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Comparison of Malondialdehyde and Reduced Glutathione in Some Rat Tissues

in Hypoxia and Obesity

Hipoksi ve Obezite Olgusunda Malondialdehit ve Indirgenmis Glutatyon'un Bazi Sigan

Dokularinda Karsilagtirilmasi

Meral Dag

Inonu University, Medical Faculty, Turgut Ozal Medical Center, Battalgazi/Malatya, Tiirkiye

ABSTRACT

Objective: Obesity is an important global public health problem that is associated with many chronic diseases
and is increasing day by day in our country as well as in the world. The aim of this study is to compare
malondialdehyde (MDA) and reduced glutathione (GSH) in some rat tissues due to obesity and hypoxia.
Material and Method: In our study 24 male Sprague Dawley rats were used. Rats were divided into four groups
(n:6) as standard diet/normal oxygen, standard diet/low oxygen, high-fat diet/normal oxygen, and high-fat diet/
low oxygen. For the study, a special cage with low oxygen level of 17-18% in the closed system was used. Weight
gain of 20-25% was achieved in obese rats. MDA and GSH levels were measured in liver, kidney and brain organ
tissues of rats.

Results: In our study it was determined that there were significant increases in the amount of MDA and GSH. It
was observed that MDA and GSH had a protective effect against hypoxia and obesity in liver and brain tissue,
but not in kidney tissue.

Conclusion: As a result of our research we think that MDA and GSH may support the current criteria in the
diagnosis and/or treatment of obesity and will contribute greatly to more comprehensive analyzes to be made in
the future.

OZET

Amag: Obezite, giiniimiizde bir¢ok kronik hastaliklarla baglantili olup diinyada goriildiigii gibi iilkemizde de giin
gectikge artan, onemli kiiresel halk sagligi problemidir. Bu arastirmanin amaci obezite ve hipoksiye bagli olarak
malondialdehit (MDA) ve indirgenmis glutatyon (GSH) 'un bazi si¢an dokularinda karsilastirilmasidir.

Gereg ve Yontem: Calismamizda 24 adet Sprague Dawley cinsi erkek sigan kullanilmistir. Siganlar standart
diyet/normal oksijen, standart diyet/diisiik oksijen, yiiksek yagl diyet/normal oksijen ve yiiksek yagl diyet/diisiik
oksijen olmak iizere dort gruba (n:6) ayrildi. Calisma icin kapali sistemde oksijen seviyesi diisiik %17-18 olan
ozel kafes kullanilmistir. Obez si¢anlarda %20-25 agirlik artisi saglanmistir. Sicanlarin karaciger, bobrek ve
beyin organ dokularinda MDA ve GSH seviyeleri él¢iilmiistiir.

Bulgular: Calismamizda MDA ve GSH miktart agisindan anlaml artislarin oldugu saptanmisti:. MDA ve
GSH'in karaciger ile beyin dokusunda hipoksi ve obeziteye karsi koruyucu etkisi olurken, bobrek dokusunda
olmadig goriilmiistiir.

Sonuc¢: Arastrmamiz sonucu MDA ve GSH'in obezitenin tam ve/veya tedavisinde mevcut kriterlere destek
saglayabilir olabilecegi ve gelecekte yapilacak olan daha genis kapsamli analizlere biiyiik olgiide katk
saglayacag diisiincesindeyiz.
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Hypoxia is a condition of the body where the arterial
oxygen concentration is less than normal and is caused
by inflammation, sepsis, hypertension, and also causes the
release of hypoxia-inducible factor 1 (HIF-1) (1, 2).

Obesity is a chronic metabolic disease that results from
inequality between energy intake and expenditure.
Increased fat and lipid density feature is observed in
the blood. One of the most important reasons for the
development of obesity is lack of physical activity (3-5).
In a study it was seen that the share of physical activity
insufficiency in the onset of obesity is very important
(67.5%) (3). Obesity has reached epidemic proportions,

Correspondence: Meral DAG. Altin Kayis1 Bulvari Ege Evleri Kordon 1 Sitesi No: 25/13, Yesilyurt/Malatya/Tiirkiye

E-Mail: meraldag27@gmail.com

Cite as: Dag M. Comparison of Malondialdehyde and Reduced Glutathione in Some Rat Tissues in Hypoxia and Obesity. Phnx

Med J. 2022:4(2):67-71.

Received: 25.03.2022 Accepted: 26.05.2022

contributing greatly to the global burden of some chronic
diseases. Epidemiological studies have highlighted a tight
link between excess fat deposition and oxidative stress
(6, 7). Fat accumulation has also been recognized as a
source of oxidative stress (8). Some studies suggest that
oxidative stress may be a prerequisite for adipogenesis.
It has been found that there is rise in the level of reactive
oxygen species (ROS) during adipogenesis (9). Obesity is
a very factor with syndromic and nonsyndromic variants.
In 2011-2014 the prevalence of obesity was 36% among
adults in the United States (10). Between 2015 and
2016, the prevalence of obesity in the United States was
39.8% among adults and 18.5% among teenagers. The
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prevalence of obesity was higher among adults aged 40-59
years than adults aged 20-39 years overall and in both men
and women (11). Obesity type II diabetes, hypertension,
coronary heart disease, stroke, oiled liver, dementia,
obstructive sleep apnea and a risk factor for metabolic
disorderliness and illness that significantly increase the
risk of developing various cancer species. As a result of
studies it is estimated that the average life expectancy will
decrease as a result of such diseases (12-15). In general
the amount of fat in the body is determined using the body
mass index (BMI) and calculation is made by body weight
(kg/m?) (16). There are approximately 300 million obese
people all over the world and this number is increasing
gradually (17).

The adipose tissue is a very active endocrine organ
secreted by a series of biologically active molecules called
adipokines. The dysfunction of the adipose tissue is one
of the primary flaws of obesity. The bad corrupt adipose
tissue function is characterized by an atherogenic adipokin
structure and proinflammatory secretion (14). Oxidative
stress occurs with the increase of free radicals and reactive
oxygen radicals and causes severe damage to biological
macromolecules and causes disorders in metabolism and
physiology. Cells manage to maintain their vital functions
against oxidative damage with the help of a system.
This system contains glutathione peroxidase (GSHPx),
superoxide dismutase (SOD), catalase (CAT), glutathione
reductase (GR), some trace elements and vitamins A, E,
C which counter oxidative damage. Recent studies have
shown that superoxide formation is enhanced in obesity
related disorders and SOD is inhibited by nonenzymatic
glycation and furthermore hyperlipidemia increases
endothelial superoxide production. Therefore superoxides
are thought to play a key role in the physiopathology of
the cardiovascular and metabolic effects of obesity (18).
MDA resulting from lipid peroxidation is an indicator
of oxidative stress in tissues and cells. Lipid peroxidase
is a derivative enzyme of the unsaturated fatty acid that
emerged as a result of dissipating complex components
(19). Due to the relatively short half lives of free radicals
level detection is difficult (20).

GSH is an endogenous peptide that can be synthesized
in the liver without the need for genetic data, consists
of glutamic acid, cysteine and glycine amino acids and
is an significant water soluble antioxidant. GSH plays
a vital role in cells so that enzymes and other cellular
components are not kept in a reduced state. Glutathion
in very loud concentrations in many cells protects
biological membranes opposite lipid peroxidation. GSH
is mostly synthesized in the liver and approximately
40% is excreted in bile (21-23). Free radicals react with
peroxidase to defend cells against oxidative damage (24).
ROS’s potentially deleterious impacts are controlled by the
cellular antioxidant defense system. GSH is an significant
component of intracellular preventive mechanisms
opposite many deleterious stimuli, including oxidative
stress (25).

The aim of our study is to research the effectiveness of
MDA and GSH enzyme changes in the diagnosis and
treatment stages, in addition to the criteria valid in the
evaluation of obesity.
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MATERIAL AND METHOD

Rats Used in the Study

5 month old male Sprague Dawley rats were used in the
study. Rats were housed in special lattices for 12 clock
in light/dark, ventilated room temperature at 24°C. Rats
other than the obesity group were given standard diet and
water, and the group in which obesity was desired was
given high-fat diet and water. Obese rats were fed a high
fat diet for 23 weeks. Weight gain of 20-25% was achieved
in obese rats. Their average weights varied between 450-
534 grams (g). Animal rights are protected in line with
the principles of the ‘Guide for the Care and Use Guide
of Laboratory Animals’ (ethics committee no: 2015/86).

Table 1: Rat groups used in the study, their numbers and
nutritional content

1. Group (n:6)
2. Group (n:6)
3. Group (n:6)
4. Group (n:6)

Standard Diet/Normal PO2 (SD/NO2)
Standard Diet/ Low PO2 (SD/LO2)
High Fat Diet/Normal PO2 (HFD/NO2)
High Fat Diet/Low PO2 (HFD/LO2)

Retrieval of Tissues

A mixture of 1500 pl/kg ketamine and 500 pl/kg xylazine
was administered intramuscularly (i.m.) as anesthetic
agent. The abdomen of the anesthetic administered rats
was cut, the thorax was opened and the vena cava vessels
were cut. The perfusion process was completed by
injecting 5 ml of saline into the right and left ventricles
of the heart.

Collection and Homogenization of Working Tissues (liver,
kidney and brain)

Each rat used in the experiment was euthanized by
perfusion and removing the rat’s heart. All liver, kidney
and brain tissue were taken. It was reperfused with
physiological saline and wrapped in labeled aluminum
foils. Tissues were placed in liquid nitrogen immediately
after collection. After the dissection procedures were
completed, the tissues were removed from liquid nitrogen
and stored at -40 °C.

The homogenization process was carried out quickly
and rapidly in ice. The tissues were cut with a scalpel,
weighed on a precision balance (ATX224) and taken
into glass tubes with buffer solution. 4500 pl of 0.2 M
pH: 7.2-7.6 phosphate buffer was added to 0.5 g tissue.
Tissues were sonicated on ice for 30 to 60 seconds with an
ultrasonicator (BANDELIN SONOPLUS). These tissues
were centrifuged (MicroCL 21 centrifuge), separated
into supernatant and homogenate parts, placed in 1000 pl
eppendorf tubes and stored at -40 °C.

Measurement of MDA Amount: According to the method
of Uchiyama etal. it was determined by spectrophotometric
measurement of the supernatant extracted from the
N-butanol phase of the pink colored product formed by
the reaction of MDA with thiobarbituric acid at 95 °C at
520 and 535 nm wavelengths (26).

Measurement of GSH Amount: GSH analysis was
performed according to the method described by Ellman.
The amount of reduced glutathione was determined
by the reaction of the glutathione in the analysis tube
with 5,5’-dithiobis 2-nitrobenzoic acid to give a yellow
greenish color and by measuring the light intensity of this
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Figure 1: Amounts of MDA (mmol) in rat liver tissue.
The differences between different letters in the pillars are
statistically important. Results are given as +SE.
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Figure 3: Amounts of MDA (mmol) in rat brain tissue.
The differences between different letters in the pillars are
statistically important. Results are given as +SE.
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Figure 5: GSH amounts (umol/L) in rat kidney tissue.
The differences between different letters in the pillars are
statistically important. Results are given as +SE.

color at a wavelength of 410 nm spectrophotometrically
(27).

Statistical Analysis

Statistical evaluations were made with SPSS for Windows
Version 15.0 package program. Data for measurable
variables are given as mean = standard error. The tukey
test method was used to determine the differences between
the groups. The value found was evaluated at the 5%
significance level (95% confidence interval, p<0.05).
RESULTS

In all working groups; In liver, kidney and brain, MDA
was determined by Uchiyama et al. and GSH analysis
was performed by spectrophotometric measurement
according to the method described by Ellman. Graphical
representations of MDA amounts measured in tissues
are given in Figure 1, Figure 2 and Figure 3, and GSH
amounts are given in Figure 4, Figure 5 and Figure 6.
When all groups were examined in terms of MDA amount
in rat liver it was seen that there was a important rise in
HFD/LO2 (p<0.05). There was a significant increase in
liver tissue due to obesity and hypoxia (p<0.05). There
was no significant increase between SD/NO2, HFD/NO2
and SD/LO2 groups (p>0.05) (Figure 1).

When all groups were examined in terms of the amount
of MDA in the rat kidney tissue it was observed that there
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Figure 2: Amounts of MDA (mmol) in rat kidney tissue.
The differences between different letters in the pillars are
statistically important. Results are given as +SE.
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Figure 4: GSH amounts (umol/L) in rat liver tissue. The

differences between different letters in the pillars are
statistically important. Results are given as +SE.
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Figure 6: GSH amounts (umol/L) in rat brain tissue.
The differences between different letters in the pillars are
statistically important. Results are given as +SE.

was a significant increase in SD/NO2 (p<0.05). There was
no important rise between HFD/NO2, SD/LO2 and HFD/
LO2 groups (p>0.05)(Figure 2).

When the rat brains of all groups were analyzed for the
amount of MDA it was seen that there was an important
increase between SD/NO2-HFD/NO2 and SD/LO2-HFD/
LO2 groups (p<0.05). There was an important rise in
brain tissue due to hypoxia (p<0.05). While there was
no important rise between SD/NO2-HFD/NO2 groups
(p>0.05), there was no significant increase between SD/
LO2-HFD/LO2 groups (p>0.05)(Figure 3).

When all groups were examined in terms of the amount
of GSH in the rat liver it was seen that the most important
rise was in HFD/LO2 and the second important rise
was in SD/LO2 (p<0.05). There was an important rise
due to hypoxia (p<0.05). When SD/LO2 and HFD/LO2
groups were compared it was observed that there was an
important rise between these groups (p<0.05). There was
no important rise between SD/NO2 and HFD/NO2 groups
(p>0.05) (Figure 4).

When all groups were examined in terms of GSH amount
in rat kidney it was seen that the most important rise was in
SD/NO2, the second important rise was in HFD/NO2 and
SD/LO2 (p<0.05). There was no important rise between
HFD/NO2 and SD/LO2 groups (p>0.05). There was an



Dag

important rise between HFD/NO2-SD/LO2 and SD/NO2-
HFD/LO2 groups (p<0.05) (Figure 5).

When all groups (SD/NO2, HFD/NO2, SD/LO2, HFD/
LO2 ) were examined in terms of the amount of GSH
in the rat brain, no significant difference was observed
(p>0.05) (Figure 6).

DISCUSSION

In our study it was determined that the amount of MDA
was rised in HFD/LO2 in the liver, SD/LO2 in the brain
and in the HFD/LO2 groups compared to the other groups.
It was observed that this increase was related to obesity
and hypoxia. It was determined that the amount of GSH
was increased in the liver and brain in the SD/LO2-HFD/
LO2 groups compared to the other groups. In the kidney it
was observed that the amount of MDA and GSH reduced
in the other three groups compared to the control group.
This makes us think that MDA and GSH play a role in
maintaining body homeostasis in hypoxic conditions as
well as protecting against hypoxia and obesity.

Erkasap S, Erkasap N, Aral E, et al. The protective
effect of Epidermal Growth Factor (EGF) on wounds
in the gastric mucosa of rats treated with ethanol was
investigated. MDA, protein sulphuride groups (SH) and
protein carbonyl values were measured in gastric tissue. In
the ethanol+EGF group, ulcer symptoms, histamine, MDA
and protein carbonyl values were decreased. When these
values were compared with the values of animals without
EGF they reported that EGF acted as an antioxidant as
well as a protective effect on gastric mucosal injuries (28).
In the presence of oxidative stress the lipid peroxidation
indicator MDA level increases in various tissues and blood
plasma/serum samples while the GSH and SOD enzyme
activities which provide ROS elimination decrease (29,
30). In this study plasma MDA level increased and GSH
and SOD enzyme activity decreased in rabbits who were
injected with aglepristone for 2 consecutive days. From
these results it was observed that abortion (low) and/or
especially aglepristone had a negative effect on reducing
antioxidant defense capacity and on oxidative stress
parameters. In addition decreased antioxidant capacity
was thought to play a role as a determining factor in the
pathogenesis of infertility (31). Troudi et al. found a rise in
MDA levels and a reduce in antioxidant enzymes such as
SOD and GSH due to oxidative stress in rats in the early
and late stages of pregnancy using a neurotoxic agent
that triggers the formation of oxidative stress. However,
no abortion occurred in either of these studies (29). In
our study an increase was observed in liver tissue except
kidney and brain tissue. Changes in oxidative stress
parameters support our study.

It has been stated that oxidative damage accumulation in
cells may play a role in the pathogenesis of some diseases
due to deterioration in protein, lipid and membrane
structure, as well as cell repair mechanisms (32, 33).
Studies have found that there is a positive correlation
between disease severity and oxidative stress markers
and a negative correlation between antioxidant markers
(34, 35). In our study we determined that the body tries
to increase antioxidant enzyme activity against oxidant
stress in order to protect itself.

In this study investigating the efficacy of free oxygen
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radicals in patients with head and neck malignant tumors;
while the erythrocyte MDA levels and SOD activities
of the patients were higher than the control group, their
CAT activities decreased. It was observed that there was
no statistically important difference between the GSH-Px
activities in both groups. As a result of the research it was
stated that erythrocyte MDA levels may play a significant
role in tissue damage that leads to the development of head
and neck malignant tumors and the addition of drugs with
antioxidant effects may be beneficial to reduce the damage
and carcinogenic effects of increased free oxygen radicals
on the tissue (36). Doner et al. and Torun et al. showed that
serum MDA levels were considerably increased in patients
with head and neck malignant tumors compared to normal
individuals. They also stated that while MDA levels
increase in cancer patients, antioxidant enzyme activities
may increase or decrease (37, 38). Solmaz et al. reported
that CAT and SOD, enzyme activities in the tumoral tissue
in head and neck epidermoid cancers gradually decrease
as the stage progresses and the MDA level gradually
increases (39). The increase in free oxygen radical level
can cause changes to mutagenism, cytotoxicity and gene
expression, it may lead to malignant tumor development
and that a malignant development of this mutagenism can
contribute to a malignant transformation of a malignant
development (40). It has been stated that MDA which is
the product of destruction by free oxygen radicals is also
mutagenic and potentially carcinogenic (38).

The relationship between breast cancer and oxidative
stress and the activities of some enzymes was investigated
and MDA level was found to be higher in breast tumor
tissue than in normal tissue. It has been thought that the
increase in MDA level may be related to the formation of
necrosis caused by insufficient vascularization in invasive
ductal carcinoma and the increase in antioxidant enzymes
may be due to the rise in enzyme expression in tumor cells
(41).

Oxidative stress markers were investigated in liver,
heart and kidney tissues of obese mice. The first group
received HFD for 16 weeks and the second group (control
group) received only SD for 16 weeks. Lipid profile
measurement, tissue samples taken from the liver; blood
samples were taken and checked for MDA, protein
carbonyl (PCO), GSH levels and glutathione S-transferase
activities (GST). Feeding with HFD has been shown to
significantly rise body weight and induce dyslipidemia. In
the study an important rise in MDA and PCO levels in
the liver and heart tissues of obese mice and a decrease
in the kidney were shown. GSH levels, reduce in kidney
and liver tissues of obese animals, important rise in heart
tissue were noted. A negative correlation was found
between MDA-PCO levels and GSH levels in liver and
kidney tissues. A positive correlation was found between
GSH levels in heart tissues. It has been stated that the
rise in MDA-PCO levels in obesity, being correlated with
antioxidant enzyme activities and decrease in glutathione
levels, accompanied by oxidative stress in liver, heart and
kidney tissues, may possibly contribute to the progression
of obesity-related problems (42).

In another study biochemical markers of nitric oxide (NO),
MDA, GSH and the oxidative state of the follicle were
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investigated to foretell the outcome of in vitro fertilization.
Follicular cells were collected in the study. Biochemical
analyzes of NO, MDA and GSH were performed in
the collected cells. When successful and unsuccessful
pregnant groups were compared in terms of NO, MDA
and GSH, MDA was found to be high in follicular cells
and low in the pregnant group. Correlation analysis
between oxidative stress and IVF parameters revealed
a weak correlation between MDA and fertilization rate.
ROC curve analysis showed that MDA had a field below
the 0.74 curve and could predict pregnancy with high
precision. Since MDA is significantly different in pregnant
and nonpregnant female and has a good sensitivity profile
in predicting pregnancy it has been said that it can be

considered as a marker to predict IVF success (43).
CONCLUSION

In our study it was observed that the amount of MDA
increased in the liver and brain tissues, while the amount
of GSH increased in the liver tissue and did not increase in
the brain tissue. The most significant increase was observed
in the hypoxia and obese groups of liver and brain tissues.
We believe that these enzymes will have a positive effect
in preventing obesity, adapting to the negative conditions
that occur in hypoxia and in diagnosis and/or treatment.
We think that investigating MDA and GSH enzymes in
other tissues besides liver, kidney and brain tissues may
yield useful results. Our research has shown that it will
contribute to future comprehensive studies.

Conflict of Interest: No conflict of interest was declared by the authors

Ethics: This study was conducted with the Approval of Inonu University Faculty of Medicine Experimental Animals
Ethics Committee (Research Protocol No: 2016/A-71)

Funding: There is no financial support of any person or institution in this research.

Animal Supply: inonii University Experimental Animals Production and Research Center

Approval of final manuscript: All authors

Oral Presentation: Comparison of MDA and GSH in the rat tissues of hypoxia and obesity. Dag M., “’l.Uluslararasi
Akdeniz Anatomi Kongresi (IMAC2018) — 19. Ulusal Anatomi Kongresi”. 06.09.2018. Konya/TURKIYE (Printed:
ISSN 1307-8798, S145, 0-85)

Acknowledgements: Adiyaman University Head of Anatomy Department Assoc. Dr. Thanks to Ziimriit Dogan. He
supported me in providing MDA and GSH credentials, guiding these tests in my studies and using the devices and
materials needed in the laboratories.

Inonu University Faculty of Arts and Sciences Biology Department Head Prof.Dr. I would like to thank Muhittin Yiirekli.
He did not spare his support in the preparation of the tissues, the preservation of my samples and the use of the laboratory.

REFERENCES

1. Stoll BJ, Kliegman RM. Hypoxia-Ischemia, In: Behrman RE, Kliegman RM, Jenson HB, Nelson Textbook of Pediatrics, 17th ed. Philadelphia:
WB Saunders Co; 2004. pp. 566-568.

2. Pozo Devoto VM, Bogetti ME, Fiszer de Plazas S. Developmental and hypoxia-induced cell death share common ultrastructural and biochemical

apoptotic features in the central nervous system. Neuroscience. 2013;252:190-200. doi: 10.1016/j.neuroscience.2013.07.065.

Bray GA. Classification and evaluation of the obesities. Med Clin North Am. 1989;73(1):161-184. doi: 10.1016/s0025-7125(16)30697-6.

4.  Taras HL, Sallis JF, Patterson TL, Nader PR, Nelson JA. Television’s influence on children’s diet and physical activity. J] Dev Behav Pediatr.
1989;10:176-180.

5. Buchowski MS, Sun M. Energy expenditure, television viewing and obesity. Int J Obes. 1996;20:236-244.

6.  Keaney Jr JF, Larson MG, Vasan RS, Wilson PW, Lipinska I, Corey D, et al. Obesity and systemic oxidative stress: clinical correlates of oxidative
stress in the Framingham Study. Arterioscler Thromb Vasc Biol. 2003;23(3):434-439. doi: 10.1161/01.ATV.0000058402.34138.11.

7. Urakawa H, Katsuki A, Sumida Y, Gabazza EC, Murashima S, Morioka K, et al. Oxidative stress is associated with adiposity and insulin resistance
in men. The journal of clinical Endocrinology & Metabolism. 2003;88(10):4673-4676. doi: 10.1210/j¢.2003-030202.

8. Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW. Obesity is associated with macrophage accumulation in adipose
tissue. J Clin Invest. 2003;112(12):1796-1808. doi: 10.1172/JC119246.

9.  Tormos KV, Anso E, Hamanaka RB, Eisenbart J, Joseph J, Kalyanaraman B, Chandel NS. Mitochondrial complex III ROS regulate adipocyte
differentiation. Cell Metabolism. 2011;14(4):537-544. doi: 10.1016/j.cmet.2011.08.007.

10. Ogden CL, Carroll MD, Fryar CD, Flegal KM. Prevalence of obesity among adults and youth: united states, 2011-2014. NCHS data brief.
2015;(219):1-8.

11. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity among adults and youth: united states, 2015-2016. NCHS data brief.
2017;(288):1-8. doi: 10.1001/jama.2018.3060.

12. Gidding SS, Nehgme R, Heise C, Muscar C, Linton A, Hassink S. Severe obesity associated with cardiovascular deconditioning, high prevalence
of cardiovascular risk factors, diabetes mellitus/hyperinsulinemia, and respiratory compromise. J Pediatr. 2004;144(6):766-769. doi:10.1016/].
jpeds.2004.03.043

13.  Sideleva O, Black K, Dixon AE. Effects of obesity and weight loss on airway physiology and inflammation in asthma. Pulmonary Pharmacology
& Therapeutics. 2013;26(4):455-458. doi: 10.1016/j.pupt.2012.05.002.

14. Bliither M. Adipose tissue dysfunction contributes to obesity related metabolic diseases. Best Pract Res Clin Endocrinol Metab. 2013;27(2):163-
177. doi:10.1016/j.beem.2013.02.005

15. Olshansky SJ, Passaro DJ, Hershow RC, Layden J, Carnes BA, Brody J, et al. A potential decline in life expectancy in the United States in the 21st
century. N Engl J Med. 2005;352(11):1138-1145. doi: 10.1056/NEJMsr043743.

16. Himes JH, Dietz WH. Guidelines for overweight in adolescent preventive services: recommendations from an expert committee. The Expert Com-
mittee on Clinical Guidelines for Overweight in Adolescent Preventive Services. Am J Clin Nutr. 1994;59(2):307-316. doi: 10.1093/ajcn/59.2.307.

17.  Archentil A, Pasqualinotto L. Childhood obesity: the epidemic of the third millenium, Acta Bio-medica: Atenei parmensis. 2008;79(2):151-155.

18. Dal FB. M. Erkek Obezitesinde bozulmus antioksidan kapasite ve hipo¢inkonemi. Turk J Endocrinol Metab. 2003;2:47-51.

19. Koltas IS, Yiicebilgi¢ G, Bilgin R, Parsak CK, Sakman G. Serum malondialdehyde level in patients with cystic echinococcosis. Saudi Medical
Journal. 2006;27(11):1703-1705.

20. Tezcan E, Atmaca M, Kuloglu M, Ustundag B. Free radicals in patients with post-traumatic stress disorder. Eur Arch Psychiatry Clin Neurosci.

(95

7



21.
22.
23.
24.

25.
26.

217.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.
41.

42.

43.

Dag

2003;253(2):86-91. doi: 10.1007/s00406-003-0413-x.

Caylak E. Hayvan ve bitkilerde oksidatif stress ile antioksidanlar. Tip Arastirmalar1 Dergisi. 2011;9(1):73-83.

Dervis E. Oral antioksidanlar. Dermatoz. 2011;2(1);263-267.

Koca N, Karadeniz F. Serbest radikal olusum mekanizmalar ve viicuttaki antioksidan savunma sistemleri. Gida Miihendisligi Dergisi. 2002;16:32-
37.

Uchiyama M, Mihara M. Determination of malondialdehyde precursor in tissues by thiobarbituric acid test. Analytical Biochemistry.
1978;86(1):271-278. doi: 10.1016/0003-2697(78)90342-1.

Akkus 1. Effects of free radicals and pathophysiological. Konya, Turkey: Mimoza Publisher; 1995. pp. 1-76.

Uchiyama M, Mihara M. Determination of MDA precursor in tissue by thiobarbituric acid test. Analytical biochemistry. 1978;86(1):271-278. doi:
10.1016/0003-2697(78)90342-1.

Elman GL. Tissue sulphydryl groups. Archives of biochemistry and biophysics. 1959;82(1):70-77. doi: 10.1016/0003-9861(59)90090-6.
Erkasap S, Erkasap N, Aral E, Koken T, Kahraman A, Aydin Y, et al. Mast cell stabilizatér and antioxidant effects of epidermal growth factor on
gastric mucosal mjury mduced by ethanol in rats. Chin J Physiol. 2005;48(1):1-6.

Troudi A, Bouaziz H, Soudani N, Amara IB, Boudawara T, Touzani H, et al. Neurotoxicity and oxidative stress induced by gibberellic acid in rats
during late pregnancy and early postnatal periods: Biochemical and histological changes. Exp Toxicol Pathol. 2012;64(6);583-590. doi: 10.1016/j.
etp.2010.11.017.

Uzun D, Korkmaz GG, Sitar ME, Cebe T, Yanar K, Cakatay U, et al. Oxidative damage parameters in renal tissues of aged and young rats based
on gender. Clin Interv Aging. 2013;8:809-815. doi: 10.2147/CIA.S46188.

Ak Sonat F, Bagdas D, Giil Z, Ozalp GR. Tavsanlarda orta donem gebeliklerin sonlandiriimasinda kullamilan aglepriston’un bazi oksidatif stres
parametreleri iizerine etkisi. Uludag Universitesi Veteriner Fakiiltesi Dergisi. 2013;32(2):1-6.

Reynolds A, Laurie C, Mosley RL, Gendelman HE. Oxidative stress and the pathogenesis of neurodegenerative disorders. Int Rev Neurobiol.
2007;82:297-325. doi: 10.1016/S0074-7742(07)82016-2.

Halliwell B, Gutteridge JMC. Free Radicals in Biology and Medicine. 5th edition. New York, United States of America: Oxford University Press;
2015. pp.199-283.

Kadam DP, Suryakar AN, Ankush RD, Kadam CY, Deshpande KH. Role of oxidative stress in various stages of psoriasis. Indian J Clin Biochem.
2010;25(4):388-392. doi: 10.1007/s12291-010-0043-9.

Houshang N, Reza K, Masoud S, Ali E, Mansour R, & Vaisi-Raygani A. Antioxidant status in patients with psoriasis. Cell Biochem Funct.
2014;32(3):268-73. doi: 10.1002/cbf.3011.

Yariktas M, Déner F, Dogru H, Aynali G, Yoénden Z, Delibag N. Bas-boyun malign tiimérlerinde malondialdehit diizeyleri ve antioksidan enzim
aktiviteleri. Siileyman Demirel Universitesi Tip Fakiiltesi Dergisi. 2003;10(4):65-67.

Déner F, Tahan V, Delibas N, Dogru H, Kiligkaya M. Bas-boyun tiimérlerinde malondialdehid diizeyleri. Tiirk Hematoloji Onkoloji Dergisi.
1997,7:85-8.

Torun M, Yardim S, Goneng A, Sargin H. Cesitli kanser vakalarinda serum MDA diizeyleri. Biyokimya dergisi. 1995;20:1-7.

Solmaz F, Aktas D, Kizilay A, Oncel S, Ozturan O, Ozyurt H, et al. Bag-boyun epidermoid kanserinde dokudaki katalaz ve siiperoksit dismutaz
aktiviteleri ve malondialdehit diizeyleri. KBB Ihtisas Dergisi. 2001;8:397-401.

Cerutti PA. Oxy-radicals and cancer. Lancet. 1994;344:862-863. doi: 10.1016/s0140-6736(94)92832-0.

Yilmaz S, Temizer Ozan S. Meme kanserli hastalarda lipid peroksidasyonu ve bazi enzim aktiviteleri arasindaki iliski. Turk J Biochem.
2003;28(4):252-256.

Noeman SA, Hamooda HE, Baalash AA. Biochemical Study of Oxidative Stress Markers in the Liver, Kidney and Heart of High Fat Diet Induced
Obesity in Rats. Diabetology & Metabolic Syndrome. 2011;3(1):1-8. doi: 10.1186/1758-5996-3-17.

Yalginkaya E, Cakiroglu Y, Doger E, Budak O, Cekmen M, Caliskan E. Effect of follicular fluid NO, MDA and GSH levels on in vitro fertilization
outcomes. J Turk Ger Gynecol Assoc. 2013;14(3):136-141. doi: 10.5152/jtgga.2013.53323.

72



