidisciplinary approach is essential for optimizing the 
potential of Oroxylin A as a QDO inhibitor, as it enhances 
the effectiveness of quercetin for improving cardiovascular 
health. 
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