
experimed.istanbul.edu.tr

E-ISSN 2667-5846

» Investigation of Sensitivity to AZD7762 in Triple-Negative Breast Cancer (TNBC) with RBFOX2 Gene 
Expression as a Biomarker

 Ismail Mert Alkac, Murat Isbilen, Baris Kucukkaraduman, Ali Osmay Gure, Burcak Vural

» The Protective Effects of S-Methyl Methionine Sulfonium Chloride on Brain Tissue Damage in 
D-Galactosamine-Induced Hepatotoxicity

 Bertan Boran Bayrak, Dastagul Mahmarzayeva, Ismet Burcu Turkyilmaz, Ozlem Sacan, Refiye Yanardag

» Impact of COVID-19 “Stay at home!” Restrictions on the Prevalence of Deep Vein Thrombosis  
in the Geriatric Population: A Retrospective Controlled Study

 Gulseren Dost Surucu, Dilay Eken Gedik

» The Study of Whole Genome Sequencing in Monozygotic Twins with Autism Spectrum Disorder
 Ender Coskunpinar, Ozlem Bozdagi Gunal

» The Impact of the COVID-19 Pandemic and Vaccination on Dental Restorative Practices in the 
Geriatric Population

 Zeynep Ceren Celik, Gul Dinc Ata

» The Effect of Rectal Ozone Use on Bacterial Translocation and Oxidative Stress in Experimental 
Colitis Model

 Meric Emre Bostanci, Onur Avci, Ayca Tas, Tulay Koc, Sinan Gursoy, Yavuz Silig

» The Effect of Different Storage Conditions on The Migration of Chemicals from Polyethylene 
Terephthalate and Polycarbonate Bottles to Water

 Gumrah Seyhan, Unsal Veli Ustundag, Ismail Unal, Perihan Seda Ates Kalkan, Derya Cansiz, Ebru Emekli Alturfan, 
Ahmet Ata Alturfan

» Evaluation of the Anti-Inflammatory Impact of Vitamin D on Polycystic Ovary Syndrome and 
Endometriosis

 Elif Isbilen, Ozge Karuserci Komurcu

» Cross-interactions between Norepinephrine, Methicillin-Resistant Staphylococcus aureus and 
Human Osteoblast Cells in Culture Conditions 

 Fatma Kalayci Yuksek, Defne Gumus, Gul Ipek Gundogan, Aysun Uyanik Ocal, Nur Elagul, Mine Ang Kucuker

» Effects of Thymoquinone (TQ) on the Molecular Structure and Total Antioxidant Capacity of 
Cerebellum Tissue of Healthy Rats

 Sebnem Garip Ustaoglu, Birsen Elibol

Volume 12 Issue 2 August 2022



A-I

INDEXING AND ABSTRACTING

ULAKBIM TR Index
Chemical Abstracts Service (CAS)

EBSCO - Central & Eastern European Academic Source
SOBIAD



OWNER

Prof. Dr. Günnur DENİZ
Department of Immunology, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye

RESPONSIBLE MANAGER

Prof. Dr. Bedia ÇAKMAKOĞLU 
Department of Molecular Medicine, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye

CORRESPONDENCE ADDRESS

Istanbul University, Aziz Sancar Institute of Experimental Medicine,

Vakıf Gureba Avenue, 34093, Çapa, Fatih, Istanbul, Turkiye

Phone: +90 (212) 414 22 29

E-mail: experimed@istanbul.edu.tr

PUBLISHER

Istanbul Üniversitesi Yayınevi / Istanbul University Press

Istanbul University Central Campus, 

34452 Beyazit, Fatih / Istanbul, Turkiye

Phone: +90 (212) 440 00 00

Authors bear responsibility for the content of their published articles.

The publication language of the journal is English.

This is a scholarly, international, peer-reviewed and open-access journal published triannually in April, August and December.

Publication Type: Periodical
A-II



Editor-in-Chief
Prof. Dr. Bedia ÇAKMAKOĞLU  
Department of Molecular Medicine, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – bedia@istanbul.edu.tr

Co-Editors-in-Chief 
Assoc. Prof. Umut Can KÜÇÜKSEZER 
Department of Immunology, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – uksezer@istanbul.edu.tr

Assoc. Prof. Vuslat YILMAZ 
Department of Neuroscience, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – vuslat.yilmaz@istanbul.edu.tr

Managing Editor
Prof. Dr. Sema Sırma EKMEKÇİ 
Department of Genetics, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – sirmasem@istanbul.edu.tr

Editorial Management Board Members
Dr. Canan Aysel ULUSOY
Department of Neuroscience, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – canan.ulusoy@istanbul.edu.tr

MSc. Barış ERTUĞRUL
Department of Molecular Medicine, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – baris.ertugrul@istanbul.edu.tr

Section Editors
Prof. Dr. Elif ÖZKÖK
Department of Neuroscience, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – eozkok@istanbul.edu.tr

Assoc. Prof. Elif Sinem İPLİK
Department of Medical Biochemistry, Faculty of Medicine, Istanbul Health and Technology University, Istanbul, Turkiye – sinem.iplik@istun.edu.tr

Assoc. Prof. Ferda PAÇAL
Department of Genetics, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – ferda.pacal@istanbul.edu.tr

Language Editors
Elizabeth Mary EARL
Istanbul University, Department of Foreign Languages, Istanbul, Turkiye – elizabeth.earl@istanbul.edu.tr

Alan James NEWSON
Istanbul University, Department of Foreign Languages, Istanbul, Turkiye – alan.newson@istanbul.edu.tr

Statistics Editor
Sevda ÖZEL YILDIZ 
Department of Biostatistic, Istanbul Medical Faculty,  Istanbul University, Istanbul, Türkiye – sevda@istanbul.edu.tr

EDITORIAL MANAGEMENT BOARD

A-III



Aziz SANCAR (Honorary Member)
Department of Biochemistry and Biophysics, University of North Carolina School of Medicine, Chapel Hill, North Carolina, USA – aziz_sancar@med.unc.edu

Abid HUSSAINI 
Department of Pathology and Cell Biology, Columbia University, Taub Institute, New York, USA – abid.hussaini@columbia.edu

Ahmet GÜL 
Department of Internal Medicine, Istanbul University School of Medicine, Istanbul, Turkiye – agul@istanbul.edu.tr

Ali Önder YILDIRIM 
Department of Lung Biology and Diseases, Helmholtz Zentrum München, München, Germany – oender.yildirim@helmholtz-muenchen.de

Batu ERMAN 
Department of Molecular Biology, Genetics and Bioengineering, Sabanci University, Istanbul, Turkiye – batu.erman@boun.edu.tr

Çağla EROĞLU
Department of Cell Biology, Duke University, North Carolina, USA – cagla.eroglu@duke.edu

Ebba LOHMANN 
Department of Neurodegenerative Diseases, Tübingen University, Tübingen, Germany – ebba.lohmann@uni-tuebingen.de

Elif APOHAN 
Department of Biology, İnönü University, Malatya, Turkiye – elif.apohan@inonu.edu.tr

Erdem TÜZÜN 
Department of Neuroscience, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – erdem.tuzun@istanbul.edu.tr

Gökçe TORUNER 
Department of Hematology, MD Anderson Cancer Center, Houston, Texas, USA – gatoruner@mdanderson.org

Günnur DENİZ 
Department of Immunology, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – gdeniz@istanbul.edu.tr

Gürol TUNÇMAN 
Department of Genetics and Complex Diseases, Harvard University, Massachusetts, USA – gtuncman@hsph.harvard.edu

Hannes STOCKINGER 
Molecular Immunology Unit, Vienna School of Medicine, Pathophysiology Center, Vienna, Austria – hannes.stockinger@meduniwien.ac.at

Hülya YILMAZ 
Department of Molecular Medicine, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Istanbul, Turkiye – yilmazh@istanbul.edu.tr

İhsan GÜRSEL 
Department of Molecular Biology and Genetics, Bilkent University, Ankara, Turkiye – ihsangursel@bilkent.edu.tr

Melih ACAR 
Texas University Pediatric Research Institute, Dallas, Texas, USA – melihacar@gmail.com

Numan ÖZGEN 
Department of Pathology and Immunology, Baylor University School of Medicine, Texas, USA – numan.oezguen@bcm.edu

Serhat PABUÇÇUOĞLU 
Department of Reproduction & Artificial Insemination, Istanbul University-Cerrahpaşa School of Veterinary, Istanbul, Turkiye – serpab@iuc.edu.tr

Sühendan EKMEKÇİOĞLU 
MD Anderson Cancer Center, Texas University, Houston, Texas, USA – sekmekcioglu@mdanderson.org

Yusuf BARAN 
Department of Molecular Biology and Genetics, İzmir Institute of Technology, İzmir, Turkiye – yusufbaran@iyte.edu.tr

EDITORIAL BOARD

A-IV



 ORIGINAL ARTICLES 
33 Investigation of Sensitivity to AZD7762 in Triple-Negative Breast Cancer (TNBC) with RBFOX2 Gene Expression as a 

Biomarker
 Ismail Mert Alkac, Murat İsbilen, Baris Kucukkaraduman, Ali Osmay Gure, Burcak Vural

38 The Protective Effects of S-Methyl Methionine Sulfonium Chloride on Brain Tissue Damage in D-Galactosamine-
Induced Hepatotoxicity

 Bertan Boran Bayrak, Dastagul Mahmarzayeva, Ismet Burcu Turkyilmaz, Ozlem Sacan, Refiye Yanardag

44 Impact of COVID-19 “Stay at home!” Restrictions on the Prevalence of Deep Vein Thrombosis in the Geriatric 
Population: A Retrospective Controlled Study

 Gulseren Dost Surucu, Dilay Eken Gedik

49 The Study of Whole Genome Sequencing in Monozygotic Twins with Autism Spectrum Disorder
 Ender Coskunpinar, Ozlem Bozdagi Gunal

61 The Impact of the COVID-19 Pandemic and Vaccination on Dental Restorative Practices in the Geriatric Population
 Zeynep Ceren Celik, Gul Dinc Ata

66 The Effect of Rectal Ozone Use on Bacterial Translocation and Oxidative Stress in Experimental Colitis Model
 Meric Emre Bostanci, Onur Avci, Ayca Tas, Tulay Koc, Sinan Gursoy, Yavuz Silig

74 The Effect of Different Storage Conditions on The Migration of Chemicals from Polyethylene Terephthalate and 
Polycarbonate Bottles to Water

 Gumrah Seyhan, Unsal Veli Ustundag, Ismail Unal, Perihan Seda Ates Kalkan, Derya Cansiz, Ebru Emekli Alturfan, Ahmet Ata Alturfan

80 Evaluation of the Anti-Inflammatory Impact of Vitamin D on Polycystic Ovary Syndrome and Endometriosis
 Elif Isbilen, Ozge Karuserci Komurcu

85 Cross-interactions between Norepinephrine, Methicillin-Resistant Staphylococcus aureus and Human Osteoblast 
Cells in Culture Conditions 

 Fatma Kalayci Yuksek, Defne Gumus, Gul Ipek Gundogan, Aysun Uyanik Ocal, Nur Elagul, Mine Ang Kucuker

94 Effects of Thymoquinone (TQ) on the Molecular Structure and Total Antioxidant Capacity of Cerebellum Tissue of 
Healthy Rats

 Sebnem Garip Ustaoglu, Birsen Elibol

CONTENTS

A-V



Experimed 2022; 12(2): 33-7 ORIGINAL ARTICLE

DOI: 10.26650/experimed.1082020

Investigation of Sensitivity to AZD7762 in Triple-
Negative Breast Cancer (TNBC) with RBFOX2 Gene 
Expression as a Biomarker
Ismail Mert Alkac1 , Murat Isbilen2 , Baris Kucukkaraduman2 , Ali Osmay Gure2 , 
Burcak Vural1 

1Department of Genetics, Aziz Sancar Institute of Experimental Medicine, Istanbul University, Istanbul, Turkiye
2Department of Molecular Biology and Genetics, Bilkent University, Ankara, Turkiye

ORCID ID: I.M.A. 0000-0003-0847-7738; M.I. 0000-0001-9968-5211; B.K. 0000-0002-5475-281X; A.O.G. 0000-0002-4064-8608; B.V. 0000-0001-6392-7645

Cite this article as: Alkac IM, Isbilen M, Kucukkaraduman B, Gure AO, Vural B. Investigation of sensitivity to AZD7762 in triple-negative breast 
cancer (TNBC) with RBFOX2 gene expression as a biomarker. Experimed 2022; 12(2): 33-7.

ABSTRACT

Objective: Triple negative breast cancer (TNBC) is one of the most metastatic, aggressive with poor prognosis types of breast cancers. 
There is currently no standard molecular-targeted treatment for TNBC. Therefore, new therapeutics should be developed. The aim of this 
study was to determine the effect of AZD7762 on several breast cancer cell lines and evaluate the RBFOX2 gene expression levels as a 
marker to show sensitivity to this drug.

Materials and Methods: The cytotoxic effect of AZD7762 on breast cancer cell lines was determined by sulforhodamine B method. 
The expression levels of RBFOX2 gene were determined by quantitative real-time polymerase chain reaction (qRT-PCR). The association 
between the IC50 values of the selected drug AZD7762 and RBFOX2 expression levels was evaluated by using Pearson r correlation analysis.

Results: Although there was no significant difference between the IC50 values of TNBC and non-TNBC groups, it was determined that 
TNBC cell lines tended to be more sensitive to AZD7762. In addition, it was obvious that increasing levels of RBFOX2 expression were 
detected in cells that showed more sensitivity to AZD7762. 

Conclusion: It was concluded that the RBFOX2 gene can be used as a biomarker to show AZD7762 efficiency. Further studies are needed 
to investigate the potential signaling mechanisms that are associated with the effect of AZD7762.
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INTRODUCTION

Breast cancer was the most frequently diagnosed can-
cer type (2.26 million) among women worldwide in 2020. 
Moreover, according to a 2022 report, 290,560 new cases 
were diagnosed in USA resulting in roughly 43,780 deaths 
(1, 2). Breast cancer is also the most frequently detect-
ed cancer type among Turkish women, and according 
to Globocan 2020 data, 24,175 new cases were reported 
while the incidence was 46.6/100,000 (3). TNBC is a form 
of breast cancer in which the progesterone receptor (PR), 
estrogen receptor (ER), and human epidermal growth re-

ceptor-2 (HER-2) are lacking. TNBC accounts for 15-20% of 
all invasive breast cancer patients (4). 13.1 per 100,000 new 
TNBC cases among women were reported in 2021 around 
the world (5). 10.6% (22,375) of breast cancer cases were 
determined as TNBC in 2018 in Turkey (6). Compared to 
other breast cancer subgroups, TNBC is characterized by its 
unique molecular profile, aggressive behavior, differential 
propensity for metastasis, and unsuitability for targeted 
therapies (7). A specific treatment approach against TNBC 
is not yet available. Therefore, different combinations of 
current chemotherapeutic agents and the same dose of 
ionizing radiation (IR) are used (8).
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AZD7762 is a check point kinase inhibitor. It is applied in com-
bination with chemotherapeutic (gemcitabine, topotecan, 
irinotecan, cisplatin, paclitaxel) or radiotherapeutic agents that 
damage DNA (9-11). In addition, there are many studies that 
have tried to overcome treatment resistance in triple negative 
breast cancers that are resistant to chemotherapeutics or ra-
diotherapy, and significant results have been achieved (12-15).

In this study, it was aimed to find a drug with a specific effect 
against TNBC and to define a potential biomarker to determine 
the effectiveness of this drug.

MATERIALS AND METHODS

In Silico Drug and Biomarker Selection 
Garnett et al. have tested 130 anticancer drugs in 368 differ-
ent cancer cell lines, such as breast cancer, renal cell carcinoma, 
pancreatic cancer, etc. (16). Among these, we selected 24 breast 
cancer cell lines and classified them as TNBC and non-TNBC, 
according to the clinicopathological classification of Kao et al. 
(17). Moreover, we compared IC50 values of these 130 antican-
cer drugs between these 24 TNBC and non-TNBC cell lines. To 
determine the marker gene, we performed correlation analysis 
between Garnett’s gene expression data and IC50 values of se-
lected drugs in 24 breast cancer cell lines.

Cell Culture
MDA-MB-231, MDA-MB-157, and BT-20 cell lines were used 
for TNBC trials, and T47D, MCF-7, and MDA-MB-453 cell lines 
were used for non-TNBC trials. Cell lines were kindly provided 
by Bilkent University, Department of Molecular Biology and Ge-
netics. There was no need to obtain ethics committee approval. 

DMEM was used for cell lines MDA-MB-231, MCF-7, BT-20, and 
MDA-MB-453; for MDA-MB-157 and T47D cell lines, media pre-
pared with RPMI 1640, 1% penicillin/streptomycin antibiotic, 
and 10% FBS was used, and all cells were incubated at 37oC and 
5% CO2.

96-well plates were used for ionizing radiation (IR) and cyto-
toxicity tests, and optimization was performed to determine 
the number of cells to be seeded in each well. As a result, 6400 
cells/mL for BT-20, 10000 cells/mL for MDA-MB-157, 8000 cells/
mL for MDA-MB-231, 6000 cells/mL for MCF-7, 2500 cells/mL 
for MDA-MB-453 /mL, and 9000 cells/mL for T47D were seeded 
into the wells.

Ionizing Radiation (IR) Application
Eight 96-well plates were used for each cell line. Each plate was 
stained with sulforhodamine B (SRB) at time zero (24 hours after 
cell cultivation) and measured spectrometrically. One plate was 
used as a control group and incubated for 96 hours without any 
drug application. The remaining 6 plates were given 1Gy/1min 
IR 24 hours after the cells were seeded. A dose of 1 Gy causes 
less than 10% apoptosis in MCF-7 and MDA-MB-231 cell lines 
(18). Many studies stated that, to increase the effectiveness of 
AZD7762, which is a Chk1/2 inhibitor, it was necessary to give an 
IR or chemotherapeutic agent that creates DNA breaks (19-21).

AZD7762 Drug Application
Different drug concentrations (0.63µM, 1.25µM, 2.5µM, 5µM, 
10µM, 20µM) were applied 24 hours after IR was given to 6 
plates, and 72 hours after drug addition, they were stained with 
SRB together with the control group (no drug added) and their 
IC50 values were determined.

Cytotoxicity Assay (sulforhodamine B method) and IC50 
Calculation
After drug and IR applications, fixation was performed with 
10% trichloroacetic acid (TCA). After washing with distilled wa-
ter, the plates were left to dry for 1 day to remove all the water. 
SRB dye dissolved with acetic acid was applied to each well 
and then washed with 10% acetic acid. The plates were then 
allowed to dry for a short time. Then, after 30 minutes of incu-
bation with 300 mM Tris base in a shaker, OD 515 values were 
measured, and standard deviations were calculated.

RNA Isolation and cDNA Synthesis
RNA isolations were performed using TRIzol (Thermo Fisher 
Scientific, USA) 72 hours after application of IR and drug. Nan-
odrop (Thermo Fisher Scientific, USA) was used to assess RNA 
quality and quantity. cDNA synthesis was performed using 100 
ng total RNA and iScript cDNA synthesis kit (Biorad, USA) ac-
cording to the manufacturer’s instructions.

Quantitative Real-Time Polymerase Chain Reaction (qRT-
PCR) 
RNA binding protein fox-1 homolog 2 (RBFOX2) gene expression 
levels were analyzed by qRT-PCR method using TaqMan Gene 
Expression Assays (Applied Biosystems (AB by life technolo-
gies)) in a Biorad T100 thermalcycler device. The relative ex-
pression levels of RBFOX2 and the β-actin reference gene were 
calculated using the ΔΔCt method.

Statistical Analyses
TNBC and non-TNBC cell lines were classified by using a one 
way ANOVA test. Drug selection was performed by Student’s 
t-test. Candidate biomarker gene was determined by Pearson 
r correlation analysis. All statistical calculations were done 
using Graphpad prism 5 (GraphPad Software, USA). The sta-
tistical significance of the data determined as p<0.05 was ac-
ceptable.

RESULTS

In Silico Drug and Biomarker Selection
AZD7762 and RDEA119 were found significantly more effec-
tive on TNBC than non-TNBC (p: 0.01 and p: 0.04, respectively). 
AZD7762 (AstraZenecaDrug 7762) was selected as a potential 
biomarker due to the more significant p-value. 

As a result of the correlation analysis between the IC50 values 
of the AZD7762  of all breast cancer cell lines used by Garnett 
et al. (16), and the gene expression levels of these cell lines, the 
RBFOX2 gene, which was found to be 70% inversely correlated 
with the IC50 values of AZD7762, was selected as a potential 
biomarker candidate gene (p: 0.02607). 
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RBFOX2 Gene Expression
For in vitro validation studies, the ΔΔCt method was used 
together with the Ct values of the beta-actin gene in order 
to calculate the expression value of the RBFOX2 gene in cell 
lines according to the qRT-PCR results, and the relative quan-
tification calculation is given in Figure 1. When the RBFOX2 
gene expression levels of the two groups: TNBC and non-TN-
BC were compared, no significant difference was found 
(p: 0.5947; Figure 1).

In addition, MDA-MB-231 and MDA-MB-453 cell lines were 
found to have the highest RBFOX2 expression among both 
TNBC and non-TNBC groups. Significant differences in RBFOX2 
expression between two groups are shown in Figure 1.

SRB Cytotoxicity and IC50 Values
The drug concentrations of each cell line and the cytotoxicity 
values obtained after the SRB method and IC50 values were 
calculated. There was no statistically significant difference be-
tween the IC50 values of the cell lines in the TNBC and non-TN-
BC groups in our investigation (p: 0.6965; Figure 2). However, 
on average, a sensitivity to this drug was observed in TNBC cell 
lines.

Correlation Analysis
There was no significant correlation between RBFOX2 expres-
sion levels and IC50 values in our study (p: 0.8101; Figure 3). 
However, as RBFOX2 expression increases, drug resistance in-
creases; in other words, there is an inverse correlation between 
IC50 and RBFOX2.

DISCUSSION

DNA breaks created by ultraviolet (UV) and chemotherapeutic 
agents used in cancer treatments lead the cell to apoptosis. 
However, breast cancer and especially TNBC cells develop re-
sistance to chemotherapeutic agents. They provide this resis-
tance by evading checkpoints and by DNA repair. Therefore, 
in order to break drug resistance in TNBC, that is, to increase 
sensitivity to chemotherapeutic agents and UV, it has been an 
important strategy recently to eliminate kinase activity in these 
control contacts and direct the cell to apoptosis without giving 
DNA repair opportunity. Thus, when Chk1/2 inhibitors are used 
in combination with agents that cause DNA damage (radio and 
chemotherapeutic agents), they increase the anti-tumor effect 
and response. The drug AZD7762 is also a Chk1/2 inhibitor and, 
therefore, has an anti-tumor effect (22-25).

Figure 1. Relative quantification results of RBFOX2 among 
TNBC and non-TNBC groups. TNBC: Triple negative breast 
cancer.

Figure 2. Comparison of log (IC50) between TNBC and non-
TNBC groups. TNBC: Triple negative breast cancer.

Figure 3. Correlation analysis results between RBFOX2 gene 
expression and IC50 values. TNBC: Triple negative breast 
cancer, RBFOX2: RNA binding fox-1 homolog 2, IC50: half 
maximal inhibitory concentration.
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In many studies, it was shown that AZD7762 in combination 
with gencitabine or cisplatin in solid tumors, urethral carci-
noma, lung carcinoma, and osteocarcinoma causes increased 
sensitivity to radiation or chemotherapeutic agents by inhibit-
ing the G2/M transition, thus promoting apoptosis and mitotic 
catastrophe. In addition, AZD7762 has been shown to inhibit 
growth in radiotherapy-resistant breast cancer cells (21, 25-29).

Moreover, TNBC frequently harbors TP53 mutations, resulting 
in the loss of the G1 checkpoint, thereby relying on Chk1 to 
recruit cells in response to DNA damage. Therefore, agents tar-
geting Chk1 might be more specific for TNBC in particular (16, 
23, 26, 30).

Studies have been focused on indication of whether AZD7762 is 
a suitable therapeutic option that might be used in the treatment 
of TNBC, and that it might also be used as a biomarker at the ex-
pression level of pChk1 (s296), showing a therapeutic synergy 
when used in combination with gemcitabine (23, 26, 28, 30). 

According to the literature, many studies have strong state-
ments about AZD7762 that it is a candidate drug that can be 
used in combination in the treatment of breast cancer. Howev-
er, associating the usability of this drug with a genetic marker 
has not yet been specified in the current literature. In this study, 
it was aimed to find a drug that has a specific effect on TNBC and 
to define a potential marker to determine the effectiveness of 
AZD7762 drug, which was predicted to be sensitive to TNBC cell 
lines, as a result of the analysis made using the raw data of Gar-
nett et al. (16). In consideration of this study, the drug AZD7762, 
which is predicted to be sensitive to TNBC cell lines, was select-
ed, and its cytotoxic effect on MCF-7, T47D, BT-20, MDA-MB-157, 
MDA-MB-231, and MDA-MB-453 cell lines was investigated. In 
addition, the expression levels of RBFOX2, which can be a candi-
date marker, was examined by correlation analysis.

The fact that RBFOX2 is associated with TNBC cells in prelimi-
nary analysis and its expression is relatively higher in TNBC cells 
in the experimental results reveals the relationship of this gene 
with breast cancer cells. In breast cancer, the alternative splic-
ing mechanism plays a very important role in tumor progres-
sion by the Endothelial mesenchymal transition (EMT) and is 
associated with metastasis (24-27). In early prognostic marker 
identification and association studies, it has been shown that 
RBFOX2, one of the alternative splicing factors, is associated 
with EMT (especially in the formation of EMT in breast cancer) 
(24-26). In a polymorphism study of RBFOX2, it was shown that 
RBFOX2 is highly associated with estrogen negative (ER-) breast 
cancer subtype, and it has been reported that RBFOX2 plays a 
role in the development and progression of breast cancer (27). 
According to this information, the RBFOX2 gene was select-
ed as the biomarker candidate in our study, which showed 
a 70% correlation with the IC50 values of the AZD7762 drug 
(p: 0.02607) as a result of our correlation analysis.

In our experiments, we applied IR to the cells. This is because 
Chk1/2 is a checkpoint kinase that is activated (triggered) by 
breaking the DNA by chemical or IR agents (28,29). For this rea-

son, in order to show the effectiveness of AZD7762, which is a 
Chk1/2 inhibitor, the amount of IR that would not kill the cells 
but would cause DNA breakage was given (1 Gy/min), and the 
Chk1/2 kinase was activated (A dose of 1 Gy causes less than 
10% apoptosis in MDA-MB-231 and MCF-7 cell lines (18)). Then, 
the Chk1/2 inhibitor, AZD7762, was added. Thus, the cells were 
sensitized to IR.

Although there was no significant difference in the IC50 values 
of the TNBC and non-TNBC groups in the validation studies (p: 
0.6965), it was determined that TNBC cells tended to be more 
sensitive to AZD7762 compared to non-TNBC. In addition, al-
though there was no significance in the correlation analysis 
between RBFOX2 gene expression and IC50 values (p: 0.8101), 
a relationship between increased RBFOX2 expression and de-
creased IC50 value was observed between TNBC and non-TNBC 
groups.

As a conclusion, although no significant results were found 
between cytotoxicity tests and gene expression levels in our 
study, it was determined that RBFOX2 gene expression and 
IC50 values were different between the TNBC and non-TNBC 
groups, that TNBC cells tended to be more sensitive to the 
drug, and that RBFOX2 gene expression was higher. Thus, the 
RBFOX2 gene expression for TNBC was associated for the first 
time with AZD7762 activity in the preliminary analysis and ex-
periments performed in our study.

There may be several reasons why in silico-detected relation-
ships could not be verified in vitro. One of the most important 
reasons may be the transcript variants of the gene of interest in 
microarrays used for in silico studies can be different from those 
produced by qRT-PCR primers. 

Studying with the various breast cancer cell lines could support 
the usage of RBFOX2 gene as a biomarker to detect the effect 
of cancer drugs. Moreover, the protein levels of RBFOX2 gene 
can be analyzed. Further studies are needed to detect the asso-
ciation between RBFOX2 gene and applicability of AZD7762 to 
support our results. 
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ABSTRACT

Objective: The objective of the current work is to examine the protective effects of S-methyl methionine sulfonium chloride (MMSC) on 
brain in galactosamine (GalN)-induced hepatotoxicity in rats. 

Materials and Methods: A total of twenty two female Sprague-Dawley rats were randomly assigned into four groups as follows: Group 
I (n=5), intact control animals; Group II (n=6), animals that received 50 mg/kg/day of MMSC by gavage technique for 3 consecutive days; 
Group III (n=5), animals injected with a single dose of 500 mg/kg of GalN intraperitoneally (i.p.); and Group IV (n=6) are animals injected 
with the same dose of GalN (i.p.) 1 hour after MMSC treatment. At the end of the experiments (after 6 hours of the last GalN treatment), all 
animals were sacrificed under anaesthesia, and brain tissues were dissected out. 

Results: A statistically remarkable increase in lipid peroxidation, hydroxyproline, and nitric oxide levels, was detected while a notable 
decline in the activities of sodium/potassium ATPase was observed in GalN group in comparison with control rats. In contrast, all alterations 
observed were reversed when MMSC was given to GalN groups. 

Conclusion: Consequently, it may be considered that MMSC has a protective role on brain in GalN-induced hepatotoxicity in rats.
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INTRODUCTION

Galactosamine (GalN) is a derivative of six-carbon amino 
sugar (galactose) whose extreme accumulation, or for-
mation in organisms give rise to liver injury. The usage of 
GalN, as a well-known hepatotoxin, alone [or in combina-
tion with lipopolysaccharide (LPS)] has been shown to not 
only triggering depletion of uracil-containing nucleotides, 
but also disruption of the biosynthesis of uridylate nucle-
otides in hepatocytes, thereby causing hepatotoxicity/
liver dysfunction in animal models (1). Given that the liver 
is the main organ responsible for the detoxification/bio-
transformation of chemicals/drugs and foods, damage to 

the liver by chemicals such as GalN may cause unwanted 
effects in other major organs (2). In the hepatic and brain 
cells of mice, the chronic administration of LPS/GalN has 
been revealed to cause oxidative stress, by disrupting ox-
idant/antioxidant balance in favour of oxidant substances 
[e.g., reactive oxygen species, (ROS)], along with inducing 
clear DNA migration (3). On the other hand, the structure 
and function of biomolecules (e.g., nucleic acids, lipids, 
carbohydrates, and proteins) may easily change when ox-
idative stress conditions emerge (4). Given that the brain 
consumes vast amount of oxygen and is characterized by 
being rich in polyunsaturated fatty acids (PUFAs) content, 
its regions (especially the hippocampus, amygdala, and 
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cerebellar cells) are prone to detrimental effects of oxidative 
stress and ROS damage as well (5). 

S-methyl methionine sulfonium chloride (MMSC), also known 
as vitamin U, has a sulfonium group containing derivative of the 
essential amino acid L-methionine, that the vegetable source is 
Brassica species such as white cabbage, Brussel sprouts, kohl-
rabi, and kale (6). It is also called a vitamin because of its vita-
min-like effects. It is being studied as a source of anti-peptic 
ulcer dietary factors. As of its clinical importance, MMSC had 
several biofunctions such as cytoprotective agents against gas-
trointestinal disorders (6) and anti-epileptic effects (7). Besides, 
MMSC plays an important role by acting as a radical scavenger, 
as well as anti-fibrotic and anti-inflammatory agent under oxi-
dative stress conditions (8). 

The main objective of the present work designed due to limit-
ed published articles on the effect of GalN on the brain was to 
assess the potential protective roles of MMSC on brain injury 
GalN-induced hepatotoxicity in rats.

MATERIALS AND METHODS

Chemicals and Apparatus
All chemicals were of the highest purity. They were obtained 
commercially from Sigma-Aldrich Chemical Company (St. Lou-
is, MO, USA) and/or Merck Chemical Company (Darmstadt, Ger-
many). The GalN (catalog number 48250) and MMSC (catalog 
number 64382) were supplied by Fluka Chemie AG (Buchs, 
Switzerland).

Animals and Animal Grouping
Female Sprague-Dawley rats (about 200-250 gr and 26-28 
weeks old) were chosen for the study. They were acclimated to 
standard laboratory conditions. Fresh tap water and standard 
pellet chow were supplied. A total of twenty two rats were 
randomly assigned into four groups as follows: Group I (n=5), 
intact control animals; Group II (n=6), animals that received 50 
mg/kg/day of MMSC by gavage technique for three consec-
utive days; Group III (n=5), animals injected a single dose of 
500 mg/kg of GalN intraperitoneally (i.p.) (9); Group IV (n=6), 
animals injected with the same dose of GalN (i.p.) 1 hour after 
MMSC treatment. At the end of the experiments (after 6 hours 
of last GalN treatment), all rats were sacrificed under anaesthe-
sia, and brain tissues were dissected out. The study was carried 
out according to the permission of the Animal Experimenta-
tion Local Ethics Committee of Marmara University (Protocol/
Approval Number: 053.2020.mar). 

Biochemical Analyses
Tissue samples were homogenized in cold physiologic saline 
using a glass apparatus to obtain a homogenate (1/10 w/v). 
After centrifugation (at 10,000 xg at +4°C for 10 min), clear su-
pernatants were obtained, which were thereafter used for bio-
chemical analyses. 

Lipid peroxidation (LPO) levels were estimated according to 
Ledwozyw et al. (10). Briefly, appropriate volumes of tissue 

homogenate and trichloroacetic acid solution were mixed and 
allowed to stand at room temperature for 15 min. The thiobar-
bituric acid solution was pipetted to the reaction medium and 
then boiled in a water bath at 95°C for 30 min. The resultant 
mixture was mixed with the appropriate volume of n-butanol 
solution to extract organic phase. The absorbance of the or-
ganic phase at 532 nm was then monitored using a spectro-
photometer (Shimadzu UV-Mini-1240, Kyoto, Japan) in terms of 
brain malondialdehyde (MDA), which is undertaken as an index 
of LPO. Results were expressed as nmol MDA/mg protein.

The hydroxyproline levels were determined by the method 
of Reddy and Enwemeka (11). This assay is based on alkaline 
hydrolysis of tissue homogenates thereafter subsequent deter-
mination of free hydroxyproline content in hydrolysates. After 
the hydrolyzation process was done at 110°C for 3 h, hydroly-
sates were mixed with chloramine-T solution and the oxidation 
of free hydroxyproline contents was allowed to proceed for 25 
min at room temperature. Ehrlich’s reagent [p-dimethylami-
nobenzaldehyde in n-propanol/perchloric acid (2:1 ratio v/v) 
solution] was added to reaction media and the chromophore 
was developed by incubating the samples at 65°C for 20 min. 
The absorbance of the samples were then recorded at 550 nm 
using a spectrophotometer. Results were expressed as µg hy-
droxyproline/mg protein.

Nitric oxide (NO) levels were carried out by spectrophotometric 
method of Miranda et al. (12). The principle of this assay is re-
duction of nitrate to nitrite by VCl3 in an acidic reaction media 
containing Griess reagent [mixed an equal volume of sulfanil-
amide (2% w/v) and N-(1-Naphtyl) ethylenediamine dihydro-
chloride (0.1% w/v)]. After the coloured diazonium complex 
completed, absorbance of the resultant mixture was measured 
at 540 nm by a spectrophotometer, and the results were ex-
pressed as nmol NO/mg protein.

The sodium/potassium adenosine triphosphatase (Na+/K+-AT-
Pase) activities in the brain tissue homogenates were deter-
mined by the method developed by Ridderstap and Bonting 
(13). The main principle of this method was based on de-
termination of inorganic phosphate (Pi) after the hydrolyza-
tion of ATP when the homogenates were incubated with the 
appropriate amount of ATP. First, total ATPase activities were 
assayed thereafter Mg2+-ATPase activities were determined in 
the presence of ouabain. The Na+/K+-ATPase activities were cal-
culated by subtraction from the total ATPase of Mg2+-ATPase. 
The obtained results were expressed as micromoles of Pi/mg 
protein/h.

Total protein levels in the homogenates were estimated ac-
cording to the method of Lowry et al. (14). Briefly, proteins were 
reacted with Cu2+ ions in alkaline medium (2% Na2CO3 in 0.1N 
NaOH) and reduced by the Folin-Ciocalteu reagent. The absor-
bance of the blue-coloured product that colour intensity is pro-
portional to the amount of protein in the sample was evaluated 
at 500 nm. Bovine serum albumin was used as a standard for 
determination of protein levels.
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Statistical Analyses
To analyse the obtained data, an unpaired t-test and one-way 
analysis of variance (ANOVA) were carried out, followed by 
Tukey’s test as a post hoc test for multiple comparisons with 
the aid of the GraphPad Prism 6.0 (GraphPad Software, San Di-
ego, CA, USA) statistical program. The values were illustrated as 
the mean±standard deviation (SD). Differences were regarded 
as significant when the p value is less than 0.05.

RESULTS

The LPO levels of brain tissues are depicted in Figure 1. LPO 
levels in the GalN group were remarkably elevated by 3.02-fold 
in comparison with the control group (p<0.0001). Pretreatment 
with MMSC in the GalN group resulted in an approximately 2.5-
fold reduction in LPO levels (p<0.0001; Figure 1). 

Alteration of hydroxyproline levels of all groups is shown in 
Figure 2. More than 2.5-fold increase in hydroxyproline levels 
were detected in the GalN group as compared to the intact 
rats (p<0.0001). Treatment with MMSC to the GalN group led to 
8.7-fold decline of hydroxyproline levels in the brain (p<0.0001; 
Figure 2).

Levels of NO of all groups are presented in Figure 3. NO lev-
els were considerably higher (about 3.5-fold) in the MMSC 
pretreated group and the GalN group (3.6-fold) (p<0.0001) in 
comparison with intact rats (Figure 3). By contrast, a statistically 
significant (p<0.0001) diminishment (approximately 1.5-fold) 

Figure 1. The effect of MMSC on brain tissues lipid 
peroxidation levels of all rats. Data were presented as 
mean±SD. Group I (n=5), intact control animals; Group II 
(n=6), MMSC given group; Group III (n=5), GalN given group; 
Group IV (n=6), GalN+MMSC given group.

Abbreviations: SD, standard deviation; ANOVA, analysis of variance; 
LPO, lipid peroxidation; MDA, malondialdehyde; MMSC, S-methyl 
methionine sulfonium chloride; GalN, galactosamine. To analyze 
data, an unpaired t-test and one-way ANOVA was carried out, 
followed by Tukey’s as a post hoc test for multiple comparisons. 
ap<0.0001 vs control; bp<0.0001 vs GalN group.
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Figure 3. The effect of MMSC on brain tissues nitric oxide 
levels of all rats. Data were presented as mean±SD. Group 
I (n=5), intact control animals; Group II (n=6), MMSC given 
group; Group III (n=5), GalN given group; Group IV (n=6), 
GalN+MMSC given group.

Abbreviations: SD, standard deviation; ANOVA, analysis of variance; 
NO, nitric oxide; MMSC, S-methyl methionine sulfonium chloride; 
GalN, galactosamine. To analyze data, an unpaired t-test and one- 
way ANOVA was carried out, followed by Tukey’s as a post hoc test 
for multiple comparisons. ap<0.0001 vs control; bp<0.0001 vs GalN 
group.

N O

n
m

o
l/

m
g

 p
ro

te
in

C o ntro l M M S C G a lN G a lN + M M S C
0

1 0

2 0

3 0

4 0
aa

b

Figure 2. The effect of MMSC on brain tissues hydroxyproline 
levels of all rats. Data were presented as mean±SD. Group 
I (n=5), intact control animals; Group II (n=6), MMSC given 
group; Group III (n=5), GalN given group; Group IV (n=6), 
GalN+MMSC given group.

Abbreviations: SD, standard deviation; ANOVA, analysis of 
variance; MMSC, S-methyl methionine sulfonium chloride; GalN, 
galactosamine. To analyze data, an unpaired t-test and one-way 
ANOVA was carried out, followed by Tukey’s as a post hoc test for 
multiple comparisons. ap<0.0001 vs control; bp<0.0001 vs GalN 
group.
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in the levels of NO was detected in brain tissues in the Gal-
N+MMSC group compared to that of the GalN group (Figure 3).

Activities of Na+/K+-ATPase of experimental groups are given 
in Figure 4. A remarkable (more than 2.4-fold) decline in Na+/
K+-ATPase activities was observed in the GalN group (p<0.0001) 
in comparison with the control group (Figure 4). On the oth-
er hand, a considerable elevation (more than 2.1-fold) of Na+/
K+-ATPase activities in brain tissues in the GalN+MMSC group 
was detected when MMSC was pretreated with the GalN group 
(p<0.0001; Figure 4).

DISCUSSION

The current outcomes revealed that GalN-induced injury re-
sulted in alterations not only in the levels of LPO, hydroxypro-
line, and NO, but also in the activity of Na+/K+-ATPase enzyme 
in the rat’s brain. These defects are associated with an increase 
in ROS formation. 

The hippocampus, amygdala, and brain cells are highly sensi-
tive to the harmful effects of oxidative stress-mediated tissue 
injury. This is because the brain is an organ containing high 
amounts of lipids and their derivatives and utilizes high total 
basal oxygen levels and consequently forms ROS (5). When ROS 
attack the PUFAs of membrane lipids, the abstraction of hydro-
gen from PUFA gives rise to the formation of carbon-centered 
lipid radicals, thus rapidly interacting with the O2 to form lipid 
peroxyl radicals. This in turn, leads to the initiation of a chain re-
action known as LPO. The lipid peroxides formed in this way are 

converted into highly reactive biochemical products such as 
acrolein, 4-hydroxynonenal, and MDA in organisms. MDA is an 
important biochemical marker that is frequently determined in 
the assessment of LPO (15). In the present study, LPO level in 
the GalN given group was found to be statistically higher than 
those of intact rats. This might be associated with a potential 
effect of ROS-mediated brain injury. An increase in LPO levels 
may be owing to the consequences of GalN-induced oxidative 
stress via an upsurge of ROS in the brain tissues of rats. In sever-
al studies related to central nervous system (CNS) diseases, rise 
in the levels of LPO has been accepted to play a crucial role in 
ROS-mediated brain damage (16). The reversed LPO levels may 
be linked to not only ROS mopping effect, but also antioxidant 
potential of the MMSC (8).

In general, hydroxyproline (an imino acid) is synthesized by 
post-translational modification of collagen (viz., hydroxylation 
of proline), and is one of the main components of the colla-
gen protein. Amino acid sequences of collagen are regularly 
ordered as Gly-Pro-X or Gly-X-Hyp. In possible two motifs, the 
sequence of the Gly–Pro–Hyp occurs usually. Collagen contains 
approximately 99.8% of the hydroxyproline stored in the body 
and is therefore used as an important biomarker in the diagno-
sis of collagen and hydroxyproline-related diseases (17). The el-
evation of oxidative stress levels as well as neuroinflammation 
was shown to cause modification of extracellular matrix com-
ponents which may cause Parkinson’s disease (18). In the cur-
rent study, hydroxyproline levels in brain homogenates were 
determined because it is an important diagnostic indicator of 
the severity of liver hepatitis caused by GalN (19). According 
to the findings, hydroxyproline levels in the GalN given group 
were statistically higher than that of control rats. This alteration 
might be associated with GalN-mediated toxicity, which causes 
oxidative stress as well as disruption of membrane integrity via 
high LPO levels. On the other hand, Ganai and his colleagues 
(20) reported that 250 mg/kg GalN injection to rats for 12 
weeks (twice a week) resulted in the formation of fibrosis/cir-
rhosis in the liver, with hydroxyproline levels increasing more 
than 7 times compared to the control group. 

NO, a short-lived, small, and freely diffusible gas molecule, is a 
highly reactive inorganic free radical. The high reactivity of this 
molecule is due to its small size, high diffusion rate and lipo-
philic character rather than the unpaired electrons in its struc-
ture (21). In the biological system, it is formed as a by-product 
of the gradual conversion of L-arginine to citrulline via hydrox-
ylation reaction catalysed by NO synthase NOS. NO molecule 
is formed by the action of the NOS enzyme, which has three 
isoforms: neural, inducible, and endothelial. Moreover, this en-
zyme has very important functions in the cardiovascular and 
CNS (22). Apart from that, NO reacts with other molecules (e.g., 
superoxide, free sulfhydryl groups, and oxygen) to form reac-
tive products known as nitrites, peroxynitrite, and nitrosothi-
ols. Furthermore, NO has diverse functions depending on its 
physiologic concentration. The formation of this molecule at a 
low concentration may protect cells, while at higher concen-
trations it can act as a cytotoxin that plays a role in tumor an-

Figure 4. The effect of MMSC on brain tissues sodium/
potassium ATPase activities of all rats. Data were presented 
as mean±SD. Group I (n=5), intact control animals; Group II 
(n=6), MMSC given group; Group III (n=5), GalN given group; 
Group IV (n=6), GalN+MMSC given group.

Abbreviations: SD, standard deviation; ANOVA, analysis of variance; 
Na+/K+-ATPase, sodium/potassium ATPase; MMSC, S-methyl 
methionine sulfonium chloride; GalN, galactosamine. To analyze 
data, an unpaired t-test and one-way ANOVA was carried out, 
followed by Tukey’s as a post hoc test for multiple comparisons. 
ap<0.0001 vs control; bp<0.0001 vs GalN group.
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giogenesis and progression (23). More so, keeping NO levels in 
balance, which can have both neuroprotective and neurotoxic 
effects, is important in the CNS. This is because NO acts as an 
intracellular signal molecule by stimulating the cyclic guano-
sine monophosphate cascade (24). On the other hand, a rise in 
the production of NO has been reported to be responsible for 
the development of several neurodegenerative disorders (i.e., 
multiple sclerosis, Parkinson’s and Alzheimer’s diseases, and 
ischemia) (25). It thus can be called a “double-edged sword” 
that has key roles in both physiological and pathological pro-
cesses (21). In the current study, NO levels in the brain tissue 
of rats were determined by using Griess reagent. NO levels in 
the MMSC group were unexpectedly found to be statistically 
higher than that of control animals. This might be associated 
with the duration of administration of MMSC (three consecu-
tive days). Oktay et al., stated that the administration of MMSC 
(50 mg/kg/day) to intact animals for 7 days caused an insignif-
icant elevation of NO levels (7). In GalN injected groups, the 
levels of NO were remarkably elevated as compared to intact 
rats. Like GalN, LPS (or in combination with GalN) is an agent 
that is widely used for the induction of multiple organ damage 
(2). Abdel-Salam et al., revealed that nitrite levels increased in 
LPS-induced liver and brain injury (26). On the other hand, pre-
treatment with MMSC gave rise to a notable decrease in NO 
levels in the GalN given group, which may be because of the 
ameliorative effect of MMSC, since NO has been shown to exert 
neurotoxic effects (27).

Na+/K+-ATPase, also known as Na+/K+-ion pump, is a cation 
transport protein that is localized in the plasma membrane of 
various eukaryotic cells. It has an indispensable role in balanc-
ing osmotic equilibrium and electrochemical membrane po-
tential, by exporting three Na+ ions concomitant to importing 
two K+ ions across the membranes of neurons as well as other 
cells [by use free the energy released during the hydrolysis of 
one ATP molecule to ADP and Pi]. Furthermore, this enzyme 
is responsible for maintenance of osmoregulation of both 
Na+ and K+ in hyper- and hypotonic environment, regulating 
cytosolic pH and Ca2+ levels, transmission of nerve impulses 
through neuron and triggering of intracellular signalling (28). 
Oligomeric proteins of Na+/K+-ATPase are vital for its overall 
activity, which consist of the alpha (ten transmembrane helix 
subunits), beta (single transmembrane subunit), and family 
of small membrane proteins (FXYD) subunits (29). The alpha 
subunit is mainly responsible for its catalytic activity, while the 
glycosylated beta subunit regulates the activity and confor-
mational stability of the alpha subunit. Also, interaction be-
tween the beta subunit and the alpha subunit is required to 
complete ion transport. On the other hand, the FXYD subunit 
is divided into two subgroups namely FXYD1 (mainly found in 
the heart, skeletal muscle, and brain) and FXYD2 (highly ex-
pressed in the kidney), respectively (29). In the current study, 
injection of GalN caused a remarkable decline in Na+/K+-AT-
Pase activities. The deterioration of membrane integrity owing 
to the increase in LPO levels in the GalN given group may be 
considered as the reason for the decline in Na+/K+-ATPase ac-

tivities. Additionally, it has been put forward that activity of 
this enzyme in the brain tissue decreases in conditions such as 
ischemia, epilepsy attacks and hypoglycemia, as well as in oxi-
dative damage caused by the administration of toxins such as 
GalN (30). In parallel, decreased Na+/K+-ATPase activities have 
been reported in GalN-mediated oxidative stress in lung tissue 
of rats (9). According to the present findings, administration 
of MMSC to the GalN given group led to a notable recovery 
of Na+/K+-ATPase activities. The present research apparently 
revealed for the first time that treatment with MMSC before 
GalN injection sharply restored Na+/K+-ATPase activities. More 
so, MMSC had protective effects on the brains of GalN-injected 
rats. Similar outcome was previously reported by Gezginci-Ok-
tayoglu et al. (8).

The limitation of the study is that in order to fully understand 
the protective effects of MMSC on brain biochemical parame-
ters, different brain disease models need to develop and the 
effect of MMSC examined on these models.

CONCLUSION

A limited number of published articles on the harmful effects 
of GalN against brain damage encouraged the design and 
execution of the present estudy. The findings obtained from 
the current work demonstrate that GalN-mediated oxidative 
stress leads to an increase in LPO, hydroxyproline, and NO lev-
els, and a decrease in Na+/K+-ATPase activities. In contrast, all 
alterations observed were reverted when MMSC was adminis-
tered to the GalN groups. In the light of the current findings, it 
may be concluded that MMSC has therapeutic effects against 
GalN-induced brain toxicity in rats. 
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ABSTRACT

Objective: The restrictions during the coronavirus disease 2019 (COVID-19) pandemic period may have caused an increase in the 
incidence of deep vein thrombosis (DVT) in the elderly population. We aimed to evaluate whether the frequency of DVT increased in the 
geriatric population due to the restrictions of COVID-19 pandemic period and to emphasize the importance of exercise in this population.

Materials and Methods: Patients over the age of 65 who applied to our hospital, who underwent lower extremity venous doppler 
ultrasonography in the last year before the pandemic and in the first year with pandemic restrictions, were retrospectively analyzed from 
the database. The records of a total of 1531 patients were scanned. Patients with DVT were recorded.

Results: Forty-nine DVT cases in the last year before the pandemic, and 53 DVT cases in the first year of the restrictions were detected. The 
incidence of DVT in the elderly was found to be higher in the restrictions period.

Conclusion: Although the “Stay at home!” restrictions reduced the rate of spread of the disease, it may also have prepared the ground for 
serious conditions such as DVT in this population. Home exercise programs are important especially for the elderly population during the 
pandemic period.
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INTRODUCTION

Venous thrombosis (VT) is the general definition for throm-
bosis occurring in the venous system and is most common-
ly detected in the deep veins of the lower extremities. The 
most important life-threatening clinical finding of VT is the 
pulmonary embolism (PE) (1). VT development is based 
on blood-flow stasis, hypercoagulability, and endothelial 
damage as the components of the Virchow Triad (2). Fac-
tors such as age, genetic factors, immobilization, sedentary 
life, obesity, malignancy, and smoking are blamed as risk 
factors, and age increases the risk of VT independently of 
other risk factors (3-9).

The coronavirus disease 2019 (COVID-19) pandemic has 
become a global problem since the end of January 2020 
and the spread of the virus is affecting public, economic, 
and private life rapidly and strongly all around the world. 
Comprehensive government restriction policies were im-
plemented all over the world to keep the pandemic under 
control. The slogan “Stay at home!” was conveyed to every-
one all around the world. Strict measures have led to social 
isolation as well as restriction of movement in vulnerable 
groups, such as the geriatric population (10, 11). This is im-
portant because the effects of an immobile lifestyle may be 
lower risk for children and young adults but much higher 
risk for elderly adults, who should stay at home. Elderly 
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adults should stay at home but avoid a completely sedentary 
lifestyle as they are at higher risk of contracting COVID-19 in-
fection and death. Physical activity is particularly important 
for the elderly population to maintain levels of independence, 
mental health, and well-being (12, 13). Physical inactivity is one 
of the major risk factors for mortality worldwide and a signifi-
cant contributor to disability in elderly adults (14). People who 
do not engage in regular physical activity have higher risks of 
functional decline (15). Therefore, it is necessary to maintain 
mobility in old age as loss of independence can be predicted 
in elderly adults (16,17). Inadequate physical activity in quaran-
tine period might also have detrimental effects on the mental 
and emotional health of elderly adults (17).

In this study, it was aimed to examine whether the restrictions 
during the pandemic period caused an increase in the inci-
dence of deep vein thrombosis (DVT) in the elderly population 
and to emphasize the importance of mobility in this age group.

MATERIALS AND METHODS

Ethical approval was obtained from Adıyaman University 
Non-Invasive Clinical Research Ethics Committee before start-
ing the study (19.01.2021/01-23). All patients over the age of 
65 who applied to any outpatient clinic in the last year before 
the pandemic and within the first year of the pandemic period 
and who were requested lower extremity venous doppler ul-
trasonography (US) with a preliminary diagnosis of DVT were 
scanned from the database of our hospital. Patients over the 
age of 65 and who were diagnosed with DVT by doppler US 
were included in the study. Patients diagnosed with COVID-19 
serologically, radiologically, or clinically; who were hospitalized 
for any other reason; who had a surgical operation with the di-
agnosis of hip fracture; who had a history of cerebrovascular 
disease and/or a history of malignancy; who had had severe 
heart and/or kidney failure; or who had any inflammatory dis-
ease were not included in the study. 

The data of a total of 970 patients who applied to outpatient 
clinics between 01.03.2019 and 29.02.2020 and had undergone 
lower extremity venous doppler US before the start of the pan-
demic in our country were scanned. Forty-nine patients who 
met the inclusion criteria and who had thrombus on doppler 
US were included in the study. The data of 561 patients, who 
underwent lower extremity venous doppler US with outpatient 
admission between 01.03.2020 and 28.02.2021, when the pan-
demic started in our country and restrictions were placed, were 
also scanned. For this period, 53 patients who met the inclu-
sion criteria and were diagnosed with DVT by doppler US were 
identified.

Statistical Analyses
The SPSS version 22.0 package software (SPSS Inc., Chicago, II 
USA) was used for the analysis of the data. Mean and standard 
deviation (SD) values   were used in descriptive statistics, the 
Chi-square test was used to compare categorical variables, and 
the Mann Whitney U test was used to compare the DVT num-
bers according to gender.

RESULTS

It was determined that 970 of the 1531 patients included in our 
study were requested to do lower extremity venous doppler US 
with a preliminary diagnosis of DVT when they applied to our 
hospital’s outpatient clinics in the last one-year period before 
the pandemic, and for 508 in the first year of the pandemic. 
The mean age of patients with DVT in the pandemic period 
was 76.5±12.6, and the mean age of patients with DVT in the 
pre-pandemic period was 77.6±11.6 (p>0.05). The numbers of 
patients are shown in Table 1.

Whether the detection of DVT in the pre-restriction period and 
during the restriction period was independent of each other 
was tested with the Chi-square test. According to the test re-
sults, the number of patients with DVT was not independent 
of the pandemic process (χ2=11.045; p<0.001). Also, the dif-
ference between DVT rates in the pre-restriction period and 
during the restriction period was tested with the Z-test. Ac-
cordingly, the rate of DVT development increased at significant 
levels during the pandemic process (p<0.001). 

The distribution of DVT count according to gender in the 
pre-restriction period and during the restriction is given in 
Table 2. 

Whether the distribution of DVT according to gender in the 
pre-restriction period and during the restriction period was in-
dependent of each other was tested with the Chi-square test. 
According to the test results, DVT and gender were indepen-
dent of each other (χ2=1.336; p>0.05). Also, although the rate 

Table 1. DVT in the pre-restriction period and during the 
restriction period.

DVT

Total pYes No

Restrictions 
Yes 53 508 561

<0.001No 49 921 970

Total 102 1429 1531

p<0.05, statistically significant; DVT, Deep vein thrombosis

Table 2. Distribution of patients with DVT according to 
gender.

Gender

Total pFemale Male

Restrictions
Yes 21 32 53

>0.05No 25 24 49

Total 46 56 102

p<0.05, statistically significant
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of men who had DVT during the restriction period compared 
to the pre-pandemic period increased from 0.49 to 0.60, the 
rate of women decreased from 0.51 to 0.40. The difference be-
tween these rates was tested with the Z-test. In this respect, 
the rate of men and women who had DVT in the pre-pandemic 
period and during the pandemic period did not change at sig-
nificant levels (p>0.05).

DISCUSSION

Based on our review of the subject, this is the first study to in-
vestigate the prevalence of DVT in the geriatric patient popula-
tion without any other risk factors of “Stay at home!” directives 
and social isolation. This study is important in that it shows how 
important the problem of immobility is in geriatric patients and 
how immobility increases the rates of DVT, which can result in 
life-threatening problems for this age group. Although all caus-
es other than limitation of motion, which might cause DVT, 
were excluded in our study, it was found that “Stay at home!” 
restrictions were higher in the geriatric patient population at 
significant levels during the pandemic period compared to the 
last year before the pandemic. 

Since the COVID-19 pandemic is more lethal for the geriatric 
population, it caused some restrictions to be applied by gov-
ernments all over the world, especially for people who are 
over the age of 65 (18). Schools, public places, and workplac-
es were closed as part of the curfew and quarantines in many 
countries to ensure social distance and reduce infection. Al-
though this strategy was reported to be effective in controlling 
the COVID-19 outbreak, quarantine might be associated with 
some undesirable effects because of changing social habits. 
The “Stay at home!” practices might have also caused negative 
changes, such as obesity, diabetes mellitus, cardiovascular dis-
eases, muscle atrophy, bone loss, impaired immune system, 
and decreased aerobic capacity as well as psychological effects, 
such as anxiety, posttraumatic stress symptoms, and confusion 
(17,19). In the study conducted by Mauger et al. in Italy, it was 
reported that physical activity decreased at significant levels 
during the pandemic compared to the pre-pandemic period, 
which caused psychological problems, such as depression and 
anxiety (20). The literature described the positive roles of phys-
ical activity in improving overall health to have effects on the 
heart, circulation, and respiration as well as immune function 
at a great deal (21,22). Therefore, establishing or maintaining 
regular physical activity habits has the potential to reduce the 
effects of the pandemic on a personal and societal level. It was 
proven to be difficult to form and maintain regular physical ac-
tivity habits. It was reported by the Department of Health and 
Human Services that only 24% of adults meet the guidelines 
defined for them (23). The effects of restrictions on human psy-
chology were evaluated in the literature, and it was reported 
that the importance of exercise in preventing this must be em-
phasized (20,24). A small number of case reports were detected 
in which DVT developed only with inactivity during the pan-
demic period. Blum et al. reported that a completely healthy 
84-year-old woman developed DVT because of inactivity in 

the quarantine period (25). In our study, a significant difference 
was found in terms of DVT development when other risk fac-
tors were excluded and when patients who developed DVT in 
the last year before the pandemic and the first year of the pan-
demic were compared. This shows the negative outcomes of 
the “Stay at home!” restriction. When it is considered that our 
hospital was the only one other than private ones in our city, 
these results were found to be important in terms of showing 
how much the risks increased on a provincial basis. Therefore, 
prevention and protection methods are important to avoid 
these problems in the COVID-19 epidemic, especially in geriat-
ric patients who are at great risk in this respect (26,27). If neces-
sary, this negative situation must be prevented by home exer-
cise instructions, viable mobility programs on public television 
or digital health applications, information to be provided in the 
form of public announcements, brochures to emphasize the 
importance of exercise, and the media. Exercise can prevent 
metabolic disorders, bone, muscle, joint pathologies and neu-
rodegenerative diseases. Also, regarding the respiratory tract 
infection caused by COVID-19, regular exercise was shown to 
prevent the development of pathological consequences that 
cause cell necrosis and damage by inducing the secretion of 
stress hormones and anti-inflammatory cytokines responsi-
ble for decreasing excessive local inflammation in the airways 
(28,29). Thus, exercise can also avoid COVID-19 infection from 
becoming more severe in geriatric patients by strengthening 
the immune system. The opportunity for physical activity out-
doors is limited, and it is recommended that people stay active 
by exercising at home in the current pandemic. For this pur-
pose, various exercises can be recommended, including aer-
obic exercises, which can be performed by using a stationary 
bike, arm ergometer, or treadmill, bodyweight strengthening 
exercises, dance-based exercises, and active video games. Aer-
obic exercise training is defined as the exercises producing 
light, moderate, or high cardiovascular loads, which can be 
performed with a stationary bike, arm ergometer, treadmill, or 
various types of dance and gymnastics. The World Health Or-
ganization recommends 75-minute vigorous-intensity physical 
activity per week or 150 minutes of moderate-intensity physi-
cal activity per week to be combined with muscle-strengthen-
ing training twice a week for adults and the elderly (30). While 
there is no significant increase in the total number of patients 
with DVT, the statistical difference might have arisen from the 
lower number of admissions to the hospitals during the pan-
demic. In the early times of the pandemic, there was a serious 
decrease in the number of applications to hospitals, due to 
the fear of transmission of the virus, potential risks in hospitals 
and general public restrictions. It has been reported that there 
has been a serious decrease in hospital admissions with the 
emergence of the pandemic in the United States and that most 
hospitals are operating below 50 percent of capacity. In March 
2022, it was reported that there was a serious decrease in the 
number of admissions to hospitals, even due to serious health 
problems such as myocardial infarction and stroke (31-33). In 
a study conducted in Norway, it was reported that there were 
significant decreases in the number of admissions to hospitals 
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in the first months of the pandemic and that these decreases 
were not different in terms of age and gender (34). In our study, 
although the number of hospital admissions decreased during 
the pandemic period, the incidence of DVT was found to be 
higher than in the pre-pandemic period.

The limitations of our study are that the study design was 
retrospective, the number of patients was small, the physical 
activity levels of the patients were not known, and the lower 
extremity venous doppler US evaluation was performed by dif-
ferent radiologists.

CONCLUSION 

In conclusion, it can be said that the quarantine and “Stay at 
home!” practices applied to prevent the pandemic might cause 
negative consequences such as DVT, especially in the geriatric 
population, and it can be said that programs that emphasize 
the importance of exercise in the scope of public health prac-
tices should be increased to prevent this situation.
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ABSTRACT

Objective: Autism spectrum disorder (ASD), the most well-known type of neurodevelopmental disorder, is a mental development 
disorder. Since there is no definitive biomarker for ASD, diagnosis is made based on the assessment of the patient's behavior. In addition 
to behavioral and social disorders, genetic factors are also important in ASD. 

Materials and Methods: In the study, variant analyses were performed by whole genome sequencing (WGS) method, as well as evaluating 
the clinical features of two monozygotic twin couples (one discordant and the other concordant). 

Results: According to the WGS results, thirteen high pathogenic variants were detected in twenty-nine novel candidate genes. Candidate 
genes include MEAF6, OR2T8, ABI2, PDE4D, GLIS3, DRD4, LPXN, FAM186A, NEK3, GOLGA8A, SSC5D, ARMCX4, ADAR, LRP1B, DAP, LYRM7, MUC12, 
CNTNAP3B, TCP11L1, OR8B3, KLRC3, and DPP9. 

Conclusion: We speculate that clinical evaluations and examination of genetic changes are important for understanding the disease in 
individuals with ASD and their families.
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INTRODUCTION

Autism spectrum disorder (ASD) is a type of mental de-
velopmental disorder with characteristic features such 
as limitations in social communication, repetitive behav-
iors, insistence on sameness, and limited interests (1). The 
prevalence of ASD is below 1.0% worldwide. However, this 
rate is thought to be higher in developed countries (2). In 
a study that included eleven regions in the United States, 
the prevalence of the disease was determined as 18.5:1000 
(for 8-year-old children). It has been revealed that the inci-
dence of ASD in boys is 4.5 times higher than in girls. Symp-
toms of the disease appear in the early period (at the age 
of 1-2 years) (3, 4). Individuals with ASD have difficulties in 
social behavior, emotional and non-verbal communication, 
and relationship building. Additionally, restricted areas 
of interest and repetitive behavior patterns are common 

clinical features. Examination of social communication, 
limited interests, and repetitive behavioral symptoms are 
particularly important in diagnosis of autism (5, 6). Emo-
tional symptoms such as depression, anxiety and attention 
problems, behavioral conditions such as aggression, and 
challenging behaviors can be noticeable in individuals with 
autism (7). Although imaging techniques such as magneto-
encephalography (MEG), and magnetic resonance imaging 
(MRI), positron emission tomography (PET), single-photon 
emission computerized tomography (SPECT), and electro-
encephalography (EEG) are neuroimaging techniques that 
can be used in brain imaging with autism, the diagnosis of 
the disease is usually made routinely with clinical evalua-
tions (8). Neuroanatomical differences in various parts of 
the brain are thought to be associated with behavioral and 
cognitive abnormalities, especially in individuals with ASD 
aged 2-3 years (9). Gastrointestinal problems, attention 
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deficit hyperactivity disorder (ADHD), bipolar disorder, Tourette 
syndrome and tic disorders, Childhood-onset schizophrenia 
and epilepsy, and conditions such as sleeping, feeding, and 
toilet problems have been identified as comorbidities that are 
associated with ASD. Studies have shown that the prevalence 
of ASD in epilepsy is high and that it has similar etiological 
aspects (6,10,11). There are limited treatment options for im-
proving the symptoms seen and for the accompanying mental 
or clinical manifestations that may increase the severity of the 
disease in ASD. As in numerous other diseases, personalized 
treatment and precision medicine approaches are thought to 
be effective in treatment of ASD.

As a result of studies on twins, it was revealed that genetic and 
environmental factors were related to the etiology of psychiat-
ric diseases, including autism, and it was determined that the 
concordance in monozygotic (MZ) twins were higher than in 
dizygotic (DZ) twins. In addition, it has been stated that genetic 
factors may influence brain size, curvature, and subcortical gray 
matter in brains with ASD while environmental factors may 
have an effect on brain regions such as cortical thickness and 
cerebellar white matter (12-15). Numerous single-nucleotide 
polymorphisms (SNPs) or copy number variations (CNVs) have 
been identified in protein-coding genes, which participate in 
events such as neuronal development and synapse formation, 
in approximately 25-35% of individuals, in consequence of 
many studies conducted with genome sequencing analysis in 
ASD. In these studies, about one thousand genes were thought 
to be associated with the disease have been identified. When 
ASD-related genes are examined, it is thought that changes 
in many human genes such as SHANK3, CDH8, CDH9, CDH10, 
CSMD1, SCNA2, CNTNAP2, MACROD2, SLC9A9, and BCKDK were 
associated with ASD. With these analyses, it has been detected 
that CNVs in regions (16q11.2), (15q11-13), (Xp22.3), (15q13.1–
13.2), (3p26.3 and 2p12) (16-18).

In this study, we aimed to learn more about the genetic back-
ground of the disease and to examine its contribution to the 
ASD phenotype by performing whole genome sequencing 
(WGS) analysis on two MZ twins. Besides, we examined the ef-
fects of the clinical and psychological conditions of the parents 
on individuals with autism by applying tests that are used to 
measure autism status, depression, mood, and quality of life to 
the families of a couple of concordant and discordant twins. 

MATERIALS AND METHODS

Participants
Our study was conducted with concordant and discordant 
twins diagnosed with ASD at the Umraniye Training and Re-
search Hospital, Child and Adolescent Psychiatry Clinic. Ethical 
approval of the project was taken from University of Health 
Sciences, Umraniye Training and Research Hospital, Clinical 
Research Ethics Committee (B.10.1.TKH.4.34.H.G.P.0.0.1/167, 
19.12.2018). In the study, the clinical data of two twin couples, 
one discordant (Twin couple 1; twin 1.1 and 1.2) and the other 
concordant (Twin couple 2; twin 2.1 and 2.2), were examined. 

Then, WGS analysis was performed to investigate the genetic 
differences and their relationship with the disease. Toronto 
Alexithymia Scale (TAS-20) and Autism Spectrum Quotient 
(AQ) questionnaires were applied to the mothers and fathers 
to measure autism status, depression, mood, and quality of life 
in the parents of twin couples. In addition, Beck Depression 
Inventory (BDI) and World Health Organization Quality of Life 
(WHOQOL- BREF) questionnaires were completed.

Genomic Sample Collection and Preparation
Peripheral blood samples (~2 ml) were collected into a tube 
with EDTA. The total DNA was extracted from 200 μL blood 
samples according to the manufacturer’s instructions (Cat. 
No. 11796828001, Roche Applied Sciences, Germany), and the 
DNAs were kept in a freezer at -200C until sequencing. Through 
spectrophotometric analysis (DENOVIX DS-11 FX, USA), the con-
centration of the samples was determined as 200 ng/μL. DNA 
fragments were ligated with adaptor oligonucleotides to form 
paired-end DNA libraries with an insert size of 500 base pair (bp). 

Whole Genome Sequencing (WGS)
The samples were run on the Illumina Novaseq platform (No-
vaSeq™ 6000 Sequencing System, Cat. No. 20012850, US) on S1 
flow cell that has 2 lanes; the data is from the two lanes. In the 
current study, which used the Illumina NovaSeq6000 system, 
an average length of 100 bp, a sequence depth of 12 Gb per 
sample and 100×106 paired end were read. A total of 265,815 
unigenes were detected with an average contig length of 201 
bp. 

Bioinformatic Analysis
The pool has been created as two forward fast adaptive shrink-
age thresholding algorithm and quality (FASTQ) files and two 
reverse FASTQ files for each sample (as each sample has 4 
FASTQ files: 2 forward and 2 reverse (paired-end)). Variant call 
format (VCF) and PLINK files were created. In preparing the 
VCF files, we included all possible variants right after standard 
genome analysis toolkit (GATK, 4.2.0.0) bioinformatics analy-
ses on purpose, in which only a minimum of standard quality 
control was applied. These VCF files were intended to provide 
a comprehensive pool of variants, from which further quality 
controls can be applied manually to filter for higher quality 
variants. The effects (mutations) and classifications (localiza-
tion) of variants in genome wide were annotated by ANNOVAR 
(Annotate Variation). Assuming that the disease is caused by 
different genotypes between affected and unaffected individ-
uals, MZ couples were compared among themselves to identify 
differences (variants). Subsequently, overlapping of identified 
variants shared by the two families was found. The data was 
analyzed using R Bioconductor (V.3.13; it works with R V.4.1.0). 
In the study, filtering was performed so that the quality deep 
(QD) value was between 27-33.

RESULTS

Clinical, Developmental and Diagnostic Evaluation of Twins
When the clinical characteristics of twin individuals were exam-
ined, it was observed that while all individuals were found to 
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have an early birth time and a low birth weight, none of them 
had epilepsy (Table 1). According to the developmental evalua-
tions of the twins, it was observed that only the individual with 
severe autism (Twin 2.2) did not speak, and it was determined 
that walking was delayed in the twin 2 couple, and they did not 
have toilet training (Table 2). Diagnostic features were divided 
into social disability, communicative limitation, and repetitive 
interests and limitations categories and evaluated in three in-
dividuals with autism other than the healthy individual. As a 
conclusion, it was determined that the symptoms were directly 
proportional to the severity of autism, and it was noticed that 
the regression of the symptoms was more pronounced with 
special education, especially in twin 1.1. When the autism-be-
havior-checklist (ABC) and childhood-autism–rating-scale 
(CARS) scores were examined in individuals with autism, it was 
revealed that these values were increased with the severity of 
autism (Table 3).

Parental Information 
While the parents of the twin couple were alive and married, it 
was determined that there was no consanguinity between the 
parents. While there was no individual with any psychological 
illness in the family and relatives of twin 1, it was stated that 
one of the relatives of twin 2 had a late speaking individual. 
As a result of the TAS-20 evaluation, possible alexithymia was 

detected only in the mother of twin 1 (59 points), while alex-
ithymia was detected in other parents (Twin couple 1 father, 75 
points; twin couple 2 mother, 71 points; twin couple 2 father, 
71 points). According to BDI examinations, mothers of twin 
couple 1 (24 points) and 2 (29 points) had moderate depression 
in both. As a result of the WHOQOL-BREF test, the psychologi-
cal evaluation of both mothers was below 50% (Twin couple 1 
mother, 45,8%; twin couple 2 mother, 41,7%). However, in the 
mother of twin 2, the value of all categories was below 50%.

Genetic Assessment of WGS
According to the identical variants between the twins were 
examined, there were seven high pathogenic variants out of 
64,867 variants, of which 17,936 were genic, when the iden-
tical alleles were examined, out of 23,362 variants, of which 
5,823 were genic, six high pathogenic variants were detect-
ed. As a result of the comparison of the variants of the twin 
couples among themselves, fifteen of the 265,815 variants, of 
which 45,626 were genic in the discordant twin couple (Twin 
couple 1), were determined as high pathogenic. According to 
the examination of the different variants in the concordant 
twin couple (Twin couple 2), it was determined that fourteen 
out of 268,928 variants, 45,521 of which were genic variants, 
were high pathogenic variants. After filtering data of twins, 
MEAF6, OR2T8, ABI2, PDE4D, GLIS3, DRD4, LPXN, FAM186A, 

Table 1. Clinical characteristics of twins.

Twin 1.1 Twin 1.2 Twin 2.1 Twin 2.2

Age 15 6

Gender Female Female

Diagnosis-Severity
Mild
Moderate
Severe
Healthy

Mild Healthy Moderate Severe

Birth Time
Pre-term (< Week 37)
Term ( Week 37-41)
Post-term (≥ Week 42)

Preterm Preterm Preterm Preterm

Birth Weight (g)
Very low (<1500 g)
Low (<2500 g)
Normal (2500-3999 g)
High (>4000 g)

Very low Very low Very low Very low

Epilepsy
Yes
No

No No No No

History of Incubator
Yes
No

Yes No Yes Yes
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NEK3, GOLGA8A, SSC5D, ARMCX4, ADAR, LRP1B, DAP, LYRM7, 

MUC12, CNTNAP3B, TCP11L1, OR8B3, KLRC3, and DPP9 genes 

have been identified as candidate genes in ASD (Figure 1 and 

2, Table 4).

DISCUSSION

In the large-scale association studies, genetic heterogeneity 
and environmental factors make it difficult to reach clear con-
clusions for disease etiology, especially for psychiatric diseases. 

Table 2. Developmental information of twins.

Twin 1.1 Twin 1.2 Twin 2.1 Twin 2.2

Unsupported Sitting
Early (<month 7)
In time (month 7-9)
Late (>month 7-9)

In time In time In time In time

Babbling
Early (<month 3)
In time (month 3)
Late (>month 3)
No Babbling

In time Early In time In time

Teething
Early (<month 6)
In time (month 6-8)
Late (>month 6-8)

Late Late Late Late

Walking
Early (<month 11)
In time (month 11-15)
Late (>month 11-15)
No Walking

In time In time Late Late

Talking
Yes
No
Regression

Yes Yes Yes No

Toilet Training
Early (<years 2-3)
Normal (years 2-3)
Late (≥years 4)
No Toilet Training

Normal Normal No Toilet Training No Toilet Training

Table 3. Total CARS and ABC scores of twins with autism.

Twin 1.1 Twin 2.1 Twin 2.1

CARS Score 23.5 36 47.5

ABC Scores
Sensory 
Relating 
Stereotypes and object use 
Language 
Self-Help And Social 
Total Score

7
20
4
0
7

38

13
26
34
26
15

114

26
38
34
18
18

134

CARS, Childhood Autism Rating Scale; ABC, Autism Behavior Checklist.
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Figure 1. Genetic interaction and pathway networks of candidate genes obtained by WGS analysis. Green lines show genetic 
interaction, blue lines show pathway networks (https://genemania.org/). 

Figure 2. Co-expression and shared protein domains networks of candidate genes obtained by WGS analysis. Violet lines show 
co-expression, yellow lines show shared protein domains networks (https://genemania.org/). 

https://genemania.org/
https://genemania.org/
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However, it may be possible to obtain definitive findings with 
genetic or epigenetic studies with twins. Twin studies have 
some advantages over studies with non-twins. Twin studies 
can sometimes be developed into longitudinal studies. Before 
and after diagnosis, severity of disease, speaking, age of onset, 
the profile of symptoms, response to a variety of drugs might 
potentially need to be considered. With next-generation se-
quencing technology, it is possible to match clinical features 
with genetic changes and to detect epigenetic differences. 
Twin studies, with this technology, make it possible to detect 
differences in several aspects such as somatic mutations, DNA 
methylation, histone modifications, CNVs, single nucleotide 
variants (SNVs), changes in introns, synapse formation, and reg-
ulation of neural networks including microglia (12). However, 
the detection of discordant twins also play a considerable role 
in understanding the etiology of psychiatric diseases. 

Not a little evidence demonstrates the importance of complex 
genetic factors in ASD development. Examples of candidate 
genes in our study include Abl Interactor 2 (ABI2 ), a protein cod-
ing gene. ABI2 is a gene associated with autosomal recessive 
limb-girdle muscular dystrophy type 2H. In a study investigat-
ing the genetic background of autism, it was seen that the ABI2 
gene was among the genes with de novo missense mutations 
discovered in consequence of the evaluation of the exome 
sequencing results (19). As for that to a study conducted with 
192 relatives with non-syndromic intellectual disability, homo-
zygous loss-of-function mutations were found in nine genes, 
including the ABI2 gene, in 43 families (20). MYST/Esa1 Associat-
ed Factor 6 (MEAF6 ) is a gene that encodes a nuclear protein in-
volved in transcriptional activation, with a pseudogene for this 
gene on chromosome 2. This gene aberration was observed in 
our study. Genes expressed at various levels in schizophrenia 
and schizoaffective disorder were investigated with microarray 
datasets; it was determined that MEAF6 expression levels were 
low in parvalbumin positive neurons of the 3rd layer of the dor-
solateral prefrontal cortex in patients (21). Mucin 12 (MUC12 ) 
gene encodes an integral membrane glycoprotein that play a 
crucial role in forming protective mucous barriers on epithelial 
surfaces and have been implicated in epithelial regeneration 
and differentiation. In an exome sequencing study conducted 
with individuals with autism, a de novo nonsense variant in the 
MUC12 gene was identified in a case with ASD (20). In a differ-
ent study, in which postzygotic mutations were analyzed with 
whole exome sequencing (WES) in ASD, six non-synonymous 
postzygotic mosaic mutations (PZM) were identified in the 
MUC12 gene (22). Dopamine Receptor D4 (DRD4 ) gene encodes 
the D4 subtype of the dopamine receptor. The D4 subtype is 
a G-protein coupled receptor which inhibits adenylyl cyclase. 
This gene contains a polymorphic number (2-10 copies) of tan-
dem 48 nt. repeats; the sequence shown contains four repeats. 
A high prevalence of rare DRD4 alleles in children diagnosed 
with ADHD was reported. As to examining whether the DRD4 
alleles overlap in ADHD and ASD, it was reported that rare vari-
ants were not observed in individuals with ASD (23). It is known 
that dopamine receptors are involved in the control of behav-Ta
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ior-related signals and are associated with attention disorders. 
Although the DRD4 gene, which is associated with the post-
synaptic effect of the dopamine hormone, participates in many 
neural pathways, these gene polymorphisms are thought to be 
associated with psychiatric disorders (24).

Considering the relationship of the exon 3-7 repeat allele in the 
DRD4 gene with autistic symptoms in twins with ADHD was 
investigated, it was suggested that high repeat alleles may in-
crease the risk of autistic symptoms. As a result, it was reported 
that this gene may be associated with the possibility of autistic 
features in the phenotype (25). According to another study, it 
was stated that DRD4 polymorphisms of oppositional defiant 
disorder, separation anxiety disorder, obsession-compulsions, 
and repetitive behaviors may be related to the severity of the 
symptoms of the disease. It has been reported that the symp-
toms are more severe in the phenotype. In addition, it has been 
determined that oppositional defiant disorder symptoms are 
more severe in patients who are homozygous with the DAT1 
10-repeat allele and who are carriers of the DRD4 7-repeat al-
lele. These results support the idea that DRD4 polymorphisms 
may be a candidate biomarker associated with autism severity 
(26). In another study, the DRD4 gene repeat allele was exam-
ined in ASD individuals, as well as in their parents, and the chil-
dren were examined in terms of opposition, separation anxiety, 
and repetitive behaviors (27). Consequently, the 7-repeat gen-
otypes were found to be associated with oppositional defiant 
disorder, obsessive-compulsive disorder, and tic severity, it was 
concluded that genotype research in families could help to es-
tablish biomarkers for the evaluation of prognosis for behavior-
al disorders in patients with ASD. 

Phosphodiesterase 4D (PDE4D) regulates cyclic adenosine 
monophosphate (cAMP) signaling and plays a crucial role in 
sex-specific signaling regulation in ASD. In a study investigat-
ing the behavioral and biochemical effects of CC2D1A deficien-
cy in male and female mice in intellectual disability and autism 
spectrum disorder, it was shown that, unlike females, PDE4D 
was hyperactive in CC2D1A-deficient male mice, resulting in a 
decrease in cAMP response element-binding protein signaling 
(28).

Armadillo Repeat Containing X-Linked 4 (ARMCX4 ) is a member 
of the ARMadillo repeat-containing proteins gene family on 
the X chromosome (29). In a study examining genetic aber-
rations with WES in childhood-onset schizophrenia (COS) pa-
tients, variants of this gene were identified in twelve male (30). 
To date, there is no study describing the relationship of this 
gene with autism. However, this gene variant (c.5551A>G|p.
Ile1851Val) was detected in our study.

ADAR enzymes are important in the healthy development of 
the brain. ADAR gene has been linked with Fragile X and ASD 
(31). In a study in which ASD-related genes were examined by 
transcriptome analysis, it was suggested that ADAR enzymes 
may cause deterioration in the cells due to insufficient regula-
tion in inhibitory neurons (32).

Low-density lipoprotein (LDL) receptor related protein 1B (LRP1B ) 
gene belongs to the receptor gene family. These receptors play 
a wide variety of roles in normal cell function and development 
due to their interactions with multiple ligands. A study con-
ducted with array-comparative genomic hybridization (aCGH) 
analysis examined a 23-year-old individual with episodes of 
unexplained severe mental retardation, autism spectrum disor-
der, congenital malformations including hypospadia and om-
phalocele, and episodes of high blood pressure. In the study, 
mutations in eight genes, including the LRP1B gene, were de-
tected in an individual with autism accompanied by mental 
retardation (33).

Death associated protein (DAP) gene has been found associ-
ated with ASD as a biomarker by Carvalho et al. (34). Also, in 
the Center for Health Assessment of Mothers and Children of 
Salinas [CHAMACOS], associations of prenatal DAPs with lower 
IQ, poorer attention (35), and other genes, such as GLIS3, LPXN, 
FAM186A, NEK3, GOLGA8A, SSC5D, LYRM7, CNTNAP3B, TCP11L1, 
OR8B3, KLRC3, and DPP9 had been reported. As a consequence 
of studies on ASD up to now, indels, SNVs, and CNVs in many 
genes have been found to be associated with the disease. 
Genetic variations revealed by whole genome sequencing 
and whole exome sequencing studies on concordant and 
discordant twins are important in understanding the genetic 
background of the disease. Even with great strides in under-
standing the genetic basis of ASD by sequencing of multiple 
cohorts in todays, many causes underlying autism remains un-
discovered. 

CONCLUSION

Our study provides evidence that WGS data can aid in the de-
tection and clinical evaluation of individuals with ASD and their 
families. According to analysis of sequence, rs5951336 variant 
in ARMCX4 gene were detected in our MZ twins. The diagnos-
tic yield and clinical utility should increase as more undetected 
structural genetic variants are discovered and characterized 
and as additional individuals with ASD are studied. Several 
genome sequences may help to resolve the role of common 
variants in ASD, and integrating these data with those on rare 
variants will aid understanding of penetrance, variable expres-
sivity, and pleiotropic effects. As a result, genetic susceptibility 
to ASD may be different for each individual. This makes that in-
dividual a prime candidate for the precision medicine era.
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ABSTRACT

Objective: Vaccines were considered as one of the most important public health measures during the coronavirus disease 2019 (COVID-19) 
pandemic. The aim of this study was to quantify and compare restorative dental practices of geriatric patients during pre-pandemic, pre-
vaccination, and post-vaccination periods. 

Materials and Methods:  Dental records of patients aged older than 65 who presented to Bursa Oral and Dental Health Training and Research 
Hospital were included in the study. Restorative dental practices during the three periods: pre-pandemic period (01.01.2019−10.03.2020), 
pre-vaccination period (11.03.2020−13.02.2021) and post-vaccination period (14.02.2021−01.09.2021) were reviewed according to the 
patient’s age (young-old, middle-old and old-old), sex, tooth number (anterior and posterior), restoration type (occlusal, proximal, or 
cervical) and the type of restoration material (amalgam or composite). 

Results: Anterior restorations accounted for more than half (53%) of all restorations in the pre-COVID-19 pandemic period and 46.5% and 
55.4% of restorations in the pre- and post-vaccination periods, respectively. The distribution of posterior amalgam restorations in the pre-
pandemic period (31.5%) was higher than the pandemic period; in contrast, the composite restorations were higher during the pandemic 
pre-vaccination (73.9%) and post-vaccination (76.3%) periods (p<0.001). The males (odds ratio (OR): 1.17, 95% CI: 1.03-1.34, p=0.02) and 
middle-old (OR: 0.79, 95% CI: 0.64-0.96, p=0.019) were more likely to use restorative dental services as compared to females and young-
old age, respectively.

Conclusion: Vaccination had a noticeable effect on increased admissions of geriatric patients and restorative dental treatments compared 
to the pre-vaccination period. In addition, in the post-COVID-19 vaccination period, composite restorations seem to have replaced 
amalgam restorations.
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INTRODUCTION 

After coronavirus disease 2019 (COVID-19) was detected in 
Wuhan, China on December 2019 (1, 2), the virus quickly 
spread worldwide, leading to a COVID-19 pandemic. The 
first recorded case in Turkey was on March 11, 2020 (3). 
Shortly after that, on April 1, 2020, the Ministry of Health in 
Türkiye published a circular recommending that all elective 
procedures, except emergency treatment should be de-
layed in dental clinics (4). The circular included instructions 

aimed at preventing horizontal transmission of Severe 
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) 
and included environmental disinfection and regulations. 
After the virus is transmitted to a person, infection with 
SARS-CoV-2 activates the immune system. Vaccines can 
help to prevent the spread of infection by stimulating the 
body’s immune response (5). Vaccines are one of the most 
important and effective public health practices in terms of 
their cost, reliability, and ability to prevent infectious dis-
eases (6).
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In early 2021, the China National Medical Products Administra-
tion authorized the use of CoronaVac, a two-dose β-propiolac-
tone-inactivated, aluminum hydroxide-adjuvanted vaccine, for 
the prevention of COVID-19. Since its authorization, 260 million 
doses have been distributed to domestic and overseas mar-
kets, including Türkiye. In Türkiye, a vaccination priority was 
given to healthcare workers in public and private healthcare 
facilities on January 14, 2021, and to geriatric individuals older 
than 65 years on February 11, 2021. 

With the commencement of the vaccination, a period called 
the ‘new normal’ emerged in Türkiye, during which COVID-19 
prevention measures continued in health care facilities, but the 
range of available treatments, including dental restorations, ex-
panded (7). In the pre-vaccination period of the pandemic, it 
was recommended that only emergency dental treatment (end-
odontic and surgical characterized by pain and swelling) could 
be performed (4, 8). After the commencement of the vaccination 
program, restorative dental treatments and other elective proce-
dures were resumed. Restorative dental treatments include res-
toration of hard tissue affected by dental caries using restorative 
materials, such as amalgam and composites. The main purpose 
of restorative dental treatment is to improve patient aesthetics 
and function (9, 10). The aim of this study was to quantify and 
compare restorative dental practices of geriatric patients during 
pre-pandemic, pre-vaccination, and post-vaccination periods.

MATERIALS AND METHODS

Ethical approval was obtained from the ethics committee of 
Bursa Uludag University (2021-12/26). Prior to commence-
ment, this study was approved by the Ministry of Health Tur-
kiye (Prot No: 2021-08-26T13_55_16) and the Bursa Governor-
ship Provincial Health Directorate (Prot. No: E-67508481-799).

The survey population was comprised of adults older than 65 
who presented to Bursa Oral and Dental Health Training and 
Research Hospital for general dental treatment. The initial data 
consisted of the medical records of all geriatric patients who 
presented between 01.01.2019 and 01.09.2021. The non-den-
tal records and dental procedures (endodontic, prosthodontic, 
surgical, radiological, periodontal, and orthodontic) that did 
not match within the definition of restorative dental practic-
es according to the Healthcare Implementation Communique 
were excluded. 

Data on the patient’s age, sex, tooth number, cavity type, and 
type of restoration material were reviewed retrospectively. 
Based on the criteria of the World Health Organization, individ-
uals aged 65−74, 75−84 and ≥ 85 years were defined as young-
old, middle-old and old-old, respectively. 

Study flowcharts are demonstrated in Figure 1. 

Figure 1. The study flow chart in line with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
statement (http://www.strobestatement.org).
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Following assessment of eligibility, a total of 2,058 patients with 
6,134 restorations during the pre-pandemic period; 74 patients 
with 214 restorations during the pandemic pre-vaccination pe-
riod; and 653 patients with 2,116 restorations during the pan-
demic vaccination period were analyzed retrospectively. 

Statistical Analyses
Statistical analysis was performed using the IBM SPSS ver. 23.0 
(IBM Corp., Armonk, NY). The results are presented as frequen-
cies and percentages. Binary logistic regression was performed, 
and crude odds ratios (ORs), along with their 95% confidence 
intervals (CIs), are reported. p<0.05 was considered significant.

RESULTS

Table 1 provides information on the patient population and 
restorative treatments according to the patient presentation 
dates. In all three periods, more males (n=1138, 55.3%; n=41, 
55.4%, n=387, 59.3%) than females and more young-olds 
n=1778, 85.8%; n=63, 86.4%; n=565, 86.5%) presented for 
treatment. In this study, young-olds (65-74 year olds) account-
ed for the majority (85.9%) of the patient population.

Anterior teeth were distributed for slightly more than half 
(53%) of all restorations in the pre-pandemic period, whereas 
they accounted for 46.5% and 55.4% of restorations after the 
pandemic in the pre-vaccination and post-vaccination peri-
ods, respectively (Table 1). Besides, a majority of posterior res-
torations were performed on proximal cavities in all periods 
(p<0.001).

In the year before COVID-19 pandemic, 1,474 (31.5%) posteri-
or amalgam restorations were performed. After the pandem-
ic, there were 29 (26.1%) and 216 (23.7%) posterior amalgam 

restorations performed in the pre-vaccination period and 
post-vaccination periods, respectively. The opposite was found 
for composite restorations, where the number increased to 
3,207 (68.5%), 82 (73.9%), and 695 (76.3%) in the pre-pandem-
ic, pre-vaccination, and post-vaccination periods, respectively 
(Figure 2). The difference in the number of amalgam versus 
composite restorations performed in the pre-pandemic period 
versus the other two periods (pre- and post-vaccination) was 
statistically significant (p<0.001).

Considering the number of dental visits of all geriatric patients in 
a year, males (OR: 1.17, 95% CI: 1.03-1.34, p=0.02) and middle-olds 
(OR 0.79, 95% CI: 0.64-0.96, p=0.019) were more likely to use re-
storative dental services than were females and young-olds. 

DISCUSSION

Elderly individuals have an increased risk of caries due to the 
inability to perform oral hygiene and the prolongation of expo-

Figure 2. Trajectory of posterior amalgam and composite 
restorations in the geriatric patient population before and 
during the COVID-19 pandemic.

Table 1. Patient population and dental restorations in the three periods.

Pre-pandemic
n=2,058

COVID-19 Pandemic

p
Pre-vaccination

n=74
Post-vaccination

n=653

Patients 
n (%)

Sex
Male 1,138 (55.3) 41 (55.4) 387 (59.3)

0.390
Female 920 (44.7) 33 (44.6) 266 (40.7)

Age

65−74 1,778 (85.8) 63 (86.4) 565 (86.5)

0.66875−84 269 (13.1) 10 (13.5) 83 (12.7)

≥ 85 11 (0.5) 1 (1.4) 5 (0.8)

Restorative 
dental 
practices
n (%)

n=6,134 n=214 n=2,116

Anterior 3,253 (53.0) 100 (46.7)* 1,173 (55.4) <0.001

Posterior

Occlusal 563 (9.2) 24 (11.2) 183 (8.6)

<0.001Proximal 2,203 (35.9)* 87 (40.7)* 728 (34.4)*

Cervical 115 (1.9) 3 (1.4) 32 (1.5)

* indicates statistical significance.
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sure to cariogenic factors with advancing age, as well as phys-
iological changes caused by aging or general health problems 
(11, 12). The main purpose of restorative dental treatments is 
considered as rehabilitating dental hard tissues affected by car-
ies. After COVID-19 was defined as a pandemic, dental elective 
procedures, except emergency treatments were delayed until 
the vaccination period. The present study investigated restor-
ative dental practices of geriatric patients during the pre-pan-
demic, pre-vaccination, and post-vaccination periods.

During the post-vaccination period of the COVID-19 pandemic, 
there was approximately a 10-fold increase in the number of 
patients who presented for restorative dental treatments com-
pared to the pre-vaccination period. In this study, we detected 
a marked decrease in all types of restorative dental practices 
during the COVID-19 pandemic (pre- and post-vaccination pe-
riods) in accordance with the literature (13-15). 

The number of anterior composite restorations performed pri-
or to the COVID-19 pandemic was higher than that during the 
pandemic (pre- and post-vaccination periods). The number de-
creased to 46.7% during the pre-vaccination period. Consider-
ing that the majority of anterior restorations are performed for 
aesthetic purposes (16), this decline could be explained by the 
restrictions placed on elective procedures during the pandem-
ic (4). Another finding of this study was the observed increase 
of approximately 10% in anterior restorations performed in the 
post-vaccination period. This finding may have resulted from 
patients’ expectations in terms of aesthetics (16). It may also re-
flect dental-related characteristics of the geriatric patient pop-
ulation. These characteristics include a shortened dental arch 
(17) and limited posterior teeth to restore.

The choice of restorative material depends on patients’ expec-
tations in terms of aesthetics and caries risk, in addition to the 
location and severity of caries. According to the findings of this 
study, a composite was preferred as restorative material, both 
before and after the COVID-19 pandemic. Previous research 
concluded that cavity preparation of composites was less inva-
sive than amalgam (18). The decrease in amalgam restorations 
from 31% to 23% during the pandemic may be associated with 
the preference for the use of less-aerosol generating tech-
niques during this period.

The main factor underlying the preference for composite resins 
is the potential risk of mercury in amalgams (19, 20). Other fac-
tors are the preservation of more tooth structure and the aes-
thetic benefits of composite resin materials versus those achiev-
able by amalgam restorations (19,20). Opdam et al. reported that 
the performance of composite restorations for large cavities was 
superior to that of amalgam restorations (21). In our study, prox-
imal restorations were significantly higher when compared to 
occlusal. Consistent with our findings, other studies found that 
geriatric patients tended to present with extensively restored 
tooth structures and often larger restorations (9, 10, 22). 

As found in our study, male patients (OR: 1.17, 95% CI: 1.03-1.34, 
p=0.02) were more likely than female patients were to present 

for restorative dental treatments. This finding supports the re-
sults of an epidemiological study conducted by Gökalp et al. in 
Türkiye, in which the prevalence of restored teeth in males and 
females aged 65−74 years was 17.6 and 12.4, respectively (23). 
In this study, the majority of the patients requiring dental resto-
rations were aged between 65−74 years (Table 1). The age profile 
of our patients is consistent with that of another study conduct-
ed in Türkiye (24). The reason for the higher number of dental vis-
its among middle-old (74−85 year) (OR: 0.79, 95% CI: 0.64-0.96) 
may be associated with increased dental health problems and 
oral health conditions associated with aging (24, 25). 

The results of our analysis of a comprehensive dataset suggest 
that the vaccination resulted in a marked increase in the num-
ber of geriatric patients presenting for dental restorative treat-
ment and in composite restorations. Vaccination seems to hold 
promise as a means to offset the consequences of the current 
devastating pandemic in terms of restorative dental services 
provided to geriatric patients. 
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ABSTRACT

Objective: The aim of this study was to examine the effect of rectal ozone on the histopathological healing of the colonic mucosa, tissue 
oxidative stress, and bacterial translocation in the experimental colitis model. 

Materials and Methods: Three groups of rats were randomly formed [Group 1: Sham group, group 2: Control group, group 3: Ozone 
treatment group]. Microscopic and macroscopic scoring were done histopathologically in all groups. Glutathione-s-transferase (GST), 
superoxide dismutase (SOD), glutathione (GSH), and malondialdehyde (MDA) levels were measured in the colon and liver tissue. Blood 
cultures were taken for the detection of bacterial translocation. 

Results: Microscopic damage scores were found as 0.0 (0.0-2.0) in the sham group, 3.0 (3.0-3.0) in the control group, 2.0 (0.0-2.0) in 
the ozone treatment group (p=0.001). Macroscopic damage scores were found as 0.0 (0.0-1.0) in the sham group, 3.0 (0.0-4.0) in the 
control group, 0.0 (0.0-1.0) in the ozone treatment group; the scores of ozone treatment and sham groups were found to be statistically 
different (p=0.004). Compared to the control group, the bacterial translocation in the liver, mesenteric lymph node, portal vein, spleen, 
and systemic blood was fewer in the ozone treatment group. Statistically significant differences were also observed between the groups’ 
SOD and GST levels in colon tissue and MDA, SOD, and GST levels in liver tissue. Regarding MDA values in the liver tissue of the groups, it 
was 1.95±0.43 in Group I, 3.63±0.81 in Group II, and 1.19±0.72 U/mg in Group III (p=0.017). When the liver tissue SOD levels of the groups 
were examined, it was 8.21±0.76 U/mg in Group I, 4.57±0.58 U/mg in Group II, and 8.62±1.13 U/mg in Group III (p=0.029). When GST values 
in liver tissue belonging to the groups were examined, 0.35±0.16 in Group 1, 0.23±0.03 in Group II, 0.49±0.13 U/mg in Group III (p=0.036). 

Conclusion: Rectal ozone application plays a role in increasing the organism’s antioxidant activity and has an effective role in increasing 
the enzyme activities of antioxidant defenses. In addition, rectal ozone application has a positive effect on wound healing at a 
histopathological level and reduces bacterial translocation in various tissues.
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INTRODUCTION

Ulcerative colitis is a recurrent inflammatory disease seen 
only in the colon part of the digestive system; it is charac-
terized by superficial and continuous ulcers starting from 
the rectum and ascending towards the proximal colon (1). 

In ulcerative colitis, pathological changes such as muco-

sal erosion and ulceration in the colon wall, deterioration 

of the colon gland structure, edema and inflammatory 

cell infiltration occur in the submucosa and mucosa (2,3). 

Although cellular damage has an important place in the 
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pathogenesis of ulcerative colitis, the pathogenesis of the 
event has not been fully explained yet. One of the factors trig-
gering or having etiological potential on ulcerative colitis is ox-
idative stress (4). Oxidative stress causes variations in oxidative 
parameters, including myeloperoxidase (MPO), glutathione 
(GSH) and malondialdehyde (MDA), during the inflammatory 
response (5). Another factor playing a significant role in the 
pathogenesis of ulcerative colitis is intestinal microflora (6). The 
resident microflora is an important building block for the host, 
with some metabolic functions, trophic effects on the intestinal 
epithelium, and the barrier function it provides through bacte-
rial antagonism (7). With the presence of robust microflora, the 
settlement of pathogenic microorganisms is eliminated. This is 
provided by low luminal pH which is provided by microflora 
and the consumption of trace molecules necessary for patho-
genic microorganisms. Thus, invasion of enteroinvasive micro-
organisms into intestinal epithelial cells is prevented. Intestinal 
lesions occur as a result of the inflammatory activity between 
the microflora and the colonic mucosa. Barrier function of the 
mucosa is impaired with local mucosal damage and inflamma-
tion (8), which causes bacterial translocation that occurs due 
to the spread of bacteria (alive or dead) in the intestine and 
the emergence of their toxic products in the liver, mesenteric 
lymph nodes, spleen and systemic circulation (9). Factors such 
as changes in normal intestinal flora, problems with the im-
mune system, and disruption of the mucosal barrier have a sig-
nificant role in the formation of bacterial translocation (10, 11).

Ozone is a molecule containing three atoms and is more un-
stable than oxygen. Therefore, it is more effective than oxygen 
in generating a biological response. With its strong oxidant 
feature, it can react chemically with all oxidizable organic com-
pounds (12). The effect of ozone on metabolism varies depend-
ing on its concentration and dose (13). The dose to be selected 
to obtain a stimulating or suppressive effect varies according 
to the oxidative load and antioxidant capacity of the tissue 
to be treated. In applications below the required dose, no re-
sponse will be obtained, and carbohydrates, enzymes, DNA 
and RNA may be affected by reactions, since the antioxidant 
capacity will be exceeded in the use of high doses. In order to 
apply medical ozone therapy, an ozone-oxygen mixture is ob-
tained from pure oxygen with the help of a generator. The pre-
dominantly used systemic treatment dose range is 20-80 µg/
ml, and the local treatment dose range is 1-20 µg/ml. Although 
there are many ozone application methods, the rectal route is 
among the frequently applied ones.

During rectal administration, ozone reacts with water in the colon-
ic mucosa, secreted antioxidants, mucoproteins and glycocalyx, 
leading to the release of NO from the endothelium and releasing 
stem cells, erythrocytes containing high amounts of antioxidant 
enzymes and 2,3-diphosphoglycerate (2,3-DPG) from bone mar-
row. Rectal ozone also increases the concentration of oxidative 
shock proteins and antioxidant enzymes in cells. However, ozone 
increases oxygen transport and glycolysis capacity in erythro-
cytes, provides immune activation in leukocytes, and causes the 
secretion of growth factors from platelets (14, 15).

The present study planned to investigate the effect of ozone, 
whose antioxidative and anti-inflammatory properties on the 
healing of the colonic mucosa, tissue oxidative stress param-
eters, and bacterial translocation were previously reported by 
the rectal administration in an experimental colitis model cre-
ated with acetic acid.

MATERIALS AND METHODS

Wistar Albino rats [a total of 24 rats weighting 230-250 grams 
were used in the 3 groups (n=8)] were acquired from Cumhuri-
yet University’s Animal Center Laboratory (Sivas, Türkiye), and 
kept in standard conditions: light and dark cycles of 12 hours 
(turning on the lights at 08:00 a.m.), ad libitum food and water 
were given at the 22±2°C. The experiments were carried out, 
between 09:00 a.m.-17:00 p.m. The procedures were handled 
following the National Institute of Health guidelines of “Princi-
ples of animal laboratory care”. Cumhuriyet University Animal 
Ethics Committee approved the experimental protocols (Ap-
proval date and number: 25.04.2019-65202830-050.04.04-282).

3 groups of rats were formed randomly, which are; 

Group I (Sham group) (n=8): Normal rats, nothing has been ad-
ministered on them.

Group II (Control group) (n=8): For colitis formation, after an-
esthesia, a 5 cm thin catheter was entered into the rectum in 
the supine position and 1 mL of 4% acetic acid was adminis-
tered intrarectally. After 30 seconds it was washed with 1.5 mL 
of phosphate buffer. In the group with colitis, 4 days i.v. 0.09% 
saline was applied from the tail vein (Image1).

Group III (Ozone treatment group) (n=8): In the group with 
colitis, an ozone application at a dose of 20 µg/mL was applied 
intrarectally for 7 days in the supine position.

Image 1. Colitis model in rats.
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Surgical Procedure
On the 7th day of colitis induction, midline abdominal shaving 
was carried out in the colitis, sham, and treatment group rats 
under anesthesia with 8 mg/kg xylazine and intraperitoneal 
50 mg/kg ketamine. First site cleaning was performed with an 
antiseptic solution (10% povidone iodine) than midline lapa-
rotomy was performed.

To analyze the blood culture, 4 mL of blood was taken from 
the vena cava, they were then placed in biochemistry tubes of 
2-3 mL. To detect bacterial translocation, 1-2 mL of blood was 
put into Bact Alert aerobic culture bottles, and attention was 
paid to sterility. The lymph nodes in the liver, mesentery, and 
spleen were disintegrated using sterile forceps, homogenized, 
and transferred into the prepared medium. Then, the colon was 
resected from the middle of the transverse colon to the rectum.

Rats were anaesthetized by inhalation of lethal doses of ether. 
Blood samples were placed at -80°C after being centrifuged. 
Colon resection material was opened longitudinally to measure 
Glutathione-s-transferase (GST), superoxide dismutase (SOD), 
GSH, and MDA levels in the colon tissue and to make macroscop-
ic and microscopic evaluation, and the fecal content was cleaned 
with 0.9% saline. The samples required to measure SOD, MDA, 
GSH, and GST levels from liver tissue were stored at -80°C for 
homogenization. The other parts of the tissue were kept in 10% 
formaldehyde for macroscopic and microscopic evaluations.

Histopathological Evaluation
After keeping the tissue samples in 10% formaldehyde for 24 
hours, they were scored macroscopically in the laboratory of the 
Department of Pathology by the only pathologist who did not 
know which group they belonged to (Table 1). The classification 
of the macroscopic changes in the colonic mucosa was made 
in five different ways, according to the description of Campos 
et al. (16). Macroscopic morphology scores are given in Table 1.

For microscopic investigation, samples of 2 mm thickness were 
taken from the column pieces. With the Sakura brand tissue track-
ing device, dehydration, transparency, and tissue hardening were 
performed by passing through alcohol, xylene, and paraffin stag-
es in the tissue monitoring process that lasted for 15 hours. After-
wards, the tissues were turned into blocks by embedding paraffin 
in a Thermo Shandon brand tissue embedding device. After the 
blocks were cooled in the refrigerator, 3-micron thick sections 
were taken in the Leica brand microtome device. The slice slides 
were placed in an oven for 1.5 hours at 65 degrees for deparaf-
finization. The preparations to be stained with hematoxylin-eosin 
were taken out of the oven and kept in xylene for 20 minutes. In 
ethyl alcohol series (100%, 90%, 80%) it was kept for 10 minutes 
and washed in tap water. After washing, it was left in Hematoxylin 
paint (Facepath brand) for 2.5 minutes. After washing it in tap wa-
ter again, it was immersed in acid alcohol solution once and taken 
back into tap water. It was immersed in ammonia water 3 times 
and washed again in tap water. After washing, it was left in the 
eosin solution for 1.5 minutes. The painting process was complet-
ed by dipping 4-5 times in alcohol series (80%, 90%, 100%). The 
preparations whose staining was completed were taken into the 
oven and left for 10 minutes to become transparent in xylene. En-
tellan was dropped onto the preparations extracted from xylene 
and a coverslip was placed on the slide. After the closing process, 
a microscopic examination was started.

The microscopic changes in the mucosa were evaluated ac-
cording to the suggestion of Yamamoto et al. The grades be-
tween 0 and 3 were given to the microscopic changes in the 
colonic mucosa as displayed in Table 2 (17).

Bacterial Translocation Detection
The samples placed into a Bact Alert bottle for blood culture 
were evaluated in the automated culture system. Planted bot-
tles are incubated at 35–37ºC, shaken constantly and mon-

Table 1. Classification of macroscopic findings in colonic mucosa.

Degree Findings

0 Preserved, normal looking mucosa

1 Erythematous areas without edema, congestion, and superficial ulceration

2 Linear superficial ulcerations (7-15 mm), depressed erythematous or darker mucosa appearance, granular ground

3 Ulcerous area (14-45 mm) on uneven ground, normal islets around ulcerated mucosa or edematous mucosa

4 Diffuse irregular and multiple ulcers (>45 mm), thinned bowel wall, granular, irregular base

Table 2. Classification of microscopic findings in colonic mucosa.

Degree Findings

0 Normal epithelium 

1
Single epithelial cell loss, moderate epithelial swelling, single inflammatory cell infiltration in the crypts, mild 
monocyte-neutrophil infiltration

2 Multiple epithelial cell loss, epithelial flattening, crypt formation and moderate monocyte-neutrophil infiltration

3 Marked epithelial ulceration, crypt abscesses, and marked increase in monocyte and neutrophil levels
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itored at 10-minute intervals. The CO2 produced in the liquid 
culture bottles was continuously measured according to the 
colorimetric principle and each cell of the device was moni-
tored by reflectometers. The detection of a positive bottle was 
reported by audiovisual messages. In this system, eosin-methy-
lene-blue agar plates and blood agar were transferred from the 
positive bottles and incubated at 37ºC for 24 hours. Then, tradi-
tional methods were employed to identify the microorganism’s 
growth. Samples lacking a positive signal within 7-day were 
taken as negative. Tissue samples placed in the brain-heart 
infusion medium in sterile glass bottles were incubated for 
24-48 hours at 37ºC. Then passages were made on eosin-meth-
ylene-blue agar and blood agar from the liquid medium and 
incubated at 37ºC for 24 hours. Reproducing microorganisms 
were identified by traditional microbiological methods.

The Collection and Preparation of the Samples for the Analysis 
After the sacrification of the experimental animals, liver and 
intestine tissues were collected. Liver and intestinal tissues ex-
tracted from rats were first weighed. Tissues were washed with 
cold phosphate buffered solution before and during homoge-
nization. They were then centrifuged with external phosphate 
buffer (pH: 7.4) in ice water at +4°C at 40,000xg for 60 minutes 
and homogenization was carried out. Supernatants were trans-
ferred to eppendorf tubes for MDA, GST, GSH, and protein 
determination. Supernatants from liver and intestinal tissue 
samples were put into a chloroform/ethanol mixture of equal 
volume (3/5 v/v), then vortexed and centrifuged at 6000xg for 
10 minutes at +4°C and the upper phase was left to determine. 
Thus, the extraction for determining SOD activities was com-
pleted and the upper phase was used for analysis. All unused 
samples were kept at -80°C till the analysis.

Biochemical Analysis 
MDA analysis in tissue samples were performed as implied by 
Yoshioka et al. (18). GST and GSH liver tissue protein analysis in 
cytoplasmic fraction were carried out spectrophotometrically 
according to the method suggested by Warholm et al. (19). In 
the study, SOD activity was determined spectrophotometrical-
ly as proposed by Sun et al. (20).

Statistical Analyses
The Statistical Package for Social Sciences, ver. 17.0 was used in 
statistical analysis of the data (SPSS, Inc., Chicago, IL, USA). The 
Mann Whitney U-test was used as a post-hoc test and the Krus-
kal Wallis test was employed for analysis of macroscopic scores, 
microscopic scores, and biochemical parameters between 
groups. Data are given as mean±standard deviation (SD). Sta-
tistical significance was taken at p<0.05 level.

RESULTS

The Results of Histopathological Evaluation 
In the current study, the scores of macroscopic damages in colon 
tissue were reported as mean±SD. They were found as 0.13±0.35 
in the sham group, 2.88±1.25 in the control group, 1.0±0.53 in 
the ozone treatment group; the scores of ozone treatment and 
sham groups were found to be statistically different (p=0.004). 
The inflammation that occurred significantly in the control group 
was significantly decreased in the treatment group (p=0.004).

In our study, the microscopic damage score values in the colon 
tissue were statistically expressed as the mean±SD value. It was 
found as 0.38±0.74 in the sham group, 3.0±0.0 in the control 
group, 1.75±0.71 in the ozone treatment group, and it was de-
termined that the values in the groups were statistically differ-

Image 2a. Sham group; normal colonic mucosa.
Image 2b. Control group; prominent epithelial ulceration 
(HEX200).

Image 2c -2d. Ozone therapy group; linear superficial ulcerations, loss of single epithelial cells, moderate epithelial swelling (HEX100).
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ent from each other (p=0.001). The histopathological images 
belonging to the groups are shown in Images 2a, 2b, 2c and 2d.

The Results of Bacterial Translocation 
No bacterial growth was detected in the sham group. The 
bacterial translocation frequency was observed to increase 
significantly in the liver, mesenteric lymph node, spleen, and 
portal vein blood of the group with acetic acid in which the 

colitis was formed. The bacterial translocation in the liver, 

spleen, mesenteric lymph node, systemic blood, and portal 

vein were observed to decrease in the ozone-treated group 

compared to control group. The bacterial translocation 

incidences observed in each group are displayed in Table 3. 

The translocated bacteria were determined as Escherichia coli, 

Enterococcus spp, Proteus spp, and Klebsiella pneumoniae.

Table 3. Bacterial translocation by groups.

Tissues Sham Group Control Group Ozone-treated Group

MLN 0 4 2

Spleen 0 4 2

Liver 0 3 1

Portal Blood 0 4 2

Systemic Blood 0 3 1

Table 4. Biochemical findings.

Min-Max Mean±SD p

Colon tissue MDA

Group 1 3.36-9.72 5.91±2.39

0.823
Group 2 2.39-9.21 6.53±3.64

Group 3 3.07-7.73 5.54±1.71

Liver tissue
MDA

Group 1 1.60-2.54 1.95±0.43

0.017*
Group 2 2.73-4.55 3.63±0.81

Group 3 0.28-1.85 1.19±0.72

Colon tissue SOD

Group 1 1.50-8.75 5.19±2.63

0.046*
Group 2 2.72-4.10 3.20±0.63

Group 3 6.41-9.02 7.34±1.46

Liver tissue
SOD

Group 1 7.38-8.88 8.21±0.76

0.029*
Group 2 3.75-5.02 4.57±0.58

Group 3 7.18-9.56 8.62±1.13

Colon tissue GSH

Group 1 362.07-545.73 453.11±84.64

0.779
Group 2 344.55-525.76 430.61±89.89

Group 3 381.28-643.58 474.77±115.89

Liver tissue
GSH

Group 1 362.07-553.71 454.77±89.37

0.334
Group 2 316.34-488.28 405.63±87.54

Group 3 403.36-634.62 500.47±99.13

Colon tissue GST

Group 1 0.34-0.88 0.53±0.23

0.049*
Group 2 0.19-0.29 0.22±0.06

Group 3 0.31-0.81 0.61±0.27

Liver tissue
GST

Group 1 0.19-0.54 0.35±0.16

0.036*
Group 2 0.20-0.26 0.23±0.03

Group 3 0.31-0.67 0.49±0.13

* indicates p<0.05, values shown as U/mg
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Two ratio tests, which tested the number of positive tests, were 
used to compare bacterial translocation in all animals (8 rat-
groups; p<0.05).

When the SOD levels in the colon tissue of the groups were ex-
amined, it was 5.19±2.63 U/mg in group I, 3.20±0.63 U/mg in 
group II, and 7.34±1.46 U/mg in group III. A statistically signif-
icant difference was observed between the colon tissue SOD 
levels of the groups (p=0.046). When the liver tissue SOD levels 
of the groups were examined, it was 8.21±0.76 U/mg in group 
I, 4.57±0.58 U/mg in group II, and 8.62±1.13 U/mg in group III. 
A statistically significant difference was also observed between 
the SOD levels in the liver tissue of the groups (p=0.029; Table 
4). Colon and liver tissues SOD levels belonging to the groups 
were shown in Figure 1.

When the values of the MDA belonging to the colon tissue 
of the groups were examined, it was 5.91±2.39 in group I, 
6.53±3.64 in group II, and 5.54±1.71 U/mg in group III. The dif-
ference between MDA values in the colon tissues was statisti-
cally insignificant (p=0.823). Regarding MDA values in the liver 
tissue of the groups, it was 1.95±0.43 in group I, 3.63±0.81 in 
group II, and 1.19±0.72 U/mg in group III. A statistically signifi-
cant difference was observed between MDA levels in the liver 
tissue of the groups (p=0.017). Colon and liver tissues MDA val-
ues belonging to the groups were shown in Figure 2.

When the GSH values in the colon tissue of the groups were 
examined, it was 453.11±84.64 in group I, 430.61±89.89 in 
group II, and 474.77±115.89 U/mg in group III. The difference 

between GSH values in colon tissue of the groups was insignif-
icant (p=0.779). Regarding GSH values in the liver tissue of the 
groups, it was 454.77±89.37 in group I, 405.63±87.54 in group 
II, and 500.47±99.13 U/mg in group III. The considerable differ-
ences between GSH values in the liver tissue of the groups was 
insignificant (p=0.334). Colon and liver tissue GSH values be-
longing to the groups are shown in Figure 3.

When the GST values in the colon tissue of the groups were 
examined, it was 0.53±0.23 in group I, 0.22±0.06 in group II, 
and 0.61±0.27 U/mg in group III. A statistically significant dif-
ference was observed between GSH values (p=0.049). When 
GST values in the liver tissue belonging to the groups are exam-
ined, 0.35±0.16 in group 1, 0.23±0.03 in group II, 0.49±0.13 U/
mg in group III. A statistically considerable difference was ob-
served between the GST values in the liver tissue of the groups 
(p=0.036). GST values in colon and liver tissue belonging to the 
groups are shown in Figure 4.

DISCUSSION

According to the results of our study, rectal ozone application 
caused a significant improvement in the colonic mucosa of rats 
with ulcerative colitis. The decrease in MDA levels in tissues and 
enzyme changes related to other oxidative reactions indicate 
that ozone therapy protects the colonic mucosa from oxidative 
stress. In addition to oxidative stress-related enzyme changes, a 
significant improvement was observed in the colonic mucosa of 
the control group with ozone treatment in the histopathological 
classification of microscopic and macroscopic tissue samples. 

Figure 2. MDA values in colon and liver tissue.

Figure 3. GSH values in colon and liver tissue.

Figure 4. GST values in colon and liver tissue.

Figure 1. SOD values in colon and liver tissue.
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Lipid peroxidation occurs due to the free oxygen radicals is 
one of the most significant factors that causes oxidative dam-
age in the cell membrane containing unsaturated fatty acids. 
The decrease in MDA in the tissue indicates that ozone therapy 
protects the colon tissue from oxidative stress. In the studies 
of Delgado-Roche et al. (21) when the effect of rectal ozone 
therapy on cellular redox was examined in multiple sclerosis 
patients, 20 μg/mL ozone was administered by rectal insuf-
flation three times a week for one month. Immunoenzymatic 
and spectrophotometric tests were used to address the effect 
of ozone therapy on the biomarkers of inflammation and oxi-
dative stress. Medical ozone was observed to improve the ac-
tivity of antioxidant enzymes significantly and to increase the 
cellular reduced glutathione level. Accordingly, a significant 
decrease was observed in oxidative damage on lipids and pro-
teins in the patients treated with rectal ozone. 

In an animal study of Aslaner et al., medical ozone treatment 
was studied in the acute distal colitis; they have found its pos-
sible effect is by means of decreasing inflammation, edema, 
and affecting the proliferation and the vascularization to treat 
acute distal colitis (22). We think that the underlying mechanism 
of medical ozone treatment’s anti-inflammatory effect can be 
a decrease in oxidative stress. In our study, GST, SOD, and GSH 
levels from colon and liver tissue increased in the rectal ozone 
group when compared to the control group. Regarding the 
ozone treatment group, the decrease in the MDA level from 
colon and liver tissue showed that ozone therapy plays an ac-
tive role in protecting against oxidative stress. Eliakim et al. (23) 
studied the effect of an ozonated water enema on inflamed and 
normal mouse colon mucosa. The ozonated water (20 µg/mL) 
was prepared with an ozone generator and given intrarectally 
every day (0.5 mL). The rats were sacrificed on 1, 3 and 7 days 
after the administration of the rectal ozonated water, and their 
colons were resected. Damage was evaluated macroscopically 
and microscopically. Tissue myeloperoxidase and nitric oxide 
synthase activity was examined, and they found that ozone 
therapy did not cause macroscopic damage, but induced micro-
scopic colitis accompanied by an increase in nitric oxide activi-
ty and myeloperoxidase as well as prostaglandin E2 formation. 
The groups in our study were evaluated histopathologically 
and while significant epithelial ulcerations were observed in 
the control group, linear superficial ulcerations, single epithelial 
cell loss and moderate epithelial swelling were observed in the 
ozone treatment group. Macroscopic and microscopic damage 
scoring results were also found to be better in the ozone treat-
ment group. The study of Guanche et al. (24 ) was planned with 
a random distribution in four groups of 5 animals in each group. 
Group 1 was marked as the control group and received only ox-
ygen; the remaining three groups (group 2, 3 and 4) were treat-
ed with a mixture of ozone/oxygen (O3/O2) by rectal insufflation 
with 600, 1400 and 2600 μg dosages in the volumes of 30, 40 
and 50 mL, respectively. The study showed that O3 increased 
pro-oxidant biomarkers and caused a high activation of the ma-
jor enzymes of the antioxidant system. In the study, the increase 
of the antioxidant activity which went up 42 units, caused by 

the activity of superoxide dismutase, catalase, and glutathione 
peroxidase enzymes, was significant. The animal studies of León 
et al., in which carbon tetrachloride (CCl4) was used as an oxida-
tive threat, demonstrated that an adaptation to oxidative stress 
can be induced by repeated ozone administration at non-toxic 
doses, which allows animals to preserve hepatocellular integrity 
after CCl4 poisoning (25).

The lack of antibiotic application was a limitation of the study. 
In conclusion, rectal ozone therapy in the experimental colitis 
model reduced colon and liver MDA levels significantly com-
pared to the control group; it also improved the histopatholog-
ical changes in the tissue, microscopic and macroscopic dam-
age scoring results. In addition, the effect of ozone therapy is 
concluded to be associated with an increase in SOD, GSH, and 
GST levels in colon and liver tissue.

CONCLUSION

The findings of this study showed that, rectal ozone application 
plays a role in increasing the antioxidant activity of the organ-
ism and the enzyme activities of antioxidant defense systems. 
Moreover, rectal ozone applications have a positive effect on 
healing wounds at histopathological level and reduces bacteri-
al translocation in various tissues.
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ABSTRACT

Objective: Polyethylene terephthalate (PET) and polycarbonate (PC) bottles have been used widely in the last years for the consumption 
of water and the increased use of these chemicals has raised many concerns regarding their adverse effects on health. Phthalates and 
bisphenol A (BPA) are the main endocrine disrupting chemicals (EDCs) that can migrate from these plastics into potable water.

Materials and Methods: The concentrations of phthalate and BPA were measured in water samples that were stored in PET and PC bottles 
at different storage conditions. The method of ELISA was used for the determination of phthalate and BPA levels. A standard curve is 
obtained from the standards prepared at known concentrations of phthalate, BPA, according to their absorbance at 450 nm. The BPA levels 
of the samples were obtained through the calculation of the absorbance values acquired using the standard curve.

Results: Different storage and heating processes applied on the samples significantly increased the levels of BPA and phthalate. One 
year of storage led to a statistically significant increase in phthalate levels when compared to the control group. Both BPA and phthalate 
levels detected in the water samples were higher than the control group depending on the storage conditions including exposure to high 
temperatures, sunlight and outdoor conditions. 

Conclusion: Our results indicate the necessity to establish the environmental conditions that must be ensured during the production, 
transportation and storage processes of the bottles, on a legal basis with legal regulations.
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INTRODUCTION

The endocrine system and the nervous system are the two 
major modulatory systems in physiology of the mammali-
ans. The functions of cells, tissues and organs in the body 
are regulated by the interaction of various biological mes-
senger systems called endocrine system. The endocrine 

system plays a major role in modulating functions such as 
metabolism, reproduction, development, electrolyte and 
water balance, and behavior (1).

Most of the man-made chemicals used in industry and 
agriculture are found in the environment as pollutants. 
These include pesticides, plasticizers, antimicrobial agents 
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and rust inhibitors. People are in contact with these chemicals, 
which are found in the air, water, food, and some personal care 
products. These chemicals, which are ubiquitous in the envi-
ronment, act in the body by mimicking our body’s complex 
and delicately regulated hormonal communication system or 
by antagonizing the effects of endogenous hormones. These 
chemicals are called endocrine disrupting chemicals (EDC) as 
a group (2).

Plastics are widely used for food packaging. However, the 
monomers in the structure of the packaging and various ad-
ditives used in production can migrate into foods. One of the 
packaged consumer products is water. Polyethylene tere-
phthalate (PET) and polycarbonate (PC) bottles are widely used 
in the packaging of potable water. The plasticizer di-(2-ethyl-
hexyl) phthalate (DEHP) is among the chemicals that can mi-
grate from PET bottles to water (3, 4). The building block of PC 
plastic is bisphenol A (BPA). These compounds have the poten-
tial for serious health problems due to their behavior to mimic 
hormonal activity. The use of DEHP and BPA in children’s prod-
ucts under the age of three was banned in Sweden in 2000 and 
in the USA in 2009 (5). The European Union and the USA have 
imposed restrictions on the use of DEHP and BPA (5, 6). 

Nutrition, inhalation, intravenous injection, and skin absorp-
tion are potential routes of EDC exposure. The most likely route 
of exposure to DEHP is through food. DEHP can migrate from 
plastics to food during manufacture and storage (7). The DEHP 
exposure of the population in the USA is thought to be 3–30 
µg/kg/day. Since a significant part of this is through nutrition, 
there is a concern that continuous exposure may exceed the 
acceptable level, and precautions are being taken to prevent 
this (8).

BPA, a synthetic estrogen, is one of the highest-produced 
chemicals worldwide. In the United States alone, BPA has a 
production volume of 800,000 tons per year, and the five com-
panies that produce it generate revenues of US$6 billion per 
year (9).

BPA is an EDC and can affect different endocrine pathways. In 
animal experiments, BPA was shown to mimic the role of es-
trogen and can inhibit sex differentiation. It may affect repro-
duction and behavior in some rodents even at doses below the 
safe exposure limit for humans set at 50μg/kg body weight per 
day as prescribed by the EPA in 1988 (10, 11).

The amount of EDCs leaking from bottles to drinking water var-
ies according to the environmental conditions they are located 
in. This reveals the importance of storage conditions. In our 
study, which we started by considering the health risks of PET 
and PC bottles stored in adverse conditions, we exposed PET 
and PC bottle samples of different brands to natural climatic 
conditions, high temperatures and different levels of micro-
wave applications for various periods of time, and investigat-
ed the effects of these processes to the migration of BPA and 
DEHP from PC and PET bottles to drinking water.

MATERIALS AND METHODS

A total of 85 bottled water samples were used in the study. For 
the determination of BPA migration, the PC group consisted of 
8 groups (7 experimental and 1 control group) each including 
5 PC bottles, and a total of 40 bottles. For the determination of 
DEHP migration, the PET group consisted of 9 groups (8 exper-
imental and 1 control group) each including 5 PET bottles, and 
a total of 45 bottles. The PC groups are given in Table 1. The PET 
groups and the processes applied are given in Table 2.

BPA Measurement
BPA analysis was performed by BPA recognition through spe-
cific monoclonal antibodies using the Ecologiena Supersen-
sitive BPA ELISA kit. Samples containing BPA and a mixture of 
BPA-enzyme conjugate (Coloring enzyme labeled BPA) were 
added to each well of the microplate, and compete for the 
binding sites of specific antibodies fixed to the surface of the 
wells. Unbound BPA and excess BPA-enzyme conjugates were 
washed away. The presence of BPA was evaluated through the 
addition of a chromogenic substrate. Then the enzyme-labeled 
BPA, which binds to the BPA antibody, catalyzed substrate con-

Table 1. PC groups and the processes applied.

Groups (n=5) Processes applied

PC Control PC bottles of different brands supplied on the day of the experiment

PC1 Group PC bottles of brand A kept outdoor for 1 year

PC2 Group PC bottles of brand B kept outdoor for 1 year

PC3 Group PC bottles of brand A kept outdoor for 2 years

PC4 Group 100⁰C boiling water poured into plastic containers and cooled

PC5 Group Water heated in microwave in low-power for 10 min in plastic containers

PC6 Group Water heated in microwave in medium-power for 10 min in plastic containers

PC7 Group Water heated in microwave in high-power for 10 min in plastic containers
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version to colored product. After the incubation, the reaction 
was inhibited by adding diluted acid. The intensity of the col-
or formed, hence the measured absorbance, varied inversely 
with the amount of BPA in the samples. A standard curve was 
obtained according to the absorbance at 450 nm from BPA 
standards with known concentrations. The BPA concentration 
in each sample was calculated using the absorbance values ob-
tained from the standard curve.

Phthalate Measurement
The test is a direct competitive ELISA based on phthalates 
recognition by specific antibodies by using the Abraxis 
Phthalates ELISA kit. Phthalate-containing samples and a 
phthalate-enzyme conjugate were added to the wells of the 
microplate. The phthalates and phthalate-enzyme conjugate 
present in the samples competed for the binding sites of the 
anti-phthalate antibodies in solution. The phthalate antibod-
ies were then bound by a second antibody (goat anti-rabbit), 
which was fixed to the surface of the wells. After the wash-
ing step and substrate solution addition, a color developed. 
The color reaction was stopped after 20 minutes through ad-
dition of a diluted acid. The intensity of the blue color was 
inversely proportional to the phthalate concentration in the 
sample. The standard curve was obtained according to the 
absorbance at 450 nm from phthalate standards with known 
concentrations. The phthalate concentration in each sample 
was calculated using the absorbance values obtained from 
the standard curve.

Statistical Analyses
For all statistical analysis, GraphPad Prism 5.0 (GraphPad Soft- 
ware, San Diego, USA) was used. All data were expressed as 
mean±standard deviation (SD). Analysis of variance ANOVA 
test was used for comparison of multiple groups; Tukey test 
was used for binary comparisons between groups. A value of 
p<0.05 was considered significant.

RESULTS

Results of BPA Analysis of Water Samples Stored in PC 
Bottles
One way ANOVA test showed that the difference between the 
means was significant (p<0.0001). When the control group and 
the experimental groups were compared, the mean values of 
PC1, PC2 and PC5 were found to be 9.35%, 9.43%, and 5.86% 
lower than the mean of the control group. However, the most 
dramatic increase was found in the PC3 group. In addition, the 
mean values of PC4, PC6 and PC7 were found to be 15.69%, 
7.13%, and 54.99% higher than the mean of the control group 
(Figure 1).

Results of Phthalate Analysis of Water Samples Stored in 
PET Bottles
One-way ANOVA test showed that the difference between the 
means of phthalate levels were significant (p<0.0001). When 
the control and experimental groups were compared, it was 
observed that the phthalate ratio increased in all experimen-

Table 2. PET groups and the processes applied.

Groups (n=5) Processes applied

PET Control PET bottles of different brands supplied on the day of the experiment

PET1 Group 100⁰C boiling water poured into PET bottles of brand A and cooled

PET2 Group PET bottles of brand A kept outdoor for 1 month in July

PET3 Group PET bottles of brand A kept in car for 1 month in July

PET4 Group PET bottles of brand A kept outdoor for 1 year

PET5 Group PET bottles of mineral water brand B kept outdoor for 1 year

PET6 Group PET carboys of brand A kept outdoor for 1 year

PET7 Group PET carboys of brand B kept outdoor for 1 year

PET8 Group PET carboys of brand C kept outdoor for 1 year

Figure 1. Average BPA levels of the groups. *p<0.001; 
**p<0.0001, Significantly different when compared with the 
control group.
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tal groups as 31.39 %, 37.14 %, 181.18%, 187.00% and 163.94% 
in the PET1, PET3, PET4, PET6, and PET7 groups, respectively. 
It was observed that the mean phthalate levels of PET8 was 
208.07% higher than the mean of the control group. It was 
determined that the mean phthalate levels of the PET5 group 
represented the highest increase as 381.77% when compared 
with the control group. The sample with the least increase was 
the PET2 sample with an increase of 1.37% (Figure 2).

DISCUSSION

With the developing technology, the contents of plastic con-
tainers are developed by adding various chemicals to improve 
elasticity, durability and transparency. These plastics contain 
various chemicals, and are relatively cheaper and less break-
able than glass. Especially in the last 10 years, some toxic prop-
erties of these chemicals have been discovered, and with the 
development of determination methods, it has been reported 
that some of the final product plastics are not toxic, but some 
monomers used may show toxic properties. The bonds of these 
monomers may weaken and break due to light, heat, storage 
time and the contents of the stored liquids, and the monomers 
separated from the plastic may migrate into the container and 
pose health risks (12).

Migration from plastic materials that come into contact with 
water and food poses a danger and risk to public health, pri-
marily in chronic exposures. The chemicals contained in these 
plastics should not migrate into water and food and should not 
contain toxic substances. However, it has been shown in the 
literature that the chemicals in plastic materials can migrate to 
water and food depending on storage conditions (3, 4, 7).

Today, especially in big cities, bottled water consumption is pre-
ferred more than tap water consumption, considering it is safer, 
pure and of high quality, despite its high price. The preferred 
water for drinking purposes at homes and workplaces is PET car-
boys and PET water. This intense demand also focused attention 
on the effects of phthalates on health. According to the drinking 
water directives of the World Health Organization (WHO) and 

the Food and Drug Administration (FDA), the amount of phthal-
ates in bottled water should not exceed 8 μg/L (13, 14).

In our study, when the total phthalate levels of the control 
group and the PET4 group (water in a 5L PET bottle kept out-
side for 1 year) were compared, a statistically significant differ-
ence was found between them. Interestingly, we also detected 
phthalates in newly bottled PET bottled water, which we ac-
cepted as control. It has been suggested that the reason for this 
is due to contamination during bottling and water treatment 
(15) and natural water source including EDC (16). In addition, 
the EDC values detected in the water samples were found to 
be higher than the control differed depending on the storage 
conditions (exposure to high temperatures, sunlight, outdoor 
conditions, etc.).

Evandri et al. (17) investigated the toxic effects of EDCs trans-
ferred from PET bottles to water in different storage conditions 
and at different times with the Allium cepa test. They stated that 
exposure to high temperatures and sunlight can cause chro-
mosomal changes due to the migration of toxic chemicals that 
pass from PET bottles to water. Linssen et al. (18) stated that 
acetaldehyde, which is produced during the condensation and 
melting of PET plastic bottles at high temperatures, is a volatile 
and heat degradation product, and showed that this EDC mi-
grates from PET bottles to mineral waters.

In our study, when the phthalate levels of the control group were 
compared with the phthalate levels of the PET3 group (water in 
a PET bottle kept in the car in July), no statistically significant dif-
ference was found. We associate this insignificance with the fact 
that PET bottles were kept in the trunk of the car, not in direct 
sunlight, and the storage period was relatively short. No statisti-
cally significant difference was observed between the phthalate 
levels of the control group and the PET2 group (water in a PET 
bottle kept outside in July). However, the phthalate contents of 
the PET3 group were found to be higher than the PET2 group.

Boiling water at 100°C was poured into a PET bottle and stored to 
cool to investigate whether phthalates could be migrated from 
the PET bottle to the water. It was observed that boiling water 
caused increased phthalate levels in the PET bottle, although 
statistically not significant. In our study, when the amounts 
of phthalates in the water in carboys of different brands were 
compared with the control group, a high statistically signifi-
cant difference was found between each group and the control 
group. We encountered high phthalate levels due to tempera-
ture increase, long-term exposure to ultraviolet rays and the 
length of the storage period in water stored in PET carboys for 
1 year outdoors. However, we observed that this increase was 
below the levels determined as toxic by the EPA and the WHO. 
Our findings revealed the necessity of paying attention to the 
storage conditions of PET bottles, especially during distribution 
and use. During our research, we determined that phthalates 
were migrated from PET bottles to mineral waters after 1 year. 
According to the data obtained, when the mineral waters in the 
PET bottles were compared with the control group, a statisti-

Figure 2. Average DEHP levels of the groups. **p<0.0001, 
Significantly different when compared with the control 
group.
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cally significant difference was found between the two groups. 
Biscardi et al. (19) investigated DEHP concentrations in mineral 
waters in PET bottles stored at room temperature for 9 months, 
and they did not find phthalates in their samples in the first 8 
months. DEHP was detected in the ninth month.

Guart et al. (20) found DEP levels to be 20.5 μg/L, and their re-
sults are close to the values measured at the end of the 1-year 
storage period in our study. However, researchers reported 
that they could not detect DBP and DMP (20). Zaki and Shoe-
ib found the average DEHP concentrations as 0.274 and 0.396 
μg/L, respectively, in their measurements after 2 months and 
6 months of storage at an average room temperature of 25 
degrees, and stated that the increases were 2.6 and 4 times, 
respectively, compared to the control group. In this study, the 
amount of phthalate showed a statistically significant increase 
compared to the control group depending on time (21).

The WHO and the EPA have determined the maximum con-
taminant level for phthalates in drinking water to be 6-8 μg/L 
(22, 23). In our study, the control group, PET1, PET2 and PET3 
groups were within these limits. However, we observed that 
phthalate levels rise above this range as the storage conditions 
deteriorate, that is, the waters are kept outside for a long time 
such as 1 year and are exposed to seasonal temperature chang-
es. The data we obtained overlap with the results of other re-
searchers (16, 24, 25).

Polycarbonates are formed when the BPA monomer reacts 
with carbonyl chloride in the presence of sodium hydroxide 
to form the carbonate bond in the polymer. As a result of the 
incomplete reactions in the polymer, the unreacted BPA mono-
mers remain in the PC plastic. These monomers migrate to their 
environment under the influence of heat, light, friction, pH and 
some minerals. According to the European Community (EC) di-
rectives, the specific migration limit of BPA is 3 mg/kg (18, 26).

Maragou et al. (27) investigated whether BPA migrated to the 
water by putting boiled water in baby bottles made of PC plas-
tic, and showed that the values obtained were in the range 
of 2.4 to 14.3 μg/kg. Guart et al. (28) reported that BPA levels 
were between 1.60 and 4.44 μg/L, and the mean concentration 
was 2.64 μg/L in water samples stored in PC plastic contain-
ers. Nerín et al. (29) detected 30 μg/g BPA in their samples in 
PC plastic storage containers with the HPLC technique. They 
reported that 6.5 μg/g of this amount migrated to water and 
nutrients as a result of heating in a microwave oven.

In our experiments, BPA migration was observed, albeit slight-
ly, into water samples exposed to low and medium microwave 
levels in PC plastic storage containers, although not statistically 
significant. However, statistically significant BPA migration was 
detected from PC plastic storage containers into the water at 
high level microwaves. But, this level is well below the toxic lev-
el specified by the WHO.

In our study, we investigated the effects of different storage and 
usage conditions on the chemical migration from PET and PC 

bottles and storage containers to water, which are frequently 
used by the public. While designing and performing our study, 
we tried to consider the habits of the producer and consumer 
of using plastic containers. As a result of our study, the highest 
BPA level found in the analysis of water samples in PC bottles 
was 6.28 μg/L. When we evaluate our study according to the 
report of European Food Safety Authority (EFSA), the level of 
BPA that people living in our country are exposed to in terms 
of drinking water is at an acceptable level. In our water samples 
analysis in PET bottles, the highest phthalate level was found 
to be 17.55 μg/L in drinking water and 27.44 μg/L in mineral 
waters. We found that most of the data we obtained confirms 
and supports previous studies showing the migration of BPA 
from PC plastics and phthalates from PET plastics. The results 
are well below the toxic limits for both endocrine disruptors. 
On the other hand, food packaging, medical supplies, kitchen 
utensils, toys, cosmetic products, detergents, in short, tools and 
consumer products found in all areas of our daily life also con-
tribute to BPA and phthalates exposure. Considering all these 
potential sources of EDC, the amount of daily EDC taken into 
the body increases. When our study is evaluated in this direc-
tion, it has been concluded that the levels of EDC that can be 
exposed from drinking water should be kept as low as possible. 
For this purpose, it is necessary to establish the environmental 
conditions that must be ensured during the production, trans-
portation and storage processes of the bottles, and legal regu-
lations should be applied.
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ABSTRACT

Objective: Although numerous studies demonstrate the link between vitamin D and its anti-inflammatory effects, the correlations could 
not be fully explained. Platelet-lymphocyte ratio (PLR) and neutrophil-lymphocyte ratio (NLR) are investigated as biomarkers for diagnosis 
and follow-up in various obstetrics and gynecological studies. We aimed to evaluate the correlation between the anti-inflammatory effect 
of vitamin D and inflammatory parameters NLR and PLR in women with polycystic ovary syndrome (PCOS) and endometriosis.

Materials and Methods: Serum 25-hydroxy vitamin D (25(OH)D) levels, complete blood count (CBC) parameters, NLR, PLR, Vitamin B12, 
and thyroid stimulating hormone (TSH) levels of 140 patients who applied to the Department of Obstetrics and Gynecology between 
2010-2019 were evaluated. In our study, the levels of 25(OH)D, TSH, vitamin B12 and CBC measurements were analyzed simultaneously. 
SPSS 22.0 Windows version software was utilized in the data analysis, and p<0.05 was accepted as statistical significance level.

Results: There were significant differences in NLR (p=0.026) and lymphocytes count between PCOS and endometriosis groups (p=0.010). 
When we examined PCOS and endometriosis patients as a patient group; according to 25(OH)D vitamin levels, we found that NLR was 
significantly higher in the group with 25(OH)D vitamin levels below 20 ng/ml (p=0.017), vit B12 levels were significantly lower (p=0.034). 
Bivariate correlation analysis showed that vitamin D was negatively correlated with NLR (r=-0.196, p=0.050) in the patients with PCOS but 
not with endometriosis.

Conclusion: This retrospective study assessed the association between vitamin D levels and the new inflammation biomarkers in patients 
with PCOS and endometriosis. The CBC and neutrophil/lymphocyte ratios are accessible and easily measurable biomarkers, therefore, 
evaluating the anti-inflammatory effect of vitamin D together with NLR is valuable for both PCOS and endometriosis.
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INTRODUCTION

Vitamin D has a crucial role in maintaining the calcium and 
mineralization balance of the skeletal system and has an-
ti-inflammatory and antimicrobial properties in reducing 
the production of  T helper 1 (Th1) cells and in the forma-
tion of inflammatory interleukins (1, 2).

It has a strong anti-inflammatory impact on account of di-
rectly restricting the production of interleukin-2 and gam-

ma interferon (IFN-y). Even though it is accepted that vita-
min D is potent for the immune system, especially through 
the T-helper pathway, the principal mechanisms have not 
been explained until now. Considering the significance of 
inflammation, especially in the prognosis of the disease, 
vitamin D deficiency is thought to be responsible for this 
inflammation (3).

Vitamin D deficiency may affect disrupt placentation, de-
crease placental blood flow, and increase the inflammatory 
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response (4). Vitamin D is also essential for the ovary and testis 
function in both females and males, respectively (5).

Polycystic ovary syndrome (PCOS) is one of the endocrine 
disorders characterized by chronic ovulation and androgen 
elevation widespread at approximately 5-10% of the wom-
en’s period of reproductive age. Many studies have high-
lighted that chronic inflammation in the uterus with PCOS 
may lead to pregnancy complications (6). Studies have 
shown elevated inflammatory ingredients such as ferritin, 
C-reactive protein, interleukin (IL)-6), IL-8, tumor necrosis 
factors (TNFs) (7) and leukocyte levels in women with PCOS 
(8). 

Studies have suggested that androgen elevation in women 
with PCOS may be responsible for the increase in leukocyte 
count and the development of inflammation (9).

Endometriosis is a multifactorial estrogen-dependent chronic 
inflammatory disease that affects women of reproductive age, 
especially between the ages of 25 and 35, with a prevalence 
of 5-10% (10). The immune system as well as the genetic and 
environmental factors have an effective role in the etiology of 
endometriosis (11). The study indicated that endometriosis ele-
vated inflammatory cytokines, neutrophils, macrophages, and 
TNFs in the peritoneal fluid (12). 

Regarded as inflammation markers, neutrophil-lymphocyte 
ratio (NLR) and platelet-lymphocyte ratio (PLR) are also the 
potential biomarkers for follow-up in the gynecology and peri-
natology disorders as in the other chronic diseases and cancer 
(13,14). Increased leukocyte counts have been found to be a 
marker and prognostic factor in the development of inflamma-
tion and atherosclerosis (15).

Easily measurable and easily accessible biomarkers that can 
reflect the severity of systemic inflammation in obstetrics and 
gynecology patients in whom inflammation is important in 
the etiology will greatly relieve the clinician and the patient. 
Therefore, whole blood cell counts can reflect the immune 
system response and the inflammation in endometriosis and 
PCOS.

The aim of our study was to evaluate the correlation between 
the anti-inflammatory effect of vitamin D and the inflammato-
ry parameters NLR and PLR in women with PCOS and endome-
triosis.

MATERIALS AND METHODS

Research Plan, Data Collection, and Methods
Our study retrospectively analyzed 140 females, 39 diagnosed 
with endometriosis and 101 diagnosed with PCOS between 
2010 and 2019 applied to the Department of Obstetrics and 
Gynecology. Gaziantep University Faculty of Medicine Eth-
ics Committee approved our research with the order dated 
23.09.2020 (reference numbered 2020/290).

Outcomes of simultaneous achieved measurements of 25(OH)
D levels, thyroid-stimulating hormone (TSH) levels, vitamin B12 
levels, and complete blood count (CBC) were recorded.

CBC was measured by fluorescent flow cytometry method on 
a Sysmex XN-9000 fully automatic blood count device (Sysmex 
XN-9000 automated analyzers, Kobe, Japan).

Serum vitamin B12 levels, 25(OH)D levels and TSH levels of pa-
tients were measured by chemiluminescence assay Beckman 
Coulter Access Unicel DXI 800 (UniCelDXi 800 immunochemi-
cal assay, Beckman Coulter, Fullerton, CA, USA) tool.

Serum vitamin D levels were measured with the most sensitive 
and specific method as chemiluminescence immunological 
25(OH)D test (Beckman Coulter Access Total 25(OH)D).

25(OH)D level below the 20 ng/mL is defined as vitamin D defi-
ciency and 25(OH)D level upper 20 ng/mL is defined as vitamin 
D sufficient (16). 

Statistical Analyses
The data was analyzed using the SPSS 22.0 Windows version 
software system. The Shapiro Wilk test was used to determine 
whether numerical variables were suitable for standard dis-
persion. The student’s t-test was used to compare the normal 
distribution parameters of the two groups. The Mann-Whitney 
U test was used to compare the not normally distributed pa-
rameters between the two groups. The Spearman rank correla-
tion coefficient was used to examine the association between 
improperly distributed numerical parameters. p<0.05 was con-
sidered significant.

RESULTS

The main characteristics and laboratory data of the endome-
triosis and PCOS disease groups are given in Table I. There was 
a significant difference in age between the PCOS and the en-
dometriosis groups (p=0.001). After the results in the patient 
group were adjusted according to age, the results were not 
changed. NLR and lymphocyte count had a significant differ-
ence between the PCOS and the endometriosis group (p=0.026 
and p=0.010; respectively) (Table 1).

When patients were classified into two groups based on 
25(OH)D levels (25(OH)D < 20 ng/mL group; 25(OH)D > 20 ng/
mL group), there were significant differences in NLR and in vita-
min B12 (respectively; p=0.017 and p=0.034). NLR was higher in 
the insufficient vitamin D group than in the sufficient vitamin D 
group (p=0.017). Vitamin B12 levels were correlated with suffi-
cient 25(OH)D levels (p=0.034; Table 2). 

Bivariate correlation analysis showed that vitamin D was neg-
atively correlated with the NLR (r=-0.196, p=0.050) in the pa-
tients with PCOS but not with endometriosis. The anti-inflam-
matory impact of 25(OH)D levels on NLR was a weak negative 
relation in the PCOS patient group but not in the endometriosis 
group (Table 3).
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Table 1. The characteristics of demographic and laboratory in women with PCOS and endometriosis.

Endometriosis PCOS  p-value 

Age (year) 31 [24-39] 23 [19-27] 0.001 

Platelet (K/μL) 273 [248-356] 308 [270-355] 0.115

Neutrophil (/mm3) 4.33 [3.52-5.23] 4.3 [3.36-5.27] 0.480

Lymphocytes (/mm3) 2.19 [1.81-2.67] 2.63 [2.16-3.12] 0.010

PLR 128.96 [93.2-169.68] 117.13 [99.2-143.64] 0.269

NLR 1.87 [1.51-2.54] 1.52 [1.28-2.18] 0.026

25(OH)D level (ng/mL) 15.11 [10-25.31] 16.88 [11.63-23.9] 0.532

Vitamin B12 level (ng/mL) 219.5 [174.5-265.5] 215 [158-307] 0.722

TSH level (μIU/mL) 1.79 [1.31-2.36] 1.86 [1.4-2.64] 0.464

All values presented as median (25%-75%)

Table 2. The comparison of data based on vitamin D levels in the group consisting of PCOS and endometriosis.

25(OH)D<20(ng/mL) 25(OH)D>20(ng/mL) p-value

Age (year) 24 [21-30] 24 [21-33] 0.941

Platelet (K/μL) 292.5 [262-359] 312 [252-350] 0.879

Neutrophil (/mm3) 4.41 [3.36-5.3] 4.06 [3.4-5.16] 0.453

Lymphocytes (/mm3) 2.47 [1.82-2.97] 2.64 [2.16-3.01] 0.153

PLR 126.31 [98.95-160.67] 118.18 [90.35-135.9] 0.104

NLR 1.78 [1.41-2.34] 1.45 [1.27-1.87] 0.017*

Vit B12(ng/mL) 212.5 [157.5-257] 277 [177-348] 0.034*

TSH (μIU/mL) 1.89 [1.38-2.58] 1.73 [1.28-2.65] 0.912

All values presented as median (25%-75%); statistical significance is shown with *: p<0.05

Table 3. Correlation analysis between 25(OH)D levels and complete blood count parameters in women with PCOS and 
endometriosis.

Platelet
(K/μL)

Neutrophil
(/mm3)

Lymphocytes
(/mm3) PLR NLR

Endometriosis 25(OH)D (ng/mL)

r -0.124 -0.239 0.050 -0.088 -0.196

p 0.464 0.153 0.767 0.596 0.232

n 37 37 37 39 39

PCOS 25(OH)D (ng/mL)

r 0.018 0.021 0.167 -0.154 -0.196

p 0.865 0.846 0.113 0.124 0.050*

n 91 91 91 101 101

*: p<0.05
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DISCUSSION

This retrospective study assessed the association between vi-
tamin D levels and the new inflammation biomarkers NLR and 
PLR in women with PCOS and endometriosis.

We obtained three significant findings as the results of our 
study. Firstly, NLR, the inflammatory parameter of CBC, has im-
portantly higher in the patient group with insufficient 25(OH)
D levels. Secondly, the anti-inflammatory action of 25(OH)
D levels on NLR has a weak negative correlation in the PCOS 
group. Finally, the observed correlation between vitamin B12 
and vitamin D represents that vitamin B12 levels should also be 
controlled in the insufficient 25(OH)D levels.

Vitamin D insufficiency is still a widespread and important 
global health problem (17). Vitamin D insufficiency has been 
originated to be related to severe pregnancy results such as 
repeated pregnancy losses and the possibility of preeclampsia 
(18). T cells, B cells, and antigen-presenting cells provide vita-
min D synthesis via signaling (19), suggesting that vitamin D 
deficiency may be responsible for the inactive immune system.

Although numerous studies demonstrated the relationship 
between vitamin D and its anti-inflammatory effects, their cor-
relations could not be completely explained (20).

1,25(OH)2D3’s in vivo suppression mechanism of autoimmune 
diseases, namely its anti-inflammatory effect, involves inhibit-
ing the development and function of Th1 cells and increasing 
IL-4 production from Th2 cells (21).

The ratio of neutrophil to lymphocyte is considered as an easy 
and rapidly measurable parameter of systemic inflammation in 
severe diseases (22).

In this study, we found vitamin D levels to be significantly lower 
in the PCOS and endometriosis patient groups. We observed 
that plasma 25(OH)D level and NLR, which are accepted as in-
flammatory markers, and lymphocyte count increased in PCOS 
and endometriosis patients. The low 25(OH)D levels may sup-
port a pro-inflammatory environment in PCOS and endome-
triosis (3). 

Numerous studies suggest that increased inflammation in 
PCOS patients affects obesity and insulin resistance (23) and 
that there is an association between high androgen concentra-
tion and leukocytes (15).

Administration of a synthetic vitamin D derivative to experi-
mental animals has been shown to result in the development 
of endometriosis and reduction of peritoneal inflammation, in-
dicating the immunomodulatory effect of vitamin D (24). Har-
ris et al. found an opposite correlation between plasma 25(OH)
D levels and endometriosis (25). Also, we indicated a negative 
correlation between plasma 25(OH)D levels and PCOS, but no 
negative correlation could be demonstrated between endo-
metriosis and vitamin D.

A study in 2018 examining the relationship between vitamin 
levels and low-grade inflammation in overweight and obese 
individuals reported that serum vitamin D and vitamin B12 
increased together, while serum C-Reactive Protein (CRP), the 
parameter indicating inflammation, decreased (26). A negative 
correlation was detected between both vitamin B12 and vita-
min D levels and autoimmune disease (27).

We observed a direct proportional association between vita-
min B12 levels and 25(OH)D levels because vitamin B12 levels 
were also insufficient in the group with inadequate vitamin D.

As the limitations of our study, since it is a retrospective study, 
data such as season, obesity, and BMI that may affect vitamin D 
levels could not be evaluated. Also, we consider that the correla-
tion of vitamin D with inflammation through the immune system 
should have been explored at the cellular and molecular levels.
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ABSTRACT

Objective: The role of norepinephrine (NE) on growth, adhesion and invasion of methicillin-resistant Staphylococcus aureus (MRSA) ATTC 
43300 was examined in human osteoblast (HOB) cells. The effects of NE and/or MRSA on the viability and cell death pathways of HOB 
cells were also investigated. Furthermore, the alterations of bacterial response to oxidative stress (H2O2) were analyzed in the presence/
absence of NE. 

Materials and Methods: Bacterial growth was detected spectrophotometrically. The colony counting method was examined for adhesion-
invasion. The alteration of HOB cell viability was determined by methyl thiazolyl diphenyl-tetrazolium bromide (MTT) assay. The death 
pathways of HOB cells were examined microscopically using acridine orange-ethidium bromide dual staining and dichlorofluorescein-
diacetate (DCF-DA) dye. The bacterial response to H2O2 was investigated by agar dilution.

Results: The growth of bacterium was not affected in the presence of NE. Bacterial adhesion was decreased by NE (p<0.0001) while high-
level NE induced invasion (p=0.013). HOB cell viability was reduced by MRSA and/or NE (p<0.001). MRSA and co-existence of MRSA and NE 
caused necrosis more than apoptosis in HOB cells (p<0.05). NE did not alter the bacterial response to oxidative stress. 

Conclusion: Norepinephrine has different effects on the biological properties of both MRSA and HOB cells.
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INTRODUCTION 

During an infection process, a microorganism enters the 
host tissues whereby host factors including hormones are 
accepted as the microbe’s environment. Microbial endo-
crinology provides a new avenue of approach to infection 
biology via understanding bi-directional interactions be-
tween host and microorganisms. It appears that host hor-
mones can be recognized by microorganisms and regulate 
their behaviors such as growth, virulence, antimicrobial 

susceptibilities and gene expressions (1–3). The effects of 
stress hormones on microbial behaviors during the infec-
tious process have been investigated in many studies (1, 
4-12). 

Staphylococcus aureus is responsible for a number of con-
ditions ranging from minor skin infections to serious ones 
including septicemia, endocarditis, pneumonia, or bone 
joint infections including osteomyelitis (13). In the pres-
ent study, human osteoblast cell line (HOB) was used as 
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an infection model. In this model, we investigated the roles of 
norepinephrine (NE) in the regulation of growth, adhesion and 
invasion properties of a methicillin resistant Staphylococcus 
aureus (MRSA) strain, viability and cell death pathways of HOB 
cells. Moreover, the response of MRSA to oxidative stress (in the 
existence of hydrogen peroxide; H2O2) was examined in tryptic 
soy agar (TSA) medium in the presence of NE. 

MATERIALS AND METHODS

Bacterium, Medium and Hormone
MRSA ATCC 43300 strain was used in our experiments. The 
overnight culture of the bacterium was prepared in tryptic soy 
broth and incubated at 37°C for 24 hours. The bacterial suspen-
sion was prepared to arrange the initial bacterial count to 107 
CFU/mL.

Physiological levels of norepinephrine (NE); (Sigma) in a 
healthy individual were taken into consideration to decide the 
two concentrations (low concentration: 0.0017 μg/mL and high 
concentration: 0.04 μg/mL).

Human Osteoblast Cell Culture 
Due to the fact that Staphylococcus aureus may cause bone de-
struction and loss (14), we used HOB cell line (Sigma-Aldrich) in 
our experiments. High-glucose Dulbecco’s modified eagle me-
dium (DMEM; Sigma) was used for the cell culture. We added 
10% fetal bovine serum (FBS; Biowest), 1% 2mM L-glutamine 
(Biological Industries) and 1% penicillin/streptomycin (Biologi-
cal Industries) into DMEM. 

For detecting bacterial growth, HOB cell viability and HOB cell 
death pathway, HOB cells were seeded at 1×104 density per 
well; for bacterial adhesion and invasion assays, the seeding 
density was 5×104 per well. 

All plates were incubated to obtain confluent monolayers with 
cell densities 4×104 in 96-well plate and 2.4×105 in 24-well plate.

Bacterial Inoculation Into HOB Cell Line 
DMEM medium was aspirated and replaced with an antimi-
crobial solution-free medium. Two concentrations of NE were 
added to each well (20μL for each well/96-well plate and 50μL 
for each well/24-well plate) for the experiments. Cell cultures 
without hormones were used as controls.

After hormone addition, the microplates were incubated at 
37°C for one hour. Human osteoblast cell culture was inocu-
lated with an overnight culture of MRSA and bacterium was 
grown at 37°C for different periods in HOB cells. The length of 
the period depended on the experiment where three, six and 
24 hours were given for bacterial growth, 1 hour for bacterial 
adhesion, three hours for bacterial invasion assays, and four 
hours for HOB cell viability and HOB cell death pathway at 37°C 
in CO2 (15-18).

Bacterial Growth Assay
The wells containing HOB cells with/without NE at two differ-
ent concentrations were inoculated with MRSA strain (bacterial 

counts as 107 CFU/mL) and incubated for three, six and 24 hours. 
The effect of NE was determined by comparing the absorbance 
of growth (600nm) in infected HOB cell culture with/without 
hormone by the spectrophotometric method at 600 nm (19).

All experiments were repeated independently three times and 
conditions were analyzed thrice. 

Bacterial Adhesion and Invasion Assays
Bacterial adhesion and invasion stages were followed as re-
ported previously (15). After inoculation for one hour at 37°C, 
phosphate buffer saline (PBS) was used to wash the HOB cells 
to distract unbound bacteria. The cells were lysed with 500 μL 
Triton X-100 (0.025%) and the culture dishes were incubated 
for 5 minutes at 37°C under 5% CO2 conditions. After homog-
enization, TSA was used for inoculation of cell lysates and in-
cubated for 24 hours at 37°C. The adhered-bacteria numbers 
were detected by colony counting.

Invasive bacterial numbers were detected as mentioned above 
with minor variation. PBS was added into the wells for wash-
ing, after HOB cells were incubated with bacteria at 37°C for 
three hours. To destroy extracellular bacteria, a fresh medium 
containing 200 μg/mL gentamycin was added. The microplates 
were incubated at 37°C for one hour. For quantification of inva-
sive bacteria, Triton X-100 was used for lysing of HOB cells. Ho-
mogenized cell lysates were inoculated as mentioned above.

The colony counting method was used to detect the adhered 
and invasive bacterial counts (as colony forming units (CFU)/
mL) obtained from inoculated HOB cell lysates.

All conditions were repeated three times and each experiment 
was performed thrice. 

HOB Cell Viability Assay
We used methyl thiazolyl diphenyl-tetrazolium bromide (MTT) 
to detect HOB cell viability. MTT stock solution (12 mM; Neofrox 
3580 MTT) described by Mosmann was used (16). The contents 
were aspirated from the wells after 4 hours of incubation at 
37°C, and 70μL of dimethyl sulfoxide (DMSO) was added to the 
wells for 10 minutes. The composed formazan crystals showing 
the metabolic activity of HOB cells were measured spectropho-
tometrically at 540 nm. Then, cell viability was calculated ac-
cording to the equation: Viability % = (Treated cells absorbance 

/ Non-treated cells absorbance) × 100.

The effects of MRSA and/or NE at different concentrations on 
HOB cell viability were detected by comparing control condi-
tions’ absorbance data. 

Each experiment was repeated twice and all samples were 
evaluated in duplicates.

HOB Cell Death Assays

Acridine Orange/Ethidium Bromide (AO/EB) Dual Staining
After labeling all nuclei with acridine orange (AO) and ethidium 
bromide (EB), the frequency of cell death (apoptotic or necrotic 



87

Experimed 2022; 12(2): 85-93
Kalayci Yuksek et al.
Interactions between Norepinephrine, MRSA, HOB Cells

mechanism) was determined by fluorescent microscopy as de-
scribed by Tapajós et al. (17). The dye was applied directly onto 
the cells without removing them by trypsinization from the wells. 
AO/EB staining solution (1μL) (dye mixture containing 100 μg/
mL AO and 100 μg/mL EB) was added to the cells. H2O2 (0.2 mM) 
treated cells were used as the positive con trol for four hours. 

After the addition of AO/EB dye (20 minutes), the cell morphol-
ogy was examined under fluorescent microscope (Carl-Zeiss/
Axio Observer 3, Zen 2.3 Blue Edition software). 

Visual analysis were used to assess apoptosis or necrosis as 
well as cell survival according to criteria described previously, 
namely, alive cells have a homogeneous green nucleus and 
red-orange cytoplasm; apoptotic cells have chromatin conden-
sation and an uneven green nucleus; and necrotic cells have no 
cell membrane (uniformly red-stained cell nuclei) (17).

At least 200 cells were counted for statistical analysis. The ex-
periments were repeated independently three times. 

Dichlorofluorescein-Diacetate (DCF-DA) Staining 
By staining with DCF-DA, the degree of reactive oxygen species 
(ROS) was determined [DCF-DA (D6883) 50mg; Sigma-Aldrich] 
under a fluorescence microscope. The amount of green fluo-
rescence is proportional to the amount of ROS. This approach 
for measuring ROS in living cells is frequently utilized (18). It is 
known that ROS can cause apoptosis in different kinds of cell 
types. Therefore, to determine whether generation of ROS has 
any role in cell death, the degree of ROS was measured. 

HOB cells were treated as explained above for four hours. After 
the treatment, the cells were rinsed with PBS (pH 7.4). The pos-
itive control was H2O2 (0.2 mM) treated cells. 

DCF-DA stock solution (20 mM) was prepared and then diluted 
in DMSO (0.1 mM culture medium). DCF-DA staining was per-
formed as described previously by application of the dye di-
rectly onto the cells without removing them by trypsinization 
from the wells (18). 

The cells were then stained with DCF-DA (0.1 mM) and covered 
with aluminum foil for 30 minutes at 37°C. Finally, the cells were 
rinsed in PBS and were examined using fluorescent microscope 
(Carl-Zeiss/Axio Observer 3, Zen 2.3 Blue Edition software). 

A single 300 ms exposure was used to capture fluorescence 
photos, followed by differential interference contrast (DIC) im-
ages in the same field of view. The each cell’s fluorescence in-
tensities were measured in a 60 x 60-pixel box by Zen 2.3 Blue 
Edition software, and the average of at least 100 cells per well 
was taken (18).

Bacterial Response to Oxidative Stress 
To detect the influence of NE on the sensitivity of MRSA strain 
to H2O2, an agar dilution method was used as previously de-
scribed (20). The initial suspension of MRSA strain was adjusted 
to 2x108 CFU/mL from the overnight culture. 

TSA including 2, 1, 0.5, 0.2 and 0.1 mM H2O2 and/or two differ-
ent concentrations of NE were prepared. The spot inoculation 
(3 μL) method was used and agar plates were incubated for 
24 hours at 37°C. The results were evaluated considering the 
growth/no growth of MRSA.

Statistical Analyses
Differences between the results of experimental and control con-
ditions were statistically analyzed. The growth alterations were 
assessed using one-way ANOVA (Dunnett’s multiple comparisons 
test). Two-way ANOVA followed by Dunnett’s multiple compari-
sons test was used for the analysis of adhesion and invasion re-
sults. Multiple comparisons were examined by Tukey’s procedure 
for MTT and microscopic analyzed on GraphPad Prism 8.3.0. All 
results were presented as mean±standart deviation. The signifi-
cant differences were considered as p values, less than 0.05.

RESULTS

The Alteration of MRSA Growth in the Presence of NE
Norepinephrine, at two concentrations, was shown to have 
no effect (p>0.05) on the growth of MRSA strain at three-, six- 
and 24-hour periods in cell culture conditions (Figure 1). Even 
though the alterations were not statistically significant, the 
growth of bacterium was decreased in three and six hours of 
incubation. However, if the incubation was prolonged to 24 
hours, the growth was shown to be increased in the presence 
of both two NE concentrations.

The Alteration of Adhesion-Invasion of MRSA in the Pres-
ence of NE
Both concentrations of NE statistically significantly (p<0.0001) 
decreased the adhesion of MRSA. However, the invasion of 
MRSA was increased (p: 0.013) only in the presence of high-lev-
el NE (Figure 2).

Figure 1. The alteration of MRSA growth in the presence of NE.

The growth of MRSA in HOB cell culture with/without NE was 
analyzed using one-way ANOVA (Dunnett’s multiple comparisons 
test). HNE: High concentration of NE (0.04 μg/mL), LNE: Low 
concentration of NE (0.0017 μg/mL) 
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The Alteration of HOB Cell Viability in the Presence of NE 
and/or MRSA
The MTT experiment revealed that the HOB cell viability was re-
duced in the presence of both NE concentrations and/or MRSA 
(p<0.001; Figure 3). 

Cell Death in the Presence of NE and/or MRSA
As shown in Figure 4, AO/EB staining demonstrated that MRSA 
and MRSA+HNE/LNE caused mainly necrosis in HOB cells (ne-
crosis: 98.33±1.16% by MRSA; 98.67±1.15% by MRSA+HNE; 
97.67±0.58% by MRSA+LNE) when compared to the negative 
control (0.55±0.33) (mean±standart deviation) (p<0.001). Be-
sides, there was no significant difference in the percentage of 
apoptotic and necrotic cells between HOB+MRSA (apoptotic: 
1.66±1.15; necrotic: 98.33±1.16), HOB+MRSA+HNE (apoptotic: 
1.33±0.88; necrotic: 98.67±1.15) and HOB+MRSA+LNE (apop-
totic: 2.33±0.57; necrotic: 97.67±0.58). 

However, the presence of NE at two concentrations did not 
cause cell death (neither apoptosis nor necrosis) significantly 
(p>0.05). There was also no significant difference in the per-
centage of apoptotic and necrotic cells between HOB+HNE 
(apoptotic: 5±1; necrotic: 0.58±0.33) and HOB+LNE (apoptotic: 
2.67±1.5; necrotic: 0.58±0.33). Microscopic images stained by 
AO/EB are shown in Figure 5.

As illustrated in Figure 6, according to DCF-DA experiment re-
sults, it was found that MRSA and/or NE did not cause ROS pro-
duction in HOB cells significantly (p< 0.05). 

Figure 7 shows representative microscope images from the 
DCF-DA assay sample.

Bacterial Response to Oxidative Stress in the Presence of NE
MRSA strain was resistant to all H2O2 concentrations tested. The 
presence of both two NE concentrations did not alter the sus-
ceptibilities. 

DISCUSSION

Many studies have shown the effects of mammalian hormones 
on the regulation of physiological properties of both mammali-
an cells and microorganisms. Microbial endocrinology concept 
has provided a basic understanding of the inter-kingdom in-
teractions. It is well known that catecholamines can regulate 
the immune system. Norepinephrine is known as a neurotrans-
mitter that can affect the inflammatory process directly or indi-
rectly (21). Furthermore, the level of norepinephrine secretion 
can be stimulated under stress conditions (22). As previously 
reported, up-taking of iron in limited conditions, hormone-me-
diated induction of auto-inducers, acting as quorum sensing 
compounds have been reported to be the possible action 
mechanisms of NE (1-3). At present, it is commonly known that 
during the evolutionary process, microorganisms improved 
their abilities to modulate the growth, metabolic pathways, vir-
ulence and antimicrobial susceptibilities in a host (1-3).

Considering this view, this study determined the role of nor-
epinephrine in the modulation of some biological properties 
(growth, adhesion, invasion and response to oxidative stress) 
of methicillin-resistant Staphylococcus aureus strain inoculated 
into human osteoblast cell culture imitating the host environ-
ment as much as possible. Furthermore, we investigated the 
influences of MRSA infections and/or NE on HOB cell viability 
and cell death pathway. 

Figure 2. The alteration of MRSA adhesion and invasion in 
the presence of NE. 

The adhesion and invasion of MRSA to HOB cell culture with/
without NE were examined using two-way ANOVA (Dunnett’s 
multiple comparisons test). HNE: High concentration of NE (0.04 μg/
mL), LNE: Low concentration of NE (0.0017 μg/mL) (****, *p<0.0001 
and p=0.013, respectively)

Figure 3. The alteration of cell viability in the presence of 
NE and/or MRSA.
 
The cell viability with/without NE and/or MRSA were examined using 
one-way ANOVA (Tukey multiple comparison tests) (**, ***p<0.0001). 
HNE: High concentration of NE (0.04 μg/mL), LNE: Low concentration 
of NE (0.0017 μg/mL) The characters showed comparions of 
experimental groups’ statistically significant results as mentioned 
in Figure 3 are: a: HOB (non-treated negative control), b: HOB- 
HOB+MRSA inoculated group, c: HOB- HOB+MRSA+HNE inoculated 
group, d: HOB- HOB+MRSA+LNE inoculated group
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According to some previous studies, norepinephrine decreased 
the growth of various microorganisms such as Prevotella inter-
media, Porphyromonas gingivalis, some Actinomyces strains, 
Escherichia coli (E. coli) in microbiological culture media (4, 5). 
However, others showed that the growth of Staphylococcus 
epidermidis, Helicobacter pylori, Streptococcus (S) pneumoniae, 
Vibrio harveyi and Campylobacter  jejuni (C. jejuni) was stimu-
lated by NE (1, 6-8). In some studies, there was no alteration of 
microbial growths in the presence of NE (2, 23, 24). 

In the present study, NE did not affect the growth of MRSA in-
dependently from the incubation period and the concentra-
tion of the hormone in HOB cell culture.

It has also been reported that host hormones can influence 
some infectious stages such as adhesion and invasion. It seems 
that in the presence of NE, the adhesion of EHEC O157:H7, 
adherent-invasive E. coli, C. jejuni and Enterococcus (E) faecalis 
strains to various host tissues (HeLa cells, Caco-2/TC-7 cells and 
Caco-2 cells) have been induced (8-11) but consistent with our 
results, the adhesion of S. pneumoniae to A549 cells is reported 
to be reduced (12). Most of the studies showed that NE acts as 
an inducer for the adhesion stage of different kinds of microor-
ganisms as mentioned above, but in the frame of our results, it 
is possible to suggest that NE plays an inhibitory role in MRSA 
adhesion to HOB cells. 

There are limited number of studies investigating the roles 
of NE on the invasion to host cells showing that NE acted 
commonly as an inducer for invasion of adherent-invasive E. 
coli and C. jejuni (8, 9). Our results show that HNE concentration 
stimulated MRSA invasion of HOB cells correlated with previous 
studies. 

Some studies have reported that cell viability decreases with 
the increase of NE concentration and high hormone concentra-
tions may cause an increase in bone destruction by inhibiting 
osteoblast differentiation (25, 26). Suzuki et. reported that NE 
has a stimulator role for MC3T3-E1 osteoblast-like cells via DNA 
synthesis, dependent on the increasing of NE dose (27). In our 
study, the administration of NE inhibited HOB cell viability is 
consistent with Xue-Min et al. and Grassel’s findings (25, 26). 

Similary, MRSA significantly decreased the cell viability, consis-
tent with the results of a previous study (28).

To our knowledge, there are no studies to determine the influ-
ences of NE on MRSA-infected HOB cells. Furthermore, Beata 
et al. indicated that NE has effects on the interaction between 
adherent-invasive E. coli and Caco-2 cells which strengthens 
bacterial virulence (9). 

In the present study, when NE was added to MRSA-infected 
HOB cells, the viability was also reduced significantly. In sum-

Figure 4. The alteration of cell death frequency in the presence of NE and/or MRSA. 

MRSA and/or NE induce necrosis. The percentage change of the proportion of necrotic cells and the untreated negative control was compared, 
and one-way ANOVA (Tukey multiple comparison test) was used. 
(*, **, *** p<0.05, indicates a significant difference compared with the negative control, n=3). 
H2O2 (0.2 mM)- treated HOB cells (positive con trol), non-treated HOB cells (negative control)
HNE: High concentration of NE (0.04 μg/mL), LNE: Low concentration of NE (0.0017 μg/mL)
The characters showed comparions of experimental groups’ statistically significant results as mentioned in figure 4 are: 
a: HOB live cell numbers (non-treated negative control), b: HOB live cell numbers  (H2O2-treated positive control), c: the live cell numbers of 
HOB+HNE, d: the live cell numbers of HOB+LNE, e: apoptotic cell numbers of H2O2-treated positive control, f: apoptotic cell numbers of non-
treated negative control, g: apoptotic cell numbers of HOB+MRSA+HNE, h: necrotic cell numbers of non-treated negative control, i: necrotic 
cell numbers of HOB+MRSA, k: necrotic cell numbers of HOB+MRSA+HNE, m: necrotic cell numbers of HOB+MRSA+LNE.
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mary, our results showed that NE and/or MRSA decreased the 
viability of HOB cells. It is well known that NE acts as an an-
ti-inflammatory for the host. Thus, it is possible to suggest that 
both NE and the presence of MRSA infection may be responsi-
ble for reducing HOB cell viability.

It was reported that NE modulates cell proliferation and apop-
tosis pathway on chondrocytes and reduces the rate of apop-

tosis (29). Ning et al. found that Staphylococcus aureus caused 
apoptosis in HOB cells during in vitro conditions (30). Howev-
er, Choi et al. showed that MRSA had distinct effects on bone 
cells (in vitro or in vivo). Detecting significant necrosis rates in 
rats, they suggested that bone necrosis was dose dependent 
(31). According to our AO/EB dual staining results, cell death in-
creased significantly in the presence of MRSA, MRSA+HNE and 
MRSA+LNE and this cell death occurred more with the necrosis 

Figure 5. AO/EB dual staining of HOB cells under the microscope.

a) HOB+MRSA b) HOB+HNE c) HOB+LNE d) HOB+MRSA+HNE e) HOB+MRSA+LNE f) H2O2 (0.2 mM)-treated HOB cells (positive con trol); g) non-
treated HOB cells (negative control) h) image g’s brightfield (Magnifications: 10x). 
HNE: High concentration of NE (0.04 μg/mL), LNE: Low concentration of NE (0.0017 μg/mL); Apoptotic cells are shown by arrows, necrotic cells 
by arrowheads, and living cells by double arrowheads.
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rather than apoptosis pathway (necrosis: 98.33±1.16% by MRSA; 
98.67±1.15% by MRSA+HNE; 97.67±0.58% by MRSA+LNE). 
However, the induced pathway leading to necrosis and details 
of this mechanism is another subject worth investigating. 

According to our ROS detection results, there was no significant 
increase in ROS production in the presence of NE and/or MRSA 
which confirms that cell death does not occur via the apoptosis 
pathway. In fact, it was previously reported that MRSA strains 
did not induce oxidative stress in osteoblast-like cells (32). 
However, some studies show that infection of osteoblast cells 
with MRSA induces apoptosis pathway that can disrupt host 
cells’ defense barrier, actin cytoskeleton reorganization and cell 
proliferation (33, 34). 

When an infection occurs, microorganisms encounter several 
environmental stress factors; one of them is H2O2. Oxidative 
molecules, such as H2O2, released by immune system cells 
destroy microorganisms (35, 36). Some microorganisms resist 
oxidative stress and some are susceptible. In our study, MRSA 
was resistant to H2O2 and NE did not alter its resistance.

In our study, the most important finding was the significant 
inhibition of HOB cell viability and induction of cell death via 
necrosis, by NE and/or MRSA in cell culture. 

In conclusion, this study provides the knowledge about the 
possible influences of NE on the biological properties of bacte-
ria and host cells, hence on the infectious process. 

Figure 6. Cellular ROS production of HOB cells was 
examined by DCF-DA showing ROS detection.

DCF-I: ROS intensity averages for at least 100 cells from each well of 
each study group. 
Used one-way ANOVA (Tukey’s multiple com parison test) to analyze 
statistical significance [***p<0.0001 indicates a significant difference 
compared with control groups (H2O2 (0.2 mM)- treated HOB cells as 
positive con trol, non-treated HOB cells as negative control)].
HNE: High concentration of NE (0.04 μg/mL), LNE: Low concentration 
of NE (0.0017 μg/mL) 

Figure 7. Representative microscope images from DCF-DA assay with fluorescence filter.

DIC brightfield’s are included to show the same field with the presence of all the cells in the well. 
a) HOB+MRSA b) HOB+HNE c) HOB+LNE d) HOB+MRSA+HNE e) HOB+MRSA+LNE  f) H2O2 (0.2 mM)- treated HOB cells (positive con trol)
g) non-treated HOB cells (negative control) 
HNE: High concentration of NE (0.04 μg/mL), LNE: Low concentration of NE (0.0017 μg/mL)
All images of brightfield are given as DIC (aa, bb, …gg). The amount of green fluorescence is proportional to the quantity of ROS (Magnifications: 10x).
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ABSTRACT

Objective: The neuroprotective effects of thymoquinone (TQ), the active compound of Nigella sativa, have been reported in accordance 
with the anti-inflammatory and antioxidant features of this drug. It has been suggested that the cerebellum plays a considerable role in 
neurodegenerative processes. In the current study, the possible effects of TQ on the structure and composition of cerebellum tissues and 
its total antioxidant capacity were studied dose-dependently. 

Materials and Methods: Fifteen adult Long Evans female rats were divided into groups as follows: G1: Control, G2: 10 mg/kg TQ treatment, 
G3: 20 mg/kg TQ treatment. TQ was injected into the rats intraperitoneally for two weeks. The control group only received corn oil used 
for the dissolving of TQ. Fourier-transform infrared spectroscopy (FTIR) studies and total protein, and antioxidant capacity measurements 
were carried out with cerebellum tissues which were removed following the decapitation of rats.  

Results and Conclusion: 10 mg/kg TQ treatment improved the saturated and unsaturated lipid and protein content in addition to 
decreasing nucleic acid content and lipid peroxidation and increasing the total antioxidant capacity of cerebellum tissues. However, 20 
mg/kg TQ treatment did not have any significant effect.
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INTRODUCTION

In recent years, many neurodegenerative disorders have 
been treated by plants commonly used in traditional med-
icine. These plants are preferred for easy access, collection 
and minimal side effects among the public (1). Nigella sativa 
(NS) which is a member of Ranunculaceae family, is known 
as black seed or cumin. NS has been proven to have anti-in-
flammatory and antioxidative effects besides its neuropro-
tective role (2), and its active compound thymoquinone (TQ) 
has been indicated to play an important role on oxidative 
stress and inflammation processes in the body as well (1).

In previous studies, the neuroprotective effects of TQ on 
neurological disorders were reported in both cell culture 

and animal studies (3-7). This neuroprotective effect results 
from its anti-inflammatory and antioxidant properties. One 
possible mechanism is its inhibitory effect on acetylcholin-
esterase enzyme which breaks down the neurotransmitter 
acetylcholine in the neuromuscular junction (6). The other 
mechanisms include the reduction of pro-inflammatory cy-
tokines and chemokines besides the inhibition of nitric oxide 
synthase enzyme (3). TQ’s antioxidant effect includes the re-
duction of reactive oxygen species (ROS) produced in oxida-
tive stress. In neurodegenerative diseases, it has also been 
reported that an abundant value of ROS was produced by 
the activation of microglial cells as in Alzheimer's disease (8).

The cerebellum, which is located near the brainstem, is a pri-
mary component of the hindbrain. The main function of the 
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cerebellum is maintaining motor coordination for movement 
and balance of the body (9). Structural and functional alterations 
in cerebellum tissue were reported in different neurodegenera-
tive disorders including Alzheimer's disease, (10), Parkinson dis-
ease (11), and multiple system atrophies (12). Although the role 
of the cerebellum in the clinical condition of neurodegenerative 
diseases is still unclear, disruption in the structure and function 
of the brain, including the cerebellum, is well documented. A re-
cent study showed that the cerebellum shares the same pathol-
ogy with the cerebral cortex in neurodegenerative disorders (9).

In a study conducted by Ismail et al. (13), the protective effect 
of TQ for the β-amyloid peptide1-40 -induced neurotoxicity was 
investigated by in vitro studies using neuron cells. According to 
the results of this study, TQ has a neuroprotective effect on the 
apoptosis of cerebellar granule neurons (CGNs) due to β-amy-
loid peptide1-40 (13). In another recent study, the antioxidant 
effect of TQ was investigated in the cerebellum of rats who had 
consumed a high-fat diet (HFD) (1). Since HFD is accepted as a 
major problem for neuronal damage, oxidative stress markers 
were measured in the serum of those rats to investigate the 
meliorative effect of TQ after 4 weeks of HFD supplementation. 
Alrafiah reported that the treatment with TQ reduced the in-
flammation and ameliorated the antioxidant enzymes imply-
ing an improvement in the HFD-induced neuronal damage in 
cerebellum tissues (1).

The cerebellum plays a considerable role in neurodegenerative 
processes, and revealing the molecular and antioxidant effects 
of TQ in the structure, composition and function of the cerebel-
lum is promising for the prevention of neuronal damage. In the 
light of previous studies, the aim of the current study was to 
investigate the dose-dependent effects of TQ on the structure 
and composition of cerebellum tissues. Besides the structural 
changes, the effects of TQ in the antioxidant levels of the cere-
bellum were also studied in the current study. 

In recent years, the biomolecular alterations in different parts of 
brain tissue (14, 15) and other hard (16-18) and soft tissues (19, 
20) were studied by our group with attenuated total reflectance 
attenuated total reflection-fourier-transform infrared (ATR-FTIR) 
spectroscopy and FTIR microspectroscopy techniques. The 
TQ-induced variations on the content and confirmation of the 
cerebellum proteins, lipids and nucleic acids were also studied 
by ATR-FTIR spectroscopy in the current study.

MATERIALS AND METHODS

Animal Studies
In the current study, adult Long Evans female rats (400-450 g) 
were divided into 3 groups:

G1: Control group (n=5)

G2: 10 mg/kg TQ treatment group (n=5)

G3: 20 mg/kg TQ treatment group (n=5)

Ad libitum standard lab chow diet besides tap water were pro-
vided for the rats. The rats were kept in a 12-h light/12-h dark 

cycle at room temperature (21°C). TQ dissolved in corn oil (2-2,5 
mL) was given to the rats by intraperitoneal (ip) injection every 
day for 14 days. The control group was only given corn oil with 
ip injection for the same period. 

The doses used in the current study were selected according to 
previous in vivo studies in the literature which investigated the 
antioxidant effects of TQ in different tissues (21-23). Those effects 
were commonly seen in TQ doses of between 10 and 20 mg/kg.

Throughout the experiment process guidelines provided by 
“The Guide for the Care and Use of Laboratory Animals” were 
followed. All the experimental processes of the study were con-
firmed by the Scientific Ethical Committee of Bezmialem Vakif 
University (2016/317).

After two weeks, the rats were decapitated, and the cerebellum 
tissues were collected from the rats. They were kept at -80°C 
until ATR-FTIR spectroscopy and biochemical studies. 

ATR-FTIR Spectroscopy Studies
The cerebellum tissues were first washed with PBS (0.01M, pH 
7.4) to remove any blood surrounding the tissue. Tissue the size 
of a needle head was put on a crystal plate made up of dia-
mond/zinc selenide (Di/ZnSe) on ATR attachment. The rest of 
the tissues were homogenized for biochemical studies given in 
the next sections. The spectra of the samples were recorded us-
ing 4 cm-1 resolution with 128 scan number between 4000-650 
cm-1 by Bruker Alpha II 100 FTIR spectrometer (Bruker, Berlin, 
Germany). Three spectra were recorded from each sample as 
replicates. The average of those three spectra was calculated to 
be used in the following spectral analysis. 

For the detailed spectral analysis, band wavenumber, band 
area’s ratio and band’s width values of the target bands were 
measured using OPUS v8.5 software (Bruker Optics GmbH Co., 
Ettlingen, Germany). In this way, the molecular variations in the 
proteins, lipids and nucleic acids of the cerebellum tissue due 
to TQ treatment were investigated in the current study.

Total Protein Measurement
After removing the surrounding blood from the cerebellum 
tissue by washing with PBS solution, 250 mg of tissue were ho-
mogenized with lysis buffer for the isolation of cerebellum pro-
teins. For the lysis buffer, the buffer found in ReadyPrep™ Pro-
tein Extraction Kit (Bio-Rad Laboratories, California, USA) was 
used. For the homogenization 2.5 μL lysis buffer was used for 
every 1 mg of tissue. After mixing the tissue with an appropri-
ate amount of lysis buffer, the homogenization was done with 
a homogeniser (VELP O5, IKA Process Technology, Germany). 
Homogenized tissue was centrifuged at 4°C for 10 minutes at 
14000g (Eppendorf 5810R, Hamburg, Germany). After the cen-
trifugation, the supernatants were collected.

The total protein of the cerebellum tissue was calculated using 
Bradford assay with coomassie plus reagent and as a standard 
bovine serum albumin (Pierce, Thermo Fisher Scientific, Roskil-
de, Denmark). Optimization for the dilution of samples were 
done and it was decided that a 1/50 dilution for the superna-
tants would be the amount of dilution for the measurement. 
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Five microliters of each diluted supernatant were mixed with 
245 μL of Bradford Reagent in 98-well microplate. Seven stan-
dards with different protein concentrations (125, 250, 500, 750, 
1000, 1200, 1500 µg/mL) were used in the colorimetric mea-
surement with microplate reader (Biochrome EZ Read 400, Bio-
chrome LTD., Cambridge, UK) at 595 nm. The total protein con-
centrations of the samples were calculated using the standard 
curve plotted after the measurement. Three replicates for each 
sample were measured, the average of which was used for the 
evaluation of the results and the statistical analysis. 

Total Antioxidant Capacity Measurement
Hundred mg of cerebellum tissues were homogenized with 
PBS (0.01M, pH 7.4) at a ratio of 1:9 (the weight of the tissue in 
milligrams: the volume of homogenized medium in microliters) 
using homogenizer (VELP O5, IKA Process Technology, Germa-
ny). Homogenized tissue was centrifuged at 4°C for 10 minutes 
at 10000g (Eppendorf 5810R, Hamburg, Germany). Supernatans 
were used to carry out the total antioxidant capacity measure-
ment with a colorimetric kit (T-AOC Colorimetric Assay Kit, E-BC-
K136S) according to recommendations of the manufacturer. 
Samples were studied in two replicates and the average of these 
two values were used for the evaluation of the results and the sta-
tistical analysis.

Statistical Analyses
The GraphPad Prism 9.0 (GraphPad Software, Inc., San Diego, 
California, USA) was used to test the significance of the varia-
tion between the groups. After testing for normal distribution 
with Kolmogorov Smirnov test, One-way ANOVA with the addi-
tion of Tukey’s post-hoc test was chosen for the comparison of 
the groups. The mean values and the standard deviation values 
were calculated and used to summarize the data for each of the 
groups. p values less or equal to 0.05 were accepted as statisti-

cally significant in the comparison of the rat groups.

RESULTS

In the current study, dose-dependent effects of TQ on the mo-
lecular content and antioxidant capacity of cerebellum tissues 
of rats were investigated. 

Figure 1 shows the representative average spectra of cerebellum 
tissue of the healthy group. As can be seen from the figure, there 
are various bands belonging to the several functional groups as 
a part of tissue proteins, saturated besides unsaturated lipids, 
phospholipids and nucleic acids. The band assignment table for 
the labelled bands in Figure 1 is given in Table 1. The band due to 

Figure 1. The representative spectrum of control cerebellum 
tissue at 3800-450 cm-1. (*p≤0.05; **p≤0.01, ***p≤0.001, 
****p≤0.0001)
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Table 1. General band assignment of a cerebellum tissue between 3700-900 cm-1 wavenumber region (15).

Band # Wavenumber value (cm-1) Band assignment

1 3012 Olefinic HC=CH stretch, due to unsaturated lipids

2 2963 CH3 antisym stretch, due to proteins and lipids

3 2927 CH2 antisym stretch, due to primarily lipids

4 2873 CH3 sym stretch, due to primarily proteins

5 2854 CH2 sym stretch, due to primarily lipids

6 1742 Ester C=O stretching due to triglyceride and cholesterol esters

7 1638 Amide I primarily C=O stretch, vibrations of amide groups of proteins

8 1545 Amide II primarily N-H bending with C-N stretch, vibrations of amide groups of proteins

9 1454 CH2 bending due to lipids

10 1398 Fatty acids and amino acids

11 1235 PO2
– asym stretch, due to primarily nucleic acid with slight contribution of phospholipids

12 1152 Glycogen

13 1080 PO2
– sym stretch, due to phospholipids
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olefinic only appears in the second derivative spectra.

The spectral band area/intensity values supply information on 
the amounts of the functional groups related to the relative mol-
ecules; for example, a rise in the band area values correlate to 
higher concentrations of the molecules allotted to the spectral 
bands (24). Band area ratios are used instead of separate band 
area values in order not to be affected by any difference com-
ing from the changes in tissue thickness during the experiment 
(19). Band area and intensity ratios were used to get information 
about total lipid and protein contents, saturated and unsaturat-
ed lipid contents besides carbonyl and nucleic acid contents.

The value of the band area/intensity ratios of the calculated 
bands is given in Table 2.

The band area/intensity ratios of various lipid bands located in 
CH region and the C=O stretching vibrations of carbonyl ester 
groups were used to analyse the variations in lipid structure 
and composition. The calculated ratios for analysing the varia-
tions in lipid’s structure and composition were as follows: ole-
finic =CH/total lipid; CH2 antisym /CH3 antisym; CH2 antisym /
total lipid and carbonyl /total lipid. 

Total lipid amounts were determined using lipid bands in the 
CH stretching wavenumber region (3030–2800 cm-1) namely 
CH2 antisym and CH2 sym (15). The total lipid content which is 
obtained by getting the band area ratio of CH2 antisym (2927 
cm-1) to CH2 antisym + CH2 sym (2854 cm-1) bands, was signifi-
cantly higher in the 10 mg/kg TQ treatment group compared 
with the control, while there was no significant change in the 
20 mg/kg TQ treatment group (Table 2 and Figure 2A). This in-
crease was also confirmed by the increase in CH2 symmetric 

stretching band, while taking the normalization to CH2 anti-
symmetric band seen in Figure 3.

The olefinic and carbonyl ester contents of cerebellum tissues 
were calculated from the band intensity ratios from second 
derivative spectra since these bands can be clearly seen in the 
second derivative of the spectrum but are difficult to see in 
the first derivative (Figure 4). The band intensity ratio of ole-
finic band located at 3014cm−1 to the total of CH2 antisym + 
CH2 sym bands was significantly increased only in the 10 mg/
kg TQ treatment group in comparison to the control (Table 2 
and Figure 2B). Since this ratio gives information related to the 
unsaturation degree of lipids, the result referred to an increase 
in unsaturated lipid content in treated groups especially in the 
10 mg/kg TQ treatment group (19). In addition, the band area 
ratio of carbonyl band at 1743 cm-1 to the total of CH2 antisym 
+ CH2 sym bands was slightly increased in the 10 mg/kg treat-
ed group implying a higher carbonyl content in the cerebellum 
of this group compared with the control group (Table 2 and 
Figure 2C) (20).

The major protein bands: Amide I (at 1640 cm-1) and amide 
II (at 1545 cm-1) were used for the calculation of total protein 
content by taking the band area’s ratios of amide I to amide I 
+ amide II (25). There was a significant and a slight increase in 
protein content of the 10 mg/kg and 20 mg/kg TQ treatment 
groups, respectively, in comparison to the control (Table 2 and 
Figure 2D). This result was also confirmed by the increase in 
these bands seen in Figure 5. 

The total protein content of the cerebellum tissues were also 
calculated by Bradford assay. This result supported the results 
of ATR-FTIR spectroscopy studies by showing an increase of 

Table 2. The band area/intensity ratios of the control and treatment groups.

Band area/intensity ratio Control TQ 10mg/kg TQ 20mg/kg

Total Lipid Content
Band area ratio of CH2 antisym stretch. to CH2 antisym stretch. 

+ CH2 sym stretch.
0.605±0.03 0.613±0.07 ↑* 0.605±0.03 

Unsaturated Lipid Content
Band intensity ratio of Olefinic HC=CH stretch. to CH2 antisym 

stretch. + CH2 sym stretch.
0.313±0.053 0.421±0.060 ↑** 0.314±0.043 

Carbonyl Content
Band area ratio of Ester C=O stretch. to CH2 antisym stretch.

+ CH2 sym stretch.
0.183±0.027 0.217±0.028 ↑ 0.182±0.017

Total Protein Content
Band area ratio of Amide I to Amide I + Amide II

0.568±0.004 0.602±0.008 ↑**** 0.574±0.010 ↑

Nucleic Acid Content
Band area ratio of PO2

- antisym stretch. + PO2
- sym stretch. to 

Amide I + Amide II
0.591±0.073 0.583±0.044 ↓ 0.632±0.025 ↑

The arrows pointing upward and downward represent a relative increase and decrease, respectively, in the treatment groups compared to the control group.
*: p≤0.05; **: p≤0.01; ****: p≤0.0001
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Figure 2. The band area/intensity ratio of different bands for the control, 10 mg/kg TQ treatment and 20 mg/kg TQ treatment 
groups. The significance compared to the control is indicated with a star symbol (*). *: p≤0.05; **: p≤0.01; ****: p≤0.0001

 

 

 

 

 

Control 

10 mg/kg TQ 

20 mg/kg TQ 

Figure 3. Average ATR-FTIR spectra of cerebellum tissues 
belonging to control (black), 10 mg/kg TQ treatment (blue) 
and 20 mg/kg TQ treatment (red) rat groups in 3800-2800 
cm-1 wavenumber region (The spectrum was normalized to 
CH2 sym stretch, band at 2852 cm-1).

 

 

 

 

 

Figure 4. ATR-FTIR first and second derivative spectra of the 
control cerebellum tissue between 3100-2800 cm-1 spectral 
region, showing olefinic band at 3011 cm-1 labelled with an 
arrow.
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total protein amount in the TQ-treated groups compared with 
the control group as can be seen from Figure 6A.

Bands at 1238 cm-1 and 1080 cm-1 in the spectra of cere-
bellum tissues come from the absorbance of P=O bonds of 
phosphate (PO2

-) groups in nucleic acids/phospholipids (25). 
The nucleic acid contents were measured by taking the band 
area’s ratio of phosphate anti-sym stretching (1238 cm-1) + 
phosphate sym stretching (1081 cm-1) to amide I + amide II 
(19). The nucleic acid content was decreased in the 10 mg/
kg TQ treatment group, while increased in the 20 mg/kg TQ 

treatment group in comparison with the control (Table 2, Fig-
ure 2E and Figure 7). 

The effects of two different doses of TQ treatment on the total 
antioxidant capacity of cerebellum tissues were also evaluated 
in the present study. The total antioxidant capacity was found 
to be significantly increased in the cerebellum tissues of the 10 
mg/kg TQ treatment group with a slight increase in the 20 mg/
kg TQ treatment group compared to the control (Figure 6B).

In summary , the 10 mg/kg TQ treatment caused significant al-
teration in the composition of cerebellum tissue lipids, proteins 
and nucleic acids besides increasing the total antioxidant ca-
pacity of the tissue. Moreover, the 20 mg/kg TQ treatment did 
not cause any significant changes in the biomolecular compo-
sition of cerebellum tissue and its antioxidant capacity.

DISCUSSION

The cerebellum, which is responsible for the motor coordina-
tion and the balance of the body, was also found to be signif-
icant in the formation of neurodegenerative diseases by an 
alteration in its structure and function (10). TQ was reported 
to have neuroprotective effects in neurological disorders by its 
role in oxidative stress and inflammation processes (1). How-
ever, dose-dependent effects of TQ on the molecular structure 
and function of cerebellum tissue is still unclear. In the current 
study, the possible effects of two distinct doses of TQ treatment 
on the molecular composition, structure and the total antiox-
idant capacity of cerebellum tissue were studied by ATR-FTIR 
spectroscopy and biochemical techniques.

Protein, lipid and nucleic acid composition of tissues with the 
degree of saturation/unsaturation of tissue lipids might be 
accepted as the basic parameters for the analysis of structure 

Figure 5. Average ATR-FTIR spectra of cerebellum tissues 
belonging to control (black), 10 mg/kg TQ treatment (blue) 
and 20 mg/kg TQ treatment (red) rat groups in 1800-900 
cm-1 wavenumber region (The spectrum was normalized to 
amide II at 1544 cm-1).

 

Figure 6. The total protein content (A) and total antioxidant 
capacity (B) of control, 10 mg/kg TQ treatment and 20 mg/
kg TQ treatment groups. The significance compared to the 
control is indicated with a star symbol (*). *: p≤0.05; **: p≤0.01
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10 mg/kg TQ 

20 mg/kg TQ 

Figure 7. Average ATR-FTIR spectra of the cerebellum tissues 
belonging to control (black), 10 mg/kg TQ treatment (blue) 
and 20 mg/kg TQ treatment (red) rat groups in 1300-1000 
cm-1 wavenumber region (The spectrum was normalized to 
phosphate sym stretch. band at 1081 cm-1).
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and function of the tissues. Since they are related to the proper 
functioning of the tissues, they could indirectly show the disor-
der/disease state of the tissue. 

The total lipid content of cerebellum tissue belonging to the 
10 mg/kg rat group was significantly increased compared with 
the control group, though there was no change in the 20 mg/
kg treated group. Elevated serum levels of total cholesterol, low 
density lipoprotein (LDL) and triglyceride (TG) with less high 
density lipoprotein (HDL) level is known as hyperlipidemia. The 
condition of hyperlipidemia is found to be related to neurode-
generative diseases including Alzheimer’s disease (26). In our 
study, the increase in total lipid content in the 10 mg/kg treat-
ed group might be mainly due to the increase levels of HDL 
which has antioxidant properties besides anti-inflammatory 
features. It was reported that HDL induce the production of M2 
polarized macrophages reducing inflammation in the brain tis-
sue (27). The increase in HDL level was also associated with the 
improvement of cognitive function in aging and also in neuro-
degenerative diseases (28).

The band area’s ratio of the olefinic to total lipid which pro-
vides information about unsaturated lipid content, is utilized 
as an indicator of lipid peroxidation (19). A significant in-
crease in unsaturated lipid content in the 10 mg/kg TQ group 
compared to the control group was observed in the present 
study. The study showed that unsaturated fatty acids de-
crease inflammatory responses, saturated fatty acid-induced 
cytotoxicity, and ROS production in various models of brain 
damage and neurodegenerative diseases (29). Moreover, to-
tal antioxidant capacity of cerebellum tissues of rats treated 
with 10 mg/kg TQ was significantly increased when compared 
with the control according to the present study’s results. This 
implies that 10 mg/kg TQ improves cerebellar antioxidant ca-
pacity which is important for protection against the oxidative 
stress, accumulation of ROS in the brain and, as a result, for-
mation of neurodegenerative diseases. In previous studies in 
the literature, it was reported that 15 mg/kg TQ treatment for 
3 days increased heart and brain total antioxidant capacity in 
prilocaine (a local anaesthetic)-treated rats with a decrease 
in ROS formation in different parts of the brain including 
cerebellum and cerebral cortex (30). In the study of Alrafiah 
(1), rats were fed with HFD with the supplementation of 300 
mg/kg for 4 weeks duration. It was reported that malondial-
dehyde as an indicator of lipid peroxidation was elevated in 
the HFD group while it was reduced when it was supported 
with TQ. The improvement in the levels of antioxidant en-
zymes with the supplementation of TQ was also reported in 
the same study (1). It was concluded that TQ treatment can 
reduce the neural damage with the inflammation induced by 
HFD by increasing the antioxidant enzyme levels in those rats. 
The other studies in the literature also reported neuroprotec-
tive and neuromodulatory effects of TQ between 2.5-10 mg/
kg doses in the brain tissue (5, 31, 32). 

According to the results of the current study, 10 mg/kg TQ 
treatment induces significant changes in the saturated and 

unsaturated lipid content with an increased total antioxidant 
capacity of cerebellum tissue while 20 mg/kg TQ treatment did 
not cause a significant change in those parameters.

Total protein content which was calculated in both FTIR study 
and Bradford assay, was significantly and slightly increased in 
the 10 mg/kg and 20 mg/kg TQ treatment groups compared to 
the control, respectively. This increase may be due to the induc-
tion of the levels of antioxidant enzymes and other proteins 
that have antioxidant property in the cerebellum tissue since 
increased total antioxidant capacity can arise from an increase 
into the system of any molecule with antioxidant properties. In-
creased levels of brain glutathione and superoxide dismutase 
with the treatment of TQ were reported in the study of Alrafiah 
(1).

The nucleic acid content of cerebellum tissue was affected in 
opposite ways in different doses of TQ treatment. There was a 
slight decrease in the 10 mg/kg TQ treatment group conversely 
with a slight increase in the 20 mg/kg TQ treatment rat group 
in comparison to the control. High levels of nucleic acids in the 
blood were reported in different states including ageing and 
age-related neurodegenerative disorders, inflammatory condi-
tions, and autoimmune diseases. This high level of nucleic acids 
can interact with the misfolded proteins causing protein mis-
folding disorders (PMDs) e.g. Alzheimer’s disease, prion diseas-
es or Parkinson disease (33). Although the decrease in nucleic 
acid content of cerebellum in the 10 mg/kg TQ treatment rat 
group may be the part of the antioxidant system induced by 
TQ, both the increase and decrease of this content were not 
much to boast about. 

According to the previous study, 20 mg/kg TQ can be accepted 
as a high dose for female rats when given by intraperitoneal 
injection (34). In the study of Abukhader, it was reported that 
males and females can tolerate 22.5 mg/kg and 15 mg/kg re-
spectively (34). However, both can tolerate 250 mg/kg TQ when 
given by intragastric intubation because of the elimination of 
it in the digestive tract (34). Since 20 mg/kg TQ dose is a higher 
dose for female rats to be tolerated, the improvement effect of 
10 mg/kg could not be seen in those rat groups. Besides that, 
it is not a toxic dose and there was no toxic effect on the cere-
bellum tissues of rats.

In conclusion, 10 mg/kg TQ treatment improves the saturated 
and unsaturated lipid, protein and nucleic acid content besides 
decreasing lipid peroxidation and increasing the total antiox-
idant capacity of cerebellum tissues. However, 20 mg/kg TQ 
treatment did not show any significant effect on the molecular 
composition or the antioxidant capacity of cerebellum tissues. 
Moreover, ATR-FTIR spectroscopy is a rapid, sensitive, non-inva-
sive method to detect the molecular and compositional alter-
ations in the tissues in disease states and/or supplementation 
as a part of traditional medicine.
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of three to a maximum of six keywords for subject indexing at the 
end of the abstract. The keywords should be listed in full without 
abbreviations. The keywords should be selected from the National 
Library of Medicine, Medical Subject Headings database (https://
www.nlm.nih.gov/mesh/MBrowser.html).
 
Manuscript Types
Original Articles: This is the most important type of article since it 
provides new information based on original research. The main text 
of original articles should be structured with Introduction, Material 
and Method, Results, and Discussion subheadings. Please check Ta-
ble 1 for the limitations for Original Articles.

Statistical analysis to support conclusions is usually necessary. Statis-
tical analyses must be conducted in accordance with international 
statistical reporting standards (Altman DG, Gore SM, Gardner MJ, 
Pocock SJ. Statistical guidelines for contributors to medical jour-
nals. Br Med J 1983: 7; 1489-93). Information on statistical analyses 
should be provided with a separate subheading under the Materi-
als and Methods section and the statistical software that was used 
during the process must be specified.
 
Units should be prepared in accordance with the International Sys-
tem of Units (SI).
 
Editorial Comments: Editorial comments aim to provide a brief criti-
cal commentary by reviewers with expertise or with high reputation 
in the topic of the research article published in the journal. Authors 
are selected and invited by the journal to provide such comments. 
Abstract, Keywords, and Tables, Figures, Images, and other media 
are not included.
 
Review Articles: Reviews prepared by authors who have extensive 
knowledge on a particular field and whose scientific background 
has been translated into a high volume of publications with a high 
citation potential are welcomed. These authors may even be invit-
ed by the journal. Reviews should describe, discuss, and evaluate 
the current level of knowledge of a topic in clinical practice and 
should guide future studies. The main text should contain Introduc-
tion, Clinical and Research Consequences, and Conclusion sections. 
Please check Table 1 for the limitations for Review Articles.
 
Case Reports: There is limited space for case reports in the journal 
and reports on rare cases or conditions that constitute challeng-

es in diagnosis and treatment, those offering new therapies or re-
vealing knowledge not included in the literature, and interesting 
and educative case reports are accepted for publication. The text 
should include Introduction, Case Presentation, Discussion, and 
Conclusion subheadings. Please check Table 1 for the limitations 
for Case Reports.
 
Letters to the Editor: This type of manuscript discusses important 
parts, overlooked aspects, or lacking parts of a previously pub-
lished article. Articles on subjects within the scope of the journal 
that might attract the readers’ attention, particularly educative cas-
es, may also be submitted in the form of a “Letter to the Editor.” 
Readers can also present their comments on the published manu-
scripts in the form of a “Letter to the Editor.” Abstract, Keywords, 
and Tables, Figures, Images, and other media should not be includ-
ed. The text should be unstructured. The manuscript that is being 
commented on must be properly cited within this manuscript.

Tables
Tables should be included in the main document, presented after 
the reference list, and they should be numbered consecutively in 
the order they are referred to within the main text. A descriptive 
title must be placed above the tables. Abbreviations used in the 
tables should be defined below the tables by footnotes (even if 
they are defined within the main text). Tables should be created 
using the “insert table” command of the word processing software 
and they should be arranged clearly to provide easy reading. Data 
presented in the tables should not be a repetition of the data pre-
sented within the main text but should be supporting the main text.

Figures and Figure Legends
Figures, graphics, and photographs should be submitted as sep-
arate files (in TIFF or JPEG format) through the submission system. 
The files should not be embedded in a Word document or the main 
document. When there are figure subunits, the subunits should not 
be merged to form a single image. Each subunit should be submit-
ted separately through the submission system. Images should not 
be labeled (a, b, c, etc.) to indicate figure subunits. Thick and thin 
arrows, arrowheads, stars, asterisks, and similar marks can be used 
on the images to support figure legends. Like the rest of the sub-
mission, the figures too should be blind. Any information within 
the images that may indicate an individual or institution should be 
blinded. The minimum resolution of each submitted figure should 
be 300 DPI. To prevent delays in the evaluation process, all submit-
ted figures should be clear in resolution and large in size (minimum 

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit Reference limit Table limit Figure limit
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Review Article 5000 200 50 6 10 or total of 20 images

Case Report 1000 200 15 No tables 10 or total of 20 images

Letter to the Editor 500 No abstract 5 No tables No media
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dimensions: 100 × 100 mm). Figure legends should be listed at the 
end of the main document.
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abbreviation should be provided in parentheses following the defi-
nition.
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All references, tables, and figures should be referred to within the 
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Limitations, drawbacks, and the shortcomings of original articles 
should be mentioned in the Discussion section before the conclu-
sion paragraph.

References

While citing publications, preference should be given to the lat-
est, most up-to-date publications. Authors are responsible for the 
accuracy of references. References should be prepared according 
to Vancouver reference style. If an ahead-of-print publication is cit-
ed, the DOI number should be provided. Journal titles should be 
abbreviated in accordance with the journal abbreviations in Index 
Medicus/ MEDLINE/PubMed. When there are six or fewer authors, 
all authors should be listed. If there are seven or more authors, 
the first six authors should be listed followed by “et al.” In the main 
text of the manuscript, references should be cited using Arabic 
numbers in parentheses. The reference styles for different types of 
publications are presented in the following examples.
 
Journal Article: Rankovic A, Rancic N, Jovanovic M, Ivanović M, Ga-
jović O, Lazić Z, et al. Impact of imaging diagnostics on the budget 
– Are we spending too much? Vojnosanit Pregl 2013; 70: 709-11. 
 
Book Section: Suh KN, Keystone JS. Malaria and babesiosis. Gor-
bach SL, Barlett JG, Blacklow NR, editors. Infectious Diseases. Phila-
delphia: Lippincott Williams; 2004.p.2290-308.
 
Books with a Single Author: Sweetman SC. Martindale the Complete 
Drug Reference. 34th ed. London: Pharmaceutical Press; 2005.
 
Editor(s) as Author: Huizing EH, de Groot JAM, editors. Functional 
reconstructive nasal surgery. Stuttgart-New York: Thieme; 2003.
 
Conference Proceedings: Bengisson S. Sothemin BG. Enforcement 
of data protection, privacy and security in medical informatics. In: 
Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92. 
Proceedings of the 7th World Congress on Medical Informatics; 
1992 Sept 6-10; Geneva, Switzerland. Amsterdam: North-Holland; 
1992. pp.1561-5.

Scientific or Technical Report: Cusick M, Chew EY, Hoogwerf B, 
Agrón E, Wu L, Lindley A, et al. Early Treatment Diabetic Retinopathy 
Study Research Group. Risk factors for renal replacement therapy in 
the Early Treatment Diabetic Retinopathy Study (ETDRS), Early Treat-
ment Diabetic Retinopathy Study Kidney Int: 2004. Report No: 26.
 
Thesis: Yılmaz B. Ankara Üniversitesindeki Öğrencilerin Beslenme 
Durumları, Fiziksel Aktiviteleri ve Beden Kitle İndeksleri Kan Lipidleri 
Arasındaki Ilişkiler. H.Ü. Sağlık Bilimleri Enstitüsü, Doktora Tezi. 2007.
 
Manuscripts Accepted for Publication, Not Published Yet: Slots 
J. The microflora of black stain on human primary teeth. Scand J 
Dent Res. 1974.
 
Epub Ahead of Print Articles: Cai L, Yeh BM, Westphalen AC, Rob-
erts JP, Wang ZJ. Adult living donor liver imaging. Diagn Interv Radiol. 
2016 Feb 24. doi: 10.5152/dir.2016.15323. [Epub ahead of print].
 
Manuscripts Published in Electronic Format: Morse SS. Factors in 
the emergence of infectious diseases. Emerg Infect Dis (serial on-
line) 1995 Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Avail-
able from: URL: http:/ www.cdc.gov/ncidodlElD/cid.htm.
 
REVISIONS
When submitting a revised version of a paper, the author must 
submit a detailed “Response to the reviewers” that states point by 
point how each issue raised by the reviewers has been covered 
and where it can be found (each reviewer’s comment, followed 
by the author’s reply and line numbers where the changes have 
been made) as well as an annotated copy of the main document. 
Revised manuscripts must be submitted within 30 days from the 
date of the decision letter. If the revised version of the manuscript 
is not submitted within the allocated time, the revision option may 
be canceled. If the submitting author(s) believe that additional time 
is required, they should request this extension before the initial 
30-day period is over.
 
Accepted manuscripts are copy-edited for grammar, punctuation, 
and format. Once the publication process of a manuscript is com-
pleted, it is published online on the journal’s webpage as an ahead-
of-print publication before it is included in its scheduled issue. A 
PDF proof of the accepted manuscript is sent to the corresponding 
author and their publication approval is requested within 2 days of 
their receipt of the proof.
 
Editor in Chief: Prof. Bedia Çakmakoğlu
Address: Istanbul University, Aziz Sancar Institute of Experimental 
Medicine, Vakıf Gureba Avenue, 34093, Çapa, Fatih, Istanbul, 
Turkiye 
Phone: +90 212 414 2000-33305
Fax: +90 212 532 4171
E-mail: bedia@istanbul.edu.tr
 
Publisher: Istanbul University Press
Address: Istanbul University Central Campus,
34452 Beyazit, Fatih / Istanbul - Turkiye
Phone: +90 212 440 0000

A-X


