


Journal of Cellular 
Neuroscience and 
Oxidative Stress 

http://dergipark.gov.tr/jcnos 

BSN Health Analyses, Innovation, Consultancy, Organization, Industry 

and Trade Limited Company 

http://www.bsnsaglik.com.tr/ 

info@bsnsaglik.com.tr 

Formerly known as: 

Cell Membranes and Free Radical Research  (2008 - 2014) 

Volume 11, Number 1, 2019 

 [ CONTENTS ]

790 Relationship between some element levels and oxidative stress parameters in rats 
liver treated with hydroxyurea derivative compounds 
Yusuf Karagozoglu, Akif Evren Parlak,  Naci Ömer Alayunt, Semra Turkoglu, 
Isil Yildirim, Mustafa Karatepe 

J Cell Neurosci Oxid Stress 2019; 11 (1) i

http://dergipark.gov.tr/jcnos


 
Volume 11, Number 1, 2019 

E-ISSN Number: 2149-7222 (Online) 
Indexing: Google Scholar, Index Copernicus, Chemical Abstracts, Scopus (Elsevier), 

EBSCOhost Research Database, Citation Index Database, 
 

 
 
 
 
 

 
 
 
 

 
 
 
 
EDITOR IN CHIEF 
Prof. Dr. Mustafa Nazıroğlu,  
Department of Biophysics and Neurosciences, 
Medical Faculty, Suleyman Demirel University,  
Isparta, Turkey. 
Phone: +90 246 211 36 41, Fax:+90 246 237 11 65 
E-mail: mustafanaziroglu@sdu.edu.tr 
 
Managing Editors 
Kenan Yıldızhan and Yener Yazğan  
Department of Biophysics, Medical Faculty,  
Suleyman Demirel University, Isparta, Turkey. 
E-mail: biophysics@sdu.edu.tr 

 
Editorial Board 
Neuronal Membranes, Calcium Signaling and TRP 
Channels 
Alexei Tepikin, University of Liverpool, UK. 
Jose A. Pariente, University of Extremadura,  
Badajoz, Spain. 
James W. Putney, Jr. NIEHS, NC, USA. 
Laszlo Pecze, University of Fribourg, Switzerland. 
Stephan M. Huber, Eberhard-Karls University, 
Tubingen, Germany. 
 
Neuroscience and Cell Signaling 
Denis Rousseau, Joseph Fourier, University,  
Grenoble, France. 
Makoto Tominaga, National Institute for Physiological 
Sciences (NIPS) Okazaki, Japan. 
Ömer Çelik, Süleyman Demirel University, Turkey. 
Ramazan Bal, Gaziantep University, Turkey. 
Saeed Semnanian, Tarbiat Modares University,  
Tehran, Iran. 
Yasuo Mori, Kyoto University, Kyoto, Japan. 
 
Antioxidant and Neuronal Diseases 
Suresh Yenugu, Osmania University, Hyderabad, India. 
Süleyman Kaplan, Ondokuz Mayıs Univesity,  
Samsun, Turkey. 
Özcan Erel, Yıldırım Beyazıt University,  
Ankara, Turkey. 
Xingen G. Lei, Cornell University, Ithaca, NY, USA. 
Valerian E. Kagan, University of Pittsburg,  USA. 

 
Antioxidant Nutrition, Melatonin and Neuroscience 
Ana B. Rodriguez Moratinos, University of 
Extremadura, Badajoz, Spain. 
Cem Ekmekcioglu, University of Vienna, Austria. 
Peter J. Butterworth, King’s College London, UK. 
Sergio Paredes Department of Physiology, Madrid 
Complutense University, Spain. 
 

   
 
 
AIM AND SCOPES 
Journal of Cellular Neuroscience and Oxidative Stress is an 
online journal that publishes original research articles, 
reviews and short reviews on the molecular basis of 
biophysical, physiological and pharmacological 
processes that regulate cellular function, and the control 
or alteration of these processes by the action of receptors, 
neurotransmitters, second messengers, cation, anions, 
drugs or disease. 
 
Areas of particular interest are four topics. They are; 
 
A- Ion Channels (Na+- K+ Channels, Cl– channels, Ca2+ 

channels, ADP-Ribose and metabolism of NAD
+
, Patch- 

Clamp applications) 
 
B- Oxidative Stress (Antioxidant vitamins, antioxidant 
enzymes, metabolism of nitric oxide, oxidative stress, 
biophysics, biochemistry and physiology of free oxygen 
radicals) 
 
C- Interaction Between Oxidative Stress and Ion Channels 
in Neuroscience 
(Effects of the oxidative stress on the activation of the 
voltage sensitive cation channels, effect of ADP-Ribose 
and NAD+ on activation of the cation channels which 
are  sensitive  to  voltage, effect of the oxidative stress 
on activation of the TRP channels in neurodegenerative 
diseases such Parkinson’s and Alzheimer’s diseases) 
 
D- Gene and Oxidative Stress  
(Gene abnormalities. Interaction between gene and free 
radicals. Gene anomalies and iron. Role of radiation and 
cancer on gene  polymorphism) 
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Abstract 
In this study, effects of hydroxyurea derivatives 1, 

3, 4 - thiadiazole and schiff base compounds on some 
element levels and antioxidant enzyme activities in rat 
liver and on antioxidant enzyme levels that are 
parameters of oxidative stress were investigated. 

 
 
 
 
 
 

 
 
 
 

For this purpose, iron (Fe), zinc (Zn) and copper (Cu) 
concentrations were analyzed by using atomic 
absorption spectroscopy superoxide dismutase (SOD) 
and catalase (CAT) activities were measured by using a 
UV spectrophotometer. Fe, Zn and Cu concentrations in 
the liver of rats treated with these compounds were 
compared with levels of SOD and CAT statistically. As 
a result, the increase in the antioxidant activities of SOD 
and CAT metalloenzymes together with decrease in 
levels of Cu, Zn and Fe elements observed may suggest 
that the elements be bound to these enzymes. 

Keywords: Some element, oxidative stress, rat, liver, 
hydroxyurea 
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Introduction 
Thiadiazole derivatives are used as therapeutic in 

many diseases due to their antifungal (Kikelj and Urleb 
2002), antiviral (Kritsanida et al. 1993), antibacterial 
(Amorim et al. 1992), anticonvulsant (De Lima et al. 
1994), antimicrobial and anti-inflammatory (Kadi et al. 
2007), properties. Thiadiazole derivatives are also said 
to show antithyroid activity (Jackson et al. 2007). It was 
determined that some thiadiazole derivatives (2, 2-bis-
1,3,4-thiadiazole) showed antitumor and 
immunosuppressive activities against leukemia types 
such as L1210 leukemia 6C3HED/OG 
lymphosarcomata, C1498 myeloid leukemia, Ehrlich 
carcinoma, sarcoma 180, B16 melanoma and X5563 
myeloma in BALB/3T3 rats applied in vivo (Matsumoto 
et al. 1974, Stewart et al. 1986). In particular, N-
substitute 2-amino-1,3,4-thiadiazole derivatives were 
examined in terms of showing antiproliferative activity 
(Borras et al. 1996). It was observed in in vivo studies 
that thiadiazole ligands inhibited carbonic anhydrase 
enzyme (CA, EC 4.2.1.1) (Devasagayam et al. 1983). It 
is also indicated that it exhibits antioxidative activity by 
inhibiting lipid peroxidation (Yoshikawa et al. 2000) 
and protein oxidation (Oner et al. 2005). It is indicated 
that schiff bases and metal complexes have antitumor 
(Yang et al. 2000), antiviral (Das et al. 1999), 
antimicrobial (Fioravanti et al. 1996), antineoplastic 
properties (Sur et al. 1990). In addition, it was reported 
that, when high dose of schiff base derivative Cd (II) 
metal complex containing thiosemicarbazone derivative 
was injected to rats, Cd (II) metal complex created 
oxidative stress and on the other hand, damage occurred 
in testicular tissue (Karatepe and Karatas 2006). In 
another study, it was reported that schiff base derivative 
did not affect antioxidant parameters of synthesized 
ligand, and Cu (II) complex and Cd (II) complex 
behaved like antioxidants. It was also reported that Zn 
(II) complex did not create any oxidative stress, but 
acted like an antioxidant, and did not result in any 
damages in liver, kidney and adrenal tissues 
(Varvaresou et al. 2000). 

In this study, the objective was to determine 
effects of hydroxyurea derivative 1, 3, 4- thiadiazole 
and schiff base compounds, known to have many 
biologic activities, on activities of antioxidant enzymes 
in rat liver tissues including superoxide dismutase 
(SOD), catalase (CAT) and element concentrations (Fe, 

Zn and Cu).   
 
Materials and Methods 
Experimental protocol 
In the research, a total of 84 adult Wistar male rats 

that were 12-14-week-old with average weight of 250 g 
and grown in Experimental Research Center, Faculty of 
Medicine, Fırat University (FÜTDAM) were used as 
animal material. Rats were kept in room temperature 
under light for 12 hours and under dark for 12 hours. 
Rats were given feed and water as much as requested. 
The experimental protocol was approved (protocol 
number: 2008/255 and date of approve: 04.07.2008) by 
the Ethical Committee of Animal Experiments, Fırat 
University. The study was conducted in accordance with 
ethical rules. Since thiadiazole complexes dissolve in 
dimethylsulphoxide (DMSO), it was diluted with maize 
oil in a way to keep the amount of DMSO under 10% 
(Cesur et al. 2002). Animal were divided into 1 control 
and 4 practice groups containing 7 animals in each 
group for hydroxyurea derivative 1,3,4-thiadiazole 
compounds, and they were divided into 1 control and 6 
practice groups for hydroxyurea derivative schiff base 
compounds. Control group was injected with DMSO 
only diluted with maize oil. Ligand and other metal 
complex groups were injected subcutaneously with 0,5 
ml DMSO in a way to achieve 25 mg/kg every three 
days for a period of 15 days. 

 
Chemical compounds 
Structure of hydroxyurea derivative 1, 3, 4 - 

thiadiazole (Figure 1) and schiff base (Figure 2) 
compounds that are used in applications and 
characterized by pre-synthesizing are presented below 
(Çetin et al. 2006, Turan and Sekerci 2009, Adıguzel et 
al. 2011, Esener et al. 2011). 

 
Analysis of antioxidant enzymes and lipid 
peroxidation 

Preparation of tissue homogenization 
Tissue samples were weighed, potassium chloride 

(KCl) of 3 times the weight per gram was added on the 
tissue inside the glass tube. After homogenizing the 
tissues with homogenizer, it was centrifuged for 60 
minutes by 4000 cycles per minute. In the study, the 
clear supernatant portion of the homogenized tissue 
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above was taken, its protein values were measured, and the results were given per protein. 

Figure 1. Chemical structure of hydroxurea derivative 1,3,4-thiadiazole and its complexes 

Figure 2. Chemical structure of hydroxyurea derivative schiff base and its complexes 
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Superoxide dismutase (SOD) assay 
The method was adopted for the determination of 

SOD, which operates by detecting O2-• by oxidation of 
hydroxylamine HCl to 2 nitrites. The measurement of 
the colored product resulted at 560 nm calorimetrically. 
100 μl of 5% liver homogenate in 0.2 M sucrose was 
included in 1 mL of sodium carbonate, 0.4 mL of nitro 
blue tetrazolium (NBT) and 0.2 ml of EDTA and zero-
minute reading was determined at 560 nm. 0.4 ml of 
hydroxylamine (1 mM) was included in the reaction 
mixture, following the incubation for 5 min at 25°C, the 
colored product acquired was measured to be at 560 nm 
by using Schimadzu UV 1201 version 
spectrophotometer colorimetrically. SOD activity was 
determined in units/mg protein as the quantity of protein 
in 1000 μl of 5% liver homogenate that prevented the 
reduction of 24 mM NBT by 50%. SOD was measured 
using the SOD assay kit provided by Randox company 
(Ransod SD125, Elazig, Turkey).  (Muradian et al. 
2002). 

 
Catalase (CAT) assay 
The method was adopted in order to determine the 

decomposition of hydrogen peroxide by tissue catalase. 
100 μL of 5% liver homogenate in 0.15 M KCl was 
included in 1.9 mL of phosphate buffer (0.25 M, pH 7) 
and the absorbance level was measured to be 240 nm. 1 
mL of hydrogen peroxide solution (0.34 mL of 30% 
H2O2 in 100 mL distilled water) was included in the 2:2 
reaction mixture and the absorbance level was 
determined after 1 min at 240 nm by using Schimadzu 
UV 1201 version spectrophotometer during shattering 
of H2O2 into H2O and O2 with catalase enzyme. The 
activity of catalase was indicated as U/mg of protein. 1 
international unit of CAT equals to the amount that 
catalyzes 1 mM of H2O2 per minute at 37°C (Sinha 
1972). 

 
Analysis of trace elements 
On 0.1 grams weighed tissue samples, 1.5 ml of 

mixed nitric acid was placed, then it remained in the 
incubator at 100 °C around 2 hours until half of the total 
volume was left. 1.5 ml of concentrated perchloric acid 
was added to the tubes, which were expected to be 
removed from the incubator and cooled at room 
temperature. After the samples were left again in the 
incubator for approximately 2 hours until half of the 

total volume was left, the total volume of the sample in 
the cooled tubes was filled with distilled water up to a 
specific ml. After mixing process, the levels of iron, 
zinc and copper in these tissues (ATI-UNICAM 929 
Model) were measured by an atomic absorption 
spectrophotometer device (Brown and Taylor 1985, 
Aydemir et al. 2006, Ölçücü and Çağlar 1993) 

 
Statistical analysis 
Experimental data was analyzed using SPSS 15.0 

statistical package program, and the results were 
presented as mean value ± standard deviation. The 
degree of significance among differences among group 
averages were revealed with analysis of variance 
(ANOVA) and Duncan multiple comparison test. 
P<0.05 values for statistical results found were 
considered significant. 

 
Results 
There was no statistically significant change in all 

application groups according to the control in the Fe, Zn 
and Cu element levels of rats treated with some 
compounds of hydroxyurea derivative 1, 3, 4-
thiadiazole and schiff (p > 0.05) (Table 1 and 2). There 
was not a statistically significant decreased or increased 
values in the levels of Fe, Zn and Cu between the 
control and the other application groups. A statistically 
significant change was not detected in all application 
groups according to the CAT activity values in rat livers 
treated with hydroxyurea derivative 1,3,4-thiadiazole 
compounds (p>0.05). On the other hand, a statistically 
significant increase was found in SOD activity values, 
(p<0.05) (Figure 3). In the CAT activity values in rat 
livers treated with some hydroxyurea derivative schiff 
based compounds, there was no statistically significant 
change in the application groups compared to the 
control group (p>0.05). In contrast, a statistically 
significant increase was found in the SOD activity 
(p<0.05) (Figure 4). 
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Table 1. Superoxide dismutase (SOD), catalase (CAT) activities, iron (Fe), copper (Cu) and zinc (Zn) 
concentrations in liver of rats with treated hydroxyurea derivative 1, 3, 4 - thiadiazole compounds. (Mean ± 
SD). Each mean represents analyses of five independent samples (a, b, c, d) Variation in the following letters 
between samples indicates significant of difference by Duncan’s test at 5% level (p<0.05). P: Statistical 
values.  L:Ligand 
 
 

Table 2. Superoxide dismutase (SOD), catalase (CAT) activities, iron (Fe), copper (Cu) and zinc (Zn) 
concentrations in liver of rats with treated hydroxyurea derivative schiff base compounds. (Mean ± SD). Each 
mean represents analyses of five independent samples (a, b, c, d, e and f) Variation in the following letters 
between samples indicates significant of difference by Duncan’s test at 5% level (p<0.05). P: Statistical 
values. L:Ligand 
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Figure 3. Superoxide dismutase (SOD) and catalase (CAT) 
activities in liver of rats with treated hydroxyurea derivative 1, 
3, 4 - thiadiazole compounds (mean ± SD and n=7). Each 
mean represents analyses of five independent samples (a, b, c, 
d) Variation in the following letters between samples indicates 
significant of difference by Duncan’s test at 5% level 
(p<0.05). P: Statistical values.  L:Ligand. 
 

 

Figure 4. Superoxide dismutase (SOD) and catalase (CAT) 
activities in liver of rats with treated hydroxyurea derivative 
schiff base compounds. (mean ± SD and n=7). Each mean 
represents analyses of five independent samples (a, b, c, d, e 
and f) Variation in the following letters between samples 
indicates significant of difference by Duncan’s test at 5% level 
(p<0.05). P: Statistical values. L:Ligand 
 

Discussion 
Hydrogen peroxide forming with the reaction in 

which SOD catalyzes superoxide radical (O2.-) to 
hydrogen peroxide (H2O2) and molecular oxygen (O2) is 
eliminated from the medium with CAT or glutathione 
peroxidase (G-Px) enzymatic antioxidants (Young and 
Woodside 2001). Hydrogen peroxide in non-radicalic 
characteristic results in formation of hydroxyl radical 
(OH) which is the most reactive among free radicals 
with Fenton reaction under catalyst of Fe and Cu metal 
ions (Cheung et al. 2001, Larson 1988). Hydrogen 

peroxide is expelled from medium by degrading to 
water with G-Px and fragmenting into water and oxygen 
with CAT enzyme (Sen and Chakraborty 2011, Reiter et 
al. 1995).                       

While Cu and Zn regarded as important trace 
elements are required for activity of SOD enzyme, Fe 
element has also effects on antioxidant system by 
joining the structure of CAT enzyme (Steinkühler et al. 
1991). Besides, Fe and Cu redox active materials initiate 
radicalic reactions by locking on DNA and RNA; thus, 
these reactions result in damaging nucleic acids. There 
are study results available reporting that Fe and Cu 
redox active transition metals increase oxidative damage 
or result in antioxidant defense in their absence (Nasr et 
al. 2002, Chan et al. 1999, Ashour et al. 1999).    

In a study brought about by Parlak et al. (2018) 
investigated effects of hydroxyurea derivative 1,3,4 - 
thiadiazoles on fatty acids and lipophilic vitamins in rats 
liver. In this study, it was indicated that, while amounts 
of oleic acid (18: 1, n-9) and monounsaturated fatty 
acids (MUFA) increased significantly in Mn complex 
group compared to the control group, arachidonic acid 
amount (20: 4, n-6) in ligand group increased 
significantly, in addition, α-tocopherol amounts and K2 
and D3 vitamins increased significantly in all groups 
compared to the control group, increases of α-
tocopherol amounts in both Mn and Cr complex groups 
were found closer to each other compared to the control 
group, and retinol amount in Mn complex group was 
lower compared to other groups.  In a similar study 
brought about by Turkoglu et al. (2014) investigated 
effects of hydroxyurea derivative schiff base 
compounds on fatty acids and lipophilic vitamins in rat 
liver and it was indicated that, when compared with the 
control group, while amounts of monounsaturated fatty 
acids (MUFA) decreased significantly in Mn, Ni and Zn 
complex groups, amount of linoleic acid (18:3) and 
eicosatrienoic acid (20:3) increased significantly, 
besides, amounts of K2 and D2 vitamins increased 
significantly in Mn and Ni groups compared to the 
control group, and increase in α-tocopherol amounts in 
both Ni and Co complex groups were found closer to 
each other compared to control group. In another study 
in which antioxidant and antitumor effects of these 
complex compounds were examined, it was reported 
that, while there was too much decrease in antioxidant 
vitamin A and E levels in rat serums in the group 
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applied with Cd complex compared to other groups, 
again this complex exhibited the highest antitumor 
activity against MCF-7 breast cancer cells (Karagozoglu 
et al. 2015).                                       

In studies conducted with both hydroxyurea 
derivative 1,3,4-thiadiazole and schiff base compounds, 
the fact that SOD enzyme activity is high in practice 
groups and free radical production of liver tissue 
increases may be an indicator of lipid peroxidation. It 
can be said that CAT enzyme offers protective effect 
depending upon increase in level, however, increase in 
SOD enzyme activity is an indicator of high amount of 
superoxide radical in the medium ( Karagozoglu et al. 
2013, Parlak et al. 2017).  

The increase in SOD and CAT activities suggests 
that superoxide radicals in environment are transformed 
into hydrogen peroxides, and hydrogen peroxides are 
transformed into water molecules. There may be many 
reasons for the increase of hydroxyl radical; hydrogen 
peroxide, which accumulate in the environment, are 
reduced by transition metals such as Fe and Cu, or react 
with superoxides to form hydroxyl radicals. As a result, 
the increase in the antioxidant activities of SOD and 
CAT metalloenzymes together with decrease in levels 
of Cu, Zn and Fe elements observed may suggest that 
the elements be bound to these enzymes. In this regard, 
more extensive research is needed to determine the 
exact role of antioxidant enzymes and the elements in 
the formation of oxidative damage.  
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