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ABSTRACT

The aim of our study was to examine the effects of exercise and cal-
orie restriction on various tissue damage and antioxidant parame-
ters in the brain and testis of rats in a natural aging model. For this 
purpose, male Sprague-Dawley rats were the control group (C), 
the elderly (A), the elderly with calorie restriction (ACR), the elderly 
who were exercised (AE) and the elderly who were exercised with 
calorie restriction (ACRE), they were divided into 5 groups. The con-
trol group was composed of three-month-old animals. The other 
group consisted of 15-month-old rats. Exercise and calorie restric-
tion were applied for 6 weeks. At the end of the experiment, lipid 
peroxidation (LPO), nitric oxide (NO), glutathione (GSH) levels and 
superoxide dismutase (SOD), catalase (CAT), glutathione-S-trans-
ferase (GST) and tissue factor (TF) were determined in brain and 
testicular tissues homogenates. As a result of the study, the A 
group’s brain and testis LPO, NO levels and TF activity increased, 
GSH levels and SOD, CAT and GST activities decreased, when com-
pared to the C group. As a result of our study, an increase in oxidant 
damage was observed with TF activity in the brain and testis in the 
natural aging model, and positive effects of exercise and calorie 
restriction on the antioxidant levels in the brain were determined, 
especially in aging.
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ÖZ

Amacımız doğal yaşlanma modelinde egzersiz ve kalori kısıtlama-
sının sıçanlarda beyin ve testiste çeşitli doku hasarı ve antioksidan 
parametreler üzerine etkilerinin incelenmesidir. Bu amaçla Spragu-
e-Dawley sıçanlar kontrol (K), yaşlı (Y), kalori kısıtlaması uygulanan 
yaşlı (YKK), egzersiz uygulanan yaşlı (YE) ve kalori kısıtlaması ile 
egzersiz uygulanan yaşlı (YKKE) olmak üzere 5 gruba ayrıldı. Kont-
rol grubu üç aylık genç hayvanlardan oluşturuldu. Diğer gruplar 
15 aylık sıçanlardan oluşturuldu. Egzersiz ve kalori kısıtlaması 6 
hafta boyunca uygulandı. Deney sonunda beyin ve testis dokuları 
homojenatlarında lipit peroksidasyon (LPO), nitrik oksit (NO), glu-
tatyon (GSH) düzeyleri ile süperoksit dismutaz (SOD), katalaz (CAT), 
glutatyon-S-transferaz (GST) ve doku faktörü (DF) aktiviteleri tayin 
edildi. Çalışma sonucunda K grubu ile kıyaslandığında Y grubunda, 
beyin ve testis LPO, NO düzeyleri ve DF aktivitelerinin arttığı, GSH 
düzeyleri ile SOD, CAT ve GST aktivitelerinin ise azaldığı gözlendi. 
Doğal yaşlanma modelinde beyin ve testiste DF aktivitesi ile be-
raber oksidan hasarda artış gözlenmiş olup, özellikle yaşlanmada 
egzersiz ve kalori kısıtlamasının beyinde antioksidan düzeyleri üze-
rinde olumlu etkileri belirlenmiştir.

Anahtar Kelimeler: Yaşlanma, beyin, testis, oksidan, antioksidan
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INTRODUCTION

The aging process is physiologically observed in every living 
organism, and in this process, an irreversible decline occurs in 
all functions at the level of tissue, cell and molecule. Among 
the general signs of aging, a decline can be seen in body func-
tions, adaptation to environmental changes and resistance to 
harmful factors. In addition, due to aging, changes in cell struc-
ture and a decrease in the number of cells and the regeneration 
ability of the body are observed (1).

Aging is a process that is too complex to be defined by a single 
mechanism. The biological mechanisms involved alone are not 
explanatory and are often at the theoretical level. However, not 
all organs in the organism age at the same rate and no organ 
ages in the same way in different individuals of the same spe-
cies. This situation can be explained by individual variations in 
aging. Today, there are different theories and hypotheses about 
aging. Increasing oxidative damage has been closely associat-
ed with aging and the development of aging-related diseases. 
Therefore, oxidative stress has an important place in aging and 
related diseases. Free radicals are molecules produced by aero-
bic metabolism in a continuous manner and with high propor-
tion. These radicals cause damage in macromolecules such as 
DNA, proteins and lipids (1,2).

Exercise is defined as all physical activities performed in order to 
improve and maintain physical and mental health and to gain 
physical fitness. Exercise, when done regularly, has very import-
ant benefits on human health. Exercise improves the functions 
of circulatory, respiratory, digestive, excretory and skeletal-mus-
cular systems. Inactivity causes various health problems (3). 
Regular exercise has been associated with a reduction in overall 
mortality and morbidity in the middle-aged and elderly (4).

Calorie restriction is the limitation of food intake so as not to 
cause nutritional deficiency, slowing down the aging process. 
The pathologies associated with aging have also become an 
important issue in gerontology in recent years. After revealing 
the relationship between calorie restriction and increase in 
life span, studies have been conducted on the mechanisms by 
which calorie restriction regulates aging. The belief that calorie 
restriction has an “anti-aging” effect, or that it is an antidote to 
the aging process, has gained wide popularity. However, the 
relationship between classic calorie restriction and the aging 
process has not yet been clarified. It is not yet known exactly 
how to establish optimal food intake for different genotypes (5).

Although aging is an inevitable process, it can be affected by 
many factors. The ways in which different organs age are also 
different from each other. Therefore, pathological conditions 
that cause structural damage and cognitive impairment in the 
central nervous system during the aging process are also close-
ly related to aging (6). However, the amount of calories taken 
with nutrition and the level of exercise can be associated with 
the brain aging through general metabolic activities (7). It has 
been shown in several studies that oxidative stress can reduce 
male infertility (8-10). The aim of our study was to examine the 

effects of exercise and calorie restriction on various tissue dam-
age and antioxidant parameters in the brain and testis in rats in 
a natural aging model.

MATERIAL AND METHODS

Sprague Dawley type rats (300-350 g) obtained from Marmara 
University DEHAMER Animal Laboratory were used in our study. 
The local ethics committee approved the experimental proce-
dures (130.2013.Mar). The experimental animals were divided 
into 5 groups. There were 6 rats in the control (C) and aged (A) 
groups, and 10 rats in the elderly and calorie restriction (ACR) 
groups, aged and exercise group (AE) and aged group with cal-
orie restriction and exercise (ACRE). The C group consisted of 3- 
month old rats that were fed a standard diet. The A group con-
sisted of 15-month-old rats that were fed a standard diet. The 
ACR group consisted of 15-month-old rats that were given a cal-
orie restricted for 6 weeks. The AE group consisted of 15-month-
old rats that were given swimming exercise for 6 weeks. The 
ACRE group consisted of 15-month-old rats that were exercised 
for 6 weeks with calorie restriction. Calorie restriction was ap-
plied by reduction of feeding by 40% from the standard feed. 
For exercise, rats were floated for 30 minutes, 3 days a week for 
6 weeks in a warm pool of water (25±20C), previously filled with 
warm tap water. At the end of the 6 weeks experimental period, 
decapitation was performed under ether anesthesia and the 
brain and testis tissues were removed and washed with saline. 
They were cleaned of membranes and veins and divided into 
small pieces in ice. These small pieces were then cut into minced 
meat with surgical scissors and weighed. Tissues were homog-
enized by adding saline (mL) equal to their weight, and tissue 
homogenates of 10% were prepared.

To measure the levels of proteins, copper ions were applied to 
the rats in an alkaline environment. They were then reduced 
with a phosphomolybdic-phosphotungstic acid reagent (folin 
reagent). The intensity of the blue color was evaluated spectro-
photometrically. The intensity of the blue color formed is pro-
portional to the protein concentration (11). The absorbance of 
the pink color that was produced at the end of the reaction of 
the lipid peroxidation (LPO) product malondialdehyde (MDA) 
and thiobarbituric acid (TBA) was evaluated spectrophotomet-
rically to determine LPO (12). Tissue factor (TF) activity was de-
termined by utilization of the quick method using plasma taken 
from healthy people. Tissue homogenate is used as a source of 
tissue factor (Thromboplastin). The time elapsed for fibrin for-
mation after the addition of calcium chloride was determined. 
Activity varies inversely with time (13). Tissue factor activity is 
inversely proportional to the time taken for clot formation. To 
measure nitric oxide (NO) levels, nitrate was converted to ni-
trite with vanadium (III) chloride. The complex diazonium com-
pound was produced based on the reaction of nitrite sulfanil-
amide with N- (1-Naphthyl) ethylenediamine dihydrochloride in 
an acidic medium. This colored complex formed was measured 
spectrophotometrically at 540 nm (14). The colored production 
of the reaction of Ellman separator, 5-5 ‘dithiobis 1-2 nitro ben-
zoic acid (DTNB) and sulfhydryl groups was spectrophotometri-
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Hakgüder et al.
Effects of Exercise and Calorie Restriction on Brain and Testis in Natural Aging Model

cally determined for reduced glutathione (GSH) determination 
(15). superoxide dismutase (SOD) activity was measured as the 
ability of riboflavin sensitized o-dianisidine to increase the rate 
of photooxidation (16). Catalase (CAT), activity was determined 
based on the formation reaction of H2O2 to H2O (17). Glutathi-
one-S-transferase (GST) activity was measured according to the 
spectrophotometric determination of the 340 nm absorbance 
belonging to the product produced by conjugation of GSH with 
1-chloro-2,4-dinitro-benzene (CDNB) (18). Analysis of variance 
(ANOVA) followed by Tukey’s multiple comparison test were 
used for statistical analysis (GraphPad Prism 9.0, California, USA).

RESULTS

Brain Tissue
GSH values in brain tissue were decreased in A and ACR groups 
when compared with the controls. Compared to the A group, 
it was increased in the ACR, AE and ACRE groups. GSH values 
were increased in the ACRE group compared with the ACR 
group. SOD activity was significantly decreased in the A, AE, 
ACR and ACRE groups compared to the controls. In compari-
son with the A group, it was increased significantly in the AE, 
ACR and ACRE groups. CAT activity was decreased in the A, AE 
and ACR groups when compared to the C group, and it was 
increased significantly in the ACRE group compared with the 
A group. GST activity was decreased in the A group in com-
parison with the C group, and significantly increased in the 
ACRE group compared with A and AE groups (Figure 1). LPO 
was increased significantly in A and AE groups compared to 
the C group. LPO was decreased significantly in the ACR group 
compared with the A group. Brain TF activity was increased 
significantly in A, AE and ACRE groups compared with the C 
group. NO values were increased significantly in the A, AE and 

ACRE groups compared with the C group. Compared to the A 
group, NO values was decreased in the ACR group. NO values 
were increased in the ACRE group compared with the ACR and 
A groups (Figure 2).

Testis Tissue
Testis GSH levels were decreased significantly in the A, AE, ACR 
and ACRE groups, compared to the C group. There was a signif-
icant increase in the GSH levels of ACRE group compared with 

Figure 1. Brain GSH levels, GST, SOD and CAT activities 
of the groups. ap<0.05 significantly different than the C 
group; bp<0.05 significantly different than the A group; 
cp<0.05 significantly different than the AE group; dp<0.05 
significantly different than the ACR group.

Figure 2. Brain LPO, NO levels, and TF activities of the groups. 
ap<0.05 significantly different than the C group; bp<0.05 
significantly different than the A group; cp<0.05 significantly 
different than the AE group; dp<0.05 significantly different 
than the ACR group.

Figure 3. Testis glutathione levels, GST, SOD and CAT 
activities of the groups. ap<0.05 significantly different 
than the C group; bp<0.05 significantly different than the 
A group; cp<0.05 significantly different than the AE group; 
dp<0.05 significantly different than the ACR group.



Experimed 2021; 11(1): 21-6
Hakgüder et al.

Effects of Exercise and Calorie Restriction on Brain and Testis in Natural Aging Model

24

the C and A groups. SOD activity was decreased significant-
ly in the A, AE, ACR groups compared with the C group, and 
was also increased significantly in the ACRE group compared 
with the ACR group. CAT activity was decreased significantly 
in the A, AE, and ACRE groups compared to the C group, and 
increased significantly in the ACR group compared with the A 
group. GST activities were decreased significantly in the A, AE, 
ACR and ACRE groups compared with the C group (Figure 3). 
LPO was increased significantly in the A group compared with 
the C group, and was decreased significantly in the AE, ACR and 
ACRE groups compared with the A group. In the ACRE group 
LPO was also decreased in comparison with the A, AE and 
ACRE groups. TF was increased significantly in the A, AE, ACR, 
and ACRE groups compared with the C group. NO levels were 
increased significantly in the A, AE and ACR groups compared 
with the C group, and were decreased significantly in the AE 
and ACRE groups compared with the A group (Figure 4).

DISCUSSION 

As a result of our study, LPO, NO levels and TF activity were 
found to have increased in the brain and testicular tissues of the 
elderly group compared with the control group. The GSH levels 
and SOD, CAT and GST activities were found to have decreased. 
Compared with the elderly group, LPO, NO levels and TF activ-
ity were decreased, and GSH and SOD activity were increased 
in the brains of the elderly group with calorie restriction. LPO 
and GSH levels and SOD activity were increased in the elderly 
group that was exercised. SOD, CAT and GST activities were in-
creased in the elderly group that were exercised together with 
calorie restriction compared to the elderly group. Compared to 
the elderly group, LPO and NO decreased in the testicles of the 

elderly group with exercise and calorie restriction, while calorie 
restriction increased CAT activity and decreased GST activity in 
the elderly group.

Although the basic principles and mechanisms of aging have 
not been fully elucidated, there are various theories on this is-
sue. Increasing oxidative damage has been closely associated 
with aging and the development of aging-related diseases (19). 
Therefore, oxidative stress has an important place in aging and 
related diseases. Free radicals are molecules produced by aero-
bic metabolism in a continuous manner, with high proportion. 
These radicals cause damage to macromolecules such as DNA, 
proteins and lipids (20).

As the redox balance deteriorates with aging, more free rad-
icals are formed. Oxidative protein damage due to increased 
oxidative stress may cause changes in the structure of proteins 
such as aggregation, fragmentation, and secondary / tertiary 
structure. All these changes may cause both susceptibilities to 
proteolysis and changes in the normal function of proteins (19).

With the emergence of the relationship between free radicals 
and aging, the search for a diet that reduces or stops oxidative 
stress has come to the fore. It has been shown that antioxi-
dant-rich diets result in less weight gain and tumor formation 
in experimental animals and reduce autoimmune diseases (21).

Older animals were shown to have more mitochondrial reac-
tive oxygen species (ROS) than young animals. Oxidative DNA 
damage is cited as one of the most significant causes of aging. 
ROS could cause damage to the sugar-phosphate skeleton in 
DNA and can also cause point mutations on bases (22).

With aging, oxidative mitochondrial DNA (mtDNA) damage 
occurs in striated muscles, heart muscles and the brain. The im-
portance of oxidative mtDNA damage and related mutations in 
the aging process has been emphasized in various studies, and 
it has been shown that mitochondria plays a major role in ag-
ing. There are antioxidant defense systems that protect against 
oxidative damage in the organism. Whether the antioxidant 
defense systems in the tissues are more active depending on 
the ROS produced continuously in the long-lasting species or 
not is a separate research subject. A study found a relationship 
between SOD activity in the liver, brain and heart tissues and 
the maximum lifespan in 14 mammal species (23).

The effects of aging on the testicles in rats were studied . Testic-
ular sections taken from 3, 6 and 24 month old rats were exam-
ined morphologically, and it was reported that Leydig cells and 
collagen fibers in the testicular interstitium were more com-
mon in 6-24 month old rats than in 3 month old rats . It has also 
been shown that macrophages are greater in 6 month old rats 
than in 3 and 24 month old rats. Testosterone and luteinizing 
hormone (LH) levels did not differ between 3 and 6 month old 
rats, but it was reported to be lower at 24 months (24).

In a study examining the antioxidant activities of rat testis, it 
was suggested that the testicular antioxidant system is differ-

Figure 4. Testis LPO, NO levels, and TF activities of the groups. 
ap<0.05 significantly different than the C group; bp<0.05 
significantly different than the A group; cp<0.05 significantly 
different than the AE group; dp<0.05 significantly different 
than the ACR group.
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ent from the liver. The most significant difference was reported 
as high SOD activity in the testis of 6-10 day old rats, and low 
CAT and GSH-Px activity in the testis. It has been suggested that 
this high SOD ratio will make the testicles more susceptible to 
prooxidant factors. However, non-enzymatic antioxidants are 
also important in the defense system, but were not investigat-
ed in this study. The greatest difference in antioxidant enzyme 
activities in testicles was determined between 20-30 day old 
rats and it has been reported that this difference may be due to 
the change in testicular structure. Fetal type Leydig cells are re-
placed by adult Leydig cells shortly after birth. Antioxidant en-
zyme activities have been reported in different testicular cells. 
For example, SOD and GST activity is high in Sertoli cells. The 
reason for the high SOD activity in young rats has been defined 
as the increased need for hydrogen peroxide, which has not yet 
been fully elucidated in some developmental processes. Hy-
drogen peroxide has been shown to stimulate prostaglandin 
synthesis in the renal glomerulus in rats. Hydrogen peroxide 
has also been shown to stimulate cell differentiation. The high 
SOD activity seen in the early stages of life has been associated 
with the role of hydrogen peroxide in cell differentiation (25).

Only two known forms of SOD, cytosolic (Cu/Zn) and mito-
chondrial (Fe/Mn), are not found in the testicles. Testis also 
contain extracellular SOD that is generated by the sertoli and 
germ cells. It is well known that cytokines such as interleukin 
1α stimulate extracellular superoxide dismutase (SOD-Ex) re-
lease in Sertoli cells (26).

It has been reported that catalase does not have much effect 
on the testis, and GPx, which uses GSH as an electron source to 
reduce H2O2 to water, has different isoforms in this tissue. GPx 
has been detected in mitochondria, nucleus and spermatozoa. 
Since many forms of GPx are selenium dependent, selenium 
deficiency affects male reproductive health negatively (27). It 
has been reported that physical exercise increases testis antiox-
idant enzyme activities in aged rats and may delay the effects 
that may occur on the testis with aging (28). In addition, it has 
been suggested that moderate exercise has a healing effect 
against oxidative damage in the testis due to chronic ethanol 
consumption (28).

However, it has been shown that excessive exercise increases 
lipid peroxidation in the testicles and can decrease antioxidant 
enzyme activities including CAT, SOD, and GST (29). The result-
ing stress can inhibit both steroidogenesis and germ cell dif-
ferentiation in testis. The improvement of these effects when 
alpha tocopherol was administered as an antioxidant showed 
that exercise-induced testis dysfunction was associated with 
oxidative stress (30).

Aging is a biological process seen in all living organisms. An-
atomical and physiological processes that occur with aging 
affect the development and outcome of some diseases. With 
the increase of the elderly population in the world, it is increas-
ingly necessary to develop treatment programs for a better 
quality of life and prevention of diseases in this process. In the 

aging brain and various neurodegenerative diseases, there is a 
decline in normal antioxidant defense mechanisms, which in-
creases the vulnerability of the brain to the harmful effects of 
oxidative damage. For example, the antioxidant enzymes SOD, 
CAT, GPx and glutathione reductase show reduced activities in 
the brains of patients with Alzheimer’s disease (19).

Calorie restriction has been evaluated as the only reproducible 
experimental manipulation to increase life expectancy in many 
species. Restriction of nutrient intake below 30% to 50% of ad 
libitum levels during the early growth phase of life has been 
shown to result in significant increases in life expectancy of a 
variety of species, including insects, mice, fish, and rats (30).

In the literature, increased oxidative stress and inflammation 
with aging have been associated with an increase in TF expres-
sion (32,33). As a result of our study, increased TF activity in 
the brain and testis in the natural aging model was related to 
increased oxidant damage and inflammation with age. Espe-
cially in aging, calorie restriction is associated with TF and t he 
mechanism of its positive effects on NO needs to be elucidated.

Oxidative stress is closely related to the pathology of many 
diseases, especially aging, cancer, heart diseases and diabe-
tes. For a quality and long life, all the functioning and repair 
mechanisms of the organism must work completely. Although 
acute physical activity has been shown to increase oxidative 
stress, regular physical activity has shown positive effects on 
aging-related diseases by strengthening antioxidant defense 
systems. In our study, the effects of calorie restriction, especial-
ly in reducing oxidative stress in the brain and strengthening 
antioxidant defense systems, were observed. Although calorie 
restriction can be considered as a way to increase functional 
lifespan, nowadays, there is evidence that choosing whole 
foods in a balanced way or addition of antioxidants to the diet 
is beneficial for a longer functional life span.
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