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Abstract:

Consciously done exercises are beneficial for human health. However, unconscious and wrong practices
(medication use, etc...) can cause various injuries and permanent damage to the human body. For reasons
such as increasing muscle mass and/or to getting more performance, taking steroid hormones disrupts
overall body hormone balance. Effects of exercise on oxygen and energy metabolism and estrogen as an
exogenous steroid have significant effects on the adrenal gland. The aim of this study was to see the effects
of 17pB-estradiol on surrenal glands of rats that is put through regular physical exercises. 36 male Sprague-
Dawley rats between the weights 220-250 gr, were put into thermal-controlled room with day-night cycles to
stimulate an optimal day for the subjects. The experiment was modeled by dividing 36 animals into 6 groups
in total according to the control, exercising and estrogen administration criteria. Experimental group animals
received daily doses of 10 pg/kg/day 17p-estradiol during 30 days. Also exercises group animals ran at 20
m/min on a 15% grade for 90 minutes and rest 34 minutes. Then, TUNNEL and Hematoxylen & Eosin
staining were performed to measure the damage on the adrenal glands. In group 2, dense presence of
degenerative fibroblasts and inflammatuary cells infiltration in zona fasciculata were significantly different.
In group 3, the degenerative areas were significant in all adrenal cortex zones. In group 4, necrotic areas
were determined in zona reticularis. In group 5, zona fasciculata was severely degenerated. With group 6,
Sinusoidal features were completely lost in zona reticularis. The results strongly show that exercise may
affect the zona glomerulase in short time period. As a result, exposure to exercise and exercise stress with
external administration of estradiol may cause cellular degeneration especially zona fasciculata and zona
reticularis in the adrenal gland.
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Introduction:

Exercising improves overall health and helps to
maintain a stable figure with the use of physical
activities which in turn makes a person mentally
healthy. Regular exercising helpst to achive a
longer lifespan, and delays the onset of 40 chronic
diseases. By the 21st century, lack of exercise is
the basis of many diseases and public health
problems, and it is also the cause of chronic

diseases and deaths (1, 2). It is known that most of
scientific studies support the positive effects of
exercise on muscles, heart, respiratory and
circulatory systems while reducing the risk of
diseases such as dyslipidemia, hypertension,
hyperglycemia,  visceral ~ obesity,  chronic
proinflammation, insulin resistance (2, 3). Low-
intensity regular exercise primarily causes an
increase in the mitochondrial content of muscle
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tissue, as well as regulating other cellular
functioning (4). Conscious exercise is usefull for
human health; however, malpractices (drug usage,
eccentric exercise and balance problems) may lead
several types of injuries and permenant damage in
human body. Although there are many health
benefits, sports activities also carry many risks of
injury. In every age, incorrect application of
exercise can cause physical injury, deformities in
weight-bearing joints and limbs, including hip,
knee and ankle, and osteoarthritis (OA) in the
presence of many different injuries (5). People use
many methods to increase their physical ability or
to reduce the negative effects of exercise, such as
oxidative stress. Steroid hormones have generally
anabolic effections. They induce protein synthesis
and play a key role on the growth of muscle and
bone tissue. Androgens, because of their anabolic
effects, are the most common drugs that are used
by athletes. Taking some exogen hormones to get
more performance from the body may disrupt the
hormone balance (6).

The amount of androgens in the blood is directly
parallel with the exercise intensity. In addition, the
use of anabolic androgenic steroids and other
anabolic doping agents can cause health problems
such as cardiovascular disease, diabetes, cancer,
mental health issues, virilization in women, and
suppression of naturally produced androgens in
men (7). Androgen hormone use has adverse
effects on the cardiovascular system, kidney,
endocrinological and reproduction. Normal steroid
hormones are synthesized in the adrenal cortex,
gonads (testicles and ovaries). For both gender,
adrenal glands are one of the endocrine organs
which are essential for the life (8). Androgens used
as doping affect the hypothalamic-pituitary-ovarian
axis. Exogenous hormones steroid hormones intake
suppresses the hypothalamic-pituitary-testicular
axis (HPT) and lowers the titles such as
gonadotrophic (hence LH and FSH) hormones.
Ultimately, the level of endogenous steroids
decreases (9). Different physical activity
characteristics (aerobic or anaerobic, agonistic or
non-agonistic, duration of training sessions,
frequency of weekly sessions), characteristics such
as female age, menstrual cycle regularity, body
mass index also affect ovarian dysfunction (10). In
men, this situation can directly affect fertility
events such as decreased sex hormone binding
globulin, decreased testicular size, sperm count,
sperm motility, and changes in sperm morphology,
as well as gynecomastia and prostatic hypertrophy
(7, 11). Some of the androgenic and estrogenic

properties of steroids are also regulated in the
adrenal glands. Individuals who want to increase
their muscle mass encounter results that affect
adrernal gland hormone production, such as HDL-
C, insulin sensitivity and glucose tolerance, and the
risk of Type 2 diabetes (12). Estrogen initiates
various physiological proposals through two
estrogen receptors ER,, and ERg. 17B-estradiol can
be bound at both estrogen receptors (13). Both
androgen (AR) and estrogen (ER) receptor genes
are expressed in all three layers of the adrenal
cortex. More than 30 genes express estrogen
receptors in the ZG layer, while more than 200
genes in ZF/R express estrogen receptors of the
adrenal gland in both males and females (14). On
the other hand, this ligand could affect a role in
decreasing tissue damage occured depend on
exercise (15, 16). The relationship of the adrenal
gland with many issues such as its effects on
systematic neuroendocrine and immune cascade,
neuroprotective effects, and the functioning of the
liver that regulates metabolism have been
investigated (17, 18). But there is some
controversy regarding estrogen supplementation
effects. It is known to affect the use of estrogen
hormones in exercise and the adrenal gland (19).
We wanted to examine which layers of the adrenal
gland are most affected by this situation and also
which layer is most likely to be damaged. In this
study, we tried to find the possible effects (positive
and/or negative) of estrogen supplementation, is
used as a doping for improving performance or
muscle development, after exercise administration
on male adrenal glands. Then, we are expecting the
adrenal glands damage due to excessive work after
the histological examinations depending on not
only to compensate the excessive metabolic load
occured during exercise but also eliminate the side
effects of estrogen.

Material and Methods:

Animals

The study was carried out in facilities approved by
the Ataturk University Institutional Animal Care
and Use Committee (ATADEM-Approval No:
2008-05/39; 25.04.2008). Twelve weeks-old 36
male Sprague-Dawley rats (220-250 gr), were put
into thermal-controlled room with day-night cycles
to stimulate an optimal day for the subjects.
Animals were allowed free access to food and
water throughout the entire experiment. Rats were
separated into two groups using random separation
method. 18 rats were in experimental and
remaining 18 were in control groups. Main
experimental groups were divided into new six
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groups as shown in Table 1.

Tablel. Experimental groups and drug administration

Non-exercise group

Eccentric exercise group

Eccentric exercise group

(dissected after 1 h) (dissected after 48 h)
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
(n:6) (n:6) (n:6) (n:6) (n:6) (n:6)
Control Experimental Control Groups Experimental Control Experimental
Groups Groups Groups Groups Groups
Plasebo
Plasebo Estrogen solution, solution, Estrogen solution, Plasebo Estrogen solution,
solution, 10 pg/kg/day, 30 30 days 10 pg/kg/day, 30 solution, 10 ug/kg/day, 30
30 days days days 30 days days
Plasebo Estrogen solution | Plasebo solution | Estrogen solution Plasebo Estrogen solution
solution + + + solution +
+ Non-exercise Eccentric Eccentric exercise + Eccentric exercise
Non-exercise exercise (dissected Eccentric (dissected
(dissected after after 1 h) exercise after 48 h)
1h) (dissected after
48 h)

Group 1 (Control group), Group 2 (Estrogen group), Group 3 (1 hour after exercise dissected group),
Group 4 (1 hour after exercise dissected + estrogen group), Group 5 (48 hour after exercise dissected group), Group 6; (48 hour
after exercise dissected + estrogen group)

Drug Administration:

Experimental group animals received daily doses
of 10 pg/kg/day 17B-estradiol (3 mg 17p-estradiol
+ 50 ml absolute ethanol + 100 ml sesame oil). The
injections were given subcutaneously for 30
consecutive days. On the other hand, control group
animals received subcutaneously plasebo solution
(50 ml absolute ethanol + 100 ml sesame oil)
during 30 days in order to expose the same stress
conditions.

Exercise Administration:

Acute exercise was performed on a motorized
rodent treadmill (May Time 9805 Treadmill
Exerciser). Group 3, 4, 5 and 6 were subjected to
straight running for 5 minutes with 20 mt/min
before one day from eccentric exercise
administration. A day later, animals ran at 20
m/min on a 15% acute exercise on a motorized
rodent treadmill. The procedure was 5 minutes
running and 2 minutes resting. Totally, animals ran
at 20 m/min on a 15% grade for 90 minutes and
rest 34 minutes (20, 21).

Histological Procedures:

Adrenal glands were bilaterally taken from the rats
to perform histological procedures. For classical
histopathological examination, the surrenal tissue
were fixed in 10% neutral formaldehyde solution
for 1 week. Sections were obtained using a Leica

RM2125RT microtome (Leica, Germany). In the
following process, paraffin block was cut to 6 pm
thickness. The sections were stained with
Hematoxylin-Eosin ~ (H&E) for  microscope
(Olympus BH 40) examination. Surrenal gland
sections were examined histopathological
evaluation. These parameters: degenerative areas,
inflammatuary cells infiltration, necrotic area,
fibrin plaques, endotelial cells features.

TUNNEL Staining:

According to the manufacturer’s instructions, cell
apoptosis rate was detected using In Suit Cell
Death Detection kit (Roche Applied Science,
Penzberg, Germany). Shortly, surrenal tissues
sections were dewaxed, rehydrated by xylene and a
graded series of ethanol. Then incubated proteinase
K solution for 15 min at 37°C. Later, the sections
were incubated at 37°C in dark for 1 h with 50 pL
Converter-POD per sample for 30 min. Nuclei
staining was done with  hemagoxylene.
Examination was evaluated under light microscope
(Olympus BH 40). Immunpositive cells were
counted in 10 randomly selected areas of X40
objective. Sections from each animal were counted
and reported as semi-quantitatively. Following:
none: —, mild: +, moderate: ++, severe: +++, and
very strong: ++++.
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Results:

All zones of adrenal gland have normal apparences
in Group 1 (Control group). There were any
pathological findings in this groups’ section
(Figure 1A). When immunohistochemical analyses
were administered, there were no TUNNEL
positive cells in capsule, cortex and medulla
(Figure 2A).

The histopathological examination in Group 2
(Estrogen group), dense presence of degenerative
fibroblasts and inflammatuary cells infiltration in
zona fasciculata (ZF) were significantly different.
There were irregular cords and focal necrotic focus
which are surrounded with inflammatory cells, in
ZF. Thickness of endothelial cell of medullar vein
was decreased. Additionally, fibrin plaques were
seen in medulla (Figure 1B).
Immunohistochemically, there were moderate
grade TUNNEL positive cells in capsule and zona
glomerulosa (ZG), however weak TUNNEL
positive cells were detected in ZF (Figure 2B,
Table 2) In group 3 (1 hour after exercise dissected
group), the degenerative areas were significant in
all zones. Especially, fibrine plagues in sinusoids
and hypercromatic endotelial cells were seen in
zona reticularis (ZR). Inflamatory cells and
necrotic debris were detected between medullary
ganglion cells as well as destructive medullary
veins (Figure 1C). In immunohistochemical
analysis, TUNNEL positive cells were detected in
all cortical layers. There were also dense TUNNEL
positive cells in medulla. (Figure 2C, Table 2).

When  histopathological ~ examination  was
performed in Group 4, (1 hour after exercise
dissected + estrogen group) necrotic areas were
observed in ZR. Some cell had eosinophilic
cytoplasm in ZF. Degenerative cells, transparent
cells and intrasinusoidal inflamatory cells were
appearented in ZF. (Figure 1D). There were
moderate grade TUNNEL positive cells in all zone
of adrenal gland (Figure 2D). In group 5 (48 hour
after exercise dissected group), ZF was severely
degenerated. Additionally, multi-nuclear giant cells
and  inflammatory  cells  were  detected
intrasunisoidal area. Accumulated ganglion cells
and transparance cells were seen in medullary
zone. Additinally, cytoplasmic brown granules
were defined in medulla. (Figure 1E). In
immunohistochemical  analysis, there  were
moderate TUNNEL positive cells both in cortex
and medulla (Figure 2E, Table 2).
Histopathological sections of group 6 (48 hour
after exercise dissected + estrogen group), ZF had
hyperchoromatic nucleus and pale cytoplasm. With
group 6, Sinusoidal features were completely lost
in ZR. In addition to, the presense of hyaline
deposits were remarkable (Figure 1F). In
immunohistochemical analysis, TUNNEL positive
cells were detected in ZG and it’s endothelial cells.
Strong positivities were seen in ZR. On the other
hand, a few TUNNEL positive cell were defined in
ZF (Figure 2F, Table 2).

Table2. Semi-quantitative assessment of TUNNEL immunopositivity in surrenal glands

Groups Capsule

Group 1 -
(Control group)

Zona
Glomerulosa

Zona Zona Medulla

Fasiculata Reticularis

Group 2 ++

(Estrogen group)

++

Group 3 +
(1 h after exercise
dissected group)

++

++

Group 4 +
(1 hour after exercise
dissected + estrogen

group)

++

++ ++ +

Group 5 ++
(48 hour after exercise

dissected group)

++

++ +++ ++

Group 6 ++
(48 hour after exercise

dissected + estrogen
group)

+++

++ ++++ ++

none: —, mild: +, moderate: ++, severe: +++, and very strong: ++++.
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Figurel: Histopathological analysis of all experimental groups (H&E)

1A: In control group, healthy and normal appearance of capsule, zona glomerulosa and fasciculata. B: In estrogen group,
appearance of fibrin plaques in the medulla. 1C: In 1 hour after exercise dissected group, appearance of degenerative areas in zona
reticularis. 1D: In 1 hour after exercise dissected + estrogen group, appearance of eosinophilic cytoplasm in zona fasciculate. 1E:
In 48 hours after exercise dissected group, appearance of multi-nuclear giant cells in a black circle in the zona fasciculata. 1F: In
48 hours after exercise dissected + estrogen group, appearance of the loss of sinusoidal features in the zona reticularis. (cap;
capsule, zg; zona glomerulosa, zf; zona fasciculata, zr; zona reticularis, m; medulla, black arrowhead; fibrin plaques. H&E
staing. Mag X20)

Figure2: Immunohistochemical analyses of all experimental groups (TUNNEL).

1A: In control group, appearance of no TUNNEL reaction in the adrenal cortex. 1B: In estrogen group, appearance of weak
TUNNEL staining of the zona glomerulosa and fasciculata. 1C: In 1 hour after exercise dissected group, appearance of weak
TUNNEL staining of the zona reticularis and medulla. 1D: In 1 hour after exercise dissected + estrogen group, appearance of
strong TUNNEL staining of the zona fasciculata. 1E: In 48 hours after exercise dissected group, appearance of strong TUNNEL
staining of the zona fasciculata. 1F: In 48 hours after exercise dissected + estrogen group, appearance of intensive immunity in the
adrenal medulla and zona reticularis. (cap; capsule, zg; zona glomerulosa, zf; zona fascicula, zr; zona reticularis, m; medulla, red
arrowhead; TUNNEL positive cells. H&E staing. Mag X20)
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Discussion:

Exercising is an activity which improves both
human physical and mental healthalso helps to
sustain it for the rest of the life span of the
individual. However, it is well-known that
incorrect training may cause destructive effects on
whole organism. The aim of this study was to see
the effects eccentric exercise on rat adrenal glands
in acut/chronic terms by using histopathological
methods. Additionally, it was analysed that
whether exogen (external) estrogen has a positive
or negative effect on this relationship or not. It
showed that there was no abnormality in Group 1
(Control). It was seen the cells in ZF have
degenerated and negatively affected by both
inflammatory and fibrolabst. In group 2 (estrogen
group). In group 3 (the group dissected 1 hour after
exercise), degenerative areas were noticeable in all
zones, while hyperchromatic endothelial cells were
seen in ZR. In group 4, necrotic areas were
detected in ZR on histopathological examination.
A similar TUNNEL reaction was seen in the 1-
hour groups (group 3 and group 4) in which the
acute effects of exercise were seen. Immune
activated was mild to moderate. In group 5, the ZF
was severely degenerated and many nuclear giant
cells and inflammatory cells were detected. In the
histopathological sections of Group 6, the
sinusoidal structural organization and cellular
organization of ZF and ZR were lost. In addition,
hyaline deposits were seen in both layers. Immune
activity was very strong in 48 h groups (group 5
and group 6) in which chronic effects of exercise
were observed. Especially in both groups, the most
severe reaction was observed in ZR. Immune
positivity was severe in the ZF layer in Group 5.
Estrogens are steroid-structured hormones. They
have key roles on cell growth and embryonic
development (22, 23, 24). The analysis was
performed between estrogen application and
adrenal glands by comparing the data obtained
from Group 1 (Control group) and Group 2
(Estrogen group) to understand the basic
mechanism of estrogen application. With the use of
these information, we can say that there were no
abnormalities in Group 1 rats, whereas apoptosis
was induced in zone glomerulosa of Group 2 rats.
In one study, 8-weeks healthy male and female
Sprague Dawley rats were subjected to 10-
microgram estradiol application during a month.
According to the findings of that study, it was
detected that pituitary and adrenal glands weights
increased in both genders. Also, the cell volumes

of adrenal cortex zones had significant change
(25). In another study was pointed out that long-
term testosterone application led to cellular atrophy
in especially ZR of adrenal cortex of male rats in a
time-dependent manner. By the way, some
abnormalitites were also detected in mitochondria
and endoplasmic reticulum of this layer in the
same study. Testosteron application inhibited the
steroidogenic capacity of adrenocortical cells
which may reduce the level of corticosterone.
Therefore, adrenocorticotropic hormone (ACTH)
level started to increase (26). The similar studies
may be seen in current literature. The possible
mechanism may be explained briefly as following:
External estrogen application firstly reduces the
capacity of corticosteroid synthesis and release in
adrenal glands and then, increases the level of
ACTH. Actually, it is estimated that increased
level of ACTH provokes the steroidogenic capacity
of adrenocortical cells. It is known that external
estrogen application may block the mitochondrial
and nuclear RNA synthesis. This blockage may
cause a decrease in P450 c21-hidroxilase
expression and the sensitivity of ACTH (27).
Acute and long-term effects of exercise on adrenal
glands were analyzed by comparing the data
obtained from eccentric exercise groups (Groupl,
3, 5). Stress or other external stimulants activates
otonom nervous system and this activation may
induce Hypothalamic-pituitary-adrenal axis (HPA)
(28). Plasma cortisol levels, released from adrenal
glands, increased to co-op with stress (29). Most of
scientific studies proved that ACTH sensitivity
reduce depend on increased exercise time and
severity (30). Sasse et al. (31) prolonged and
repeated stress has a potential to occur a negative
effect on HPA axis. As a consequent, they showed
the reduced glucocorticoid level. In another study,
Watabane et al performed (32), pointed out that
ACTH and corticosterone plasma concentrations
increased in acute exercise group as well as control
and exercise groups. In contrast to this increase,
ACTH response and Corticotropin Releasing
Factor (CRF) were detected in low level in
exercise group when compared with control group
in same study.

Plasma levels of the stressor hormones that
regulate the relationship with HPA should have
been measured. In addition, the plasma steroids
estrogen and testosterone should be evaluated.
Estrogen receptors at the tissue mRNA level could
not be examined at the molecular level. These
analyzes, which cannot be done due to the budget
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of the study, will be among the reference notes for
the next studies. However, the destructive effects
of exercise and exogenous estrogen intake have
been clearly emphasized on the adrenal cortex and
the relationship with the apoptotic pathway. As a
result, when the modulating effects of estradiol
treatment are examined after exercise training, it
has negative results in the cortex of the adrenal
gland. Especially ZF and ZR can cause cellular
degeneration and cell death.

Conclusion:

The result if we take everything into account, the
short-term effects of exercise can be seen in some
areas of the adrenal glands. As a result, we can say
that all zones in the adrenal cortex exercising a
strong influence in the short term. In the end, the
response of heavy exercise and physical activity to
stress exposure can have a negative effect on the
adrenal gland.
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