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Abstract

Background: Thyroid dysfunction may occur in women
in menopausal period or after ovariectomy. Effect of exercise
on thyroid function remains controversial and need more
investigations.

Aim of Study: This study was done to investigate the effect
of chronic regular swimming exercise on thyroid function in
ovariectomized rats.

Material and Methods: Rats were divided into 6 groups
(7 rats per each); Sham-operated sedentary (sham-S) group,
(2) Sham-operated with swimming exercise training (sham +
Ex) group, (3) Ovariectomized sedentary (OVX-S) group, (4)
OVX-group with swimming exercise training (OVX + Ex),
(5) OVX-group injected with 17-f estradiol (OVX + E), (6)
OVX-group with swimming exercise training and injected
with 17-R estradiol (OVX + Ex + E). 3 months after the
surgery, rats were exposed to the exercise protocol for another
3 months. BMI was calculated. At the end experimental period,
the serum levels of T3, T4, TSH, estradiol and interleukin-6
(IL-6) were determined. The thyroid glands were weighed.
The histopathological examination of thyroid tissue was done
for determination of epithelial cell height, follicular and
colloidal areas.

Results: In OVX-S group, final BMI was significantly
increased, serum levels of T3 and T4 were significantly
decreased with significant increase of serum TSH level as
compared with Sham-S group. While, as compared to OVX-
S group, final BMI was significantly decreased, T3 and Ty
levels were significantly increased with decrease of TSH level
in OVX-treated groups. Estradiol level was significantly
decreased in OVX-S group compared to sham-S group. While,
in comparison with OVX-S group, its level significantly
increased in OVX-treated groups. Serum IL-6 was insignificant
changed between Sham-S, OVX-S and OVX + E groups. But,
it significantly increased in Sham-Ex, OVX + Ex and OVX
+ Ex + E groups as compared to Sham-S, OVX-S and OVX
+ E groups. Histopathological examination showed significant
decrease of the thyroid gland weight and height of epithelial
cells, with significant increase in the follicular and colloidal
areas in the OVX-S group as compared to sham-S group.
These histopathological changes were improved in OVX-
treated groups.

Correspondence to: Dr. Mervat H. El-Saka,
E-Mail: tantaphysiolo ahoo.com

Conclusion: We concluded that regular swimming exercise
in OVX-rats ameliorated the thyroid hypofunction which may
be related to its ability to increase estradiol level in these rats.

Key Words: Swimming exercise — Thyroid function — Ovariec-
tomized rats — 17-B estradiol.

Introduction

MENOPAUSE is a natural event in women which
represents the end of the reproductive period of
women [1]. It is characterized by dramatic reduction

of the circulating estrogen [2] . Ovariectomized
(OVX) animals could be used as models for men-

opause with reduced estrogen functions [3]. Estro-
gen has an important role in regulation of the
functions of organs including the thyroid gland [4].

There are some clinical studies have been
proved that the reduction of the circulating estrogen
levels in menopause or after ovariectomy led to
dysfunction of the thyroid gland [5,6]. This dys-
function may include hyper or hypothyroidism,
and autoimmune thyroiditis, which are the most
common disorders in postmenopausal period [7].
Estrogen therapy, in postmenopausal women, alle-
viates the menopausal symptoms as insomnia, hot
flashes, and prevents osteoporosis [8]. Some studies
have demonstrated that estrogen treatment in men-
opausal period activates the pituitary-thyroid axis
[9]. However, hormonal replacement therapy may
have adverse effects as incidence of breast cancer

(10}

Some previous studies demonstrated that exer-
cise might enhance the function of the thyroid
gland [11]. Several studies have reported that the
physical exercise could increase the circulating
estrogen levels in postmenopausal women [12,13]
and OVX rats [14].

Effect of exercise on the thyroid hormones
remains controversial. Some studies have reported
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that exercise has no effect on the thyroid hormones
levels [15], other researches demonstrated that
exercise significantly reduced thyroid hormones
levels [16]. While, other reports showed increase
in the levels of these hormones in response to
exercise [17] . These contradictory results may be
due to the difference in the protocols of exercise
intensity or difference in the time of evaluation of
the humans or animals after exercise [18].

Although, there were numerous previous studies
aiming to evaluate the effect of exercise on thyroid
function. But, there has been no study investigating
the effect of regular exercise on the thyroid function
in OV X rat model. So, this study designed to
evaluate the effect of chronic regular swimming
exercise on thyroid function in ovariectomized
rats.

Material and M ethods

Animals;

This study was carried out on 42 female albino
rats of local strain, aged 12-14 weeks, weighing
240-250gm. They were purchased from the Animal
House of Tanta University of Medical Sciences.
The animals were kept in clean cages, six rats per
each cage. The animals allowed free access to
water. They received standard diet free from soy-
bean that may affect thyroid function. They were
maintained at suitable temperature (24 £2°C room
temperature) under controlled light dark cycle of
12h. The animal procedures were approved by
Ethical Committee of Faculty of Medicine, Tanta
University. The study was done from October 2017
to March 2018.

Experimental design and treatment:

Rats were randomly divided into 6 groups (7
rats per each) as following:

1- Sham-operated sedentary (sham-S) group, (2)
Sham-operated with swimming exercise training
(sham + Ex) group, (3) Ovariectomized seden-
tary (OVX-S) group, (4) OV X group with swim-
ming exercise training (OVX + Ex), (5) OVX
group injected with 17- estradiol (OVX + E),
(6) OV X group with swimming exercise training
and injected with 17-f estradiol (OVX + Ex +
E).

3 months after surgical procedures, theratsin
the groups (Sham-S, Sham+Ex, OV X-S, and OV X
+ Ex) were injected with sterile olive oil, as a
vehicle, 0.1ml intraperitoneally (i.p.) once daily
for 3 months, while the other groups (OVX + E
and OV X + Ex + E) wereinjected with 50 pp-la_
B estadiol i.p. once daily [19] for 3 months. Estradiol

was dissolved in 0.1ml olive oil. It was obtained
from Sigma chemical Co.

Surgical procedures:

All the rats were anaesthetized with phenobar-
bital sodium (15mg/kg) i.p. [20]. In the sham-
groups, fat near ovaries were removed instead of
the ovaries. The ovaries were only exposed then
were replaced in the same position. While, in OV X
groups, both ovaries were removed through bilateral
skinincision [21] . 3 months after surgery, blood
samples were collected from rats for determination
of total serum levelsof T3, T4 concentrations. The
rats with euthyroid functions were excluded from
the experiment, while rats with thyroid hypofunc-
tion were randomly divided into 4 OV X groups as
mentioned previously. They are found to be 28 rats
with thyroid hypofunction. While, the total number
of the OV X rats was 60 rats.

Swimming exercise protocol:

Three months after the surgery, rats were ex-
posed to the exercise protocol. The exercise proto-
col consisted of two periods: Adaptation to water
period, and exercise period.

- Adaptation to water period: The purpose of this
period is adaptation of the ratsto water to reduce
water stress. This adaptation consisted of exposure
of ratsto water for 10 minutes at a temperature
(30£1C°) daily, for two weeks in awater tank
(80cm in length, 50cm in width, and 90cm in
depth) [22].

- Exercise period: In the swimming exercise period,
the swimming exercise was performed 5 times/
week for 60min./time for two and half months.
The rats swam individually in awater tank. The
swimming training was done in water temperature
of (30+ 1C°, between 10-12h am.) [22].

Body Mass Index (BMI) measurement:

Body weight of the animals were measured just
at the start of the experiment and at the end of the
experimenta period. Theinitial and final BMI was
calculated by the following equation [23] .

Body weight
BMI = y ght (9)

Length? (cm?)

Hormonal assay and biochemical measurements:

At the end of the experimental period, the
animals were scarified by cervical decapitation
about 24 hours after final swimming exercise
training and/or estradiol treastment to avoid effect
of acute stress. The blood samples were collected,
then centrifuged at 3000rpm for 15 minutes. Serum
samples were separated and stored at —20°C for
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determination of total T 3[24], T4[25], TSH [26] and
estradiol [27] levels by Radioimmunoassay (RIA),
viausing commercial kits. Also, serum level of
Interleukin-6 (IL-6) [28] was determined by ELIZA
kits.

Histopathol ogical examination:

The thyroid glands were dissected out, weighed.
Then, they were immediately immersed in 4%
formaldehyde solution, embedded in paraffin. They
cut longitudinally in 4 gn.sactions, stained with
hematoxylin and eosin (H & E) to determine mor-
phological changes of thyroid tissue by light mi-
croscope [29] . For each sample, the follicular and
colloidal areas were determined and the epithelial
cell height was measured. The histopathol ogical
examination was done at the pathology department
of Faculty of Medicine, Kafr El-Sheikh University
by an experienced pathol ogist, who was blinded
to the analyzed groups.

Satistical analysis:

The data were shown as the mean * standard
deviation. Data from the study were analyzed using
one-way ANOVA followed by Tukey's test to assess
the significance. The relationship between plasma
BMI, T3, T4 and TSH was examined by Pearson's
correlation coefficient. p-values <0.05 were con-
sidered statistically significant. All the analyses
were performed using SPSS for windows (Version
21.0).

Results

Initial and final BMI in all studied groups:

Aspresented in (Table 1) & Fig. (1): Theinitial
BMI was insignificantly changed between all stud-
ied groups. While, at the end of the experiment,
the final BMI was significantly increased in OV X-
S as compared to sham-S group. There was no
significant difference in the final BM| between
sham-S and sham-Ex groups. But, as compared to
OV X-S group, the final BMI was significantly
reduced in OV X-treated groups (OVX + Ex, OVX
+ E, and OVX + Ex + E).
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As compared to OV X-S group, the percent
decrease of the final BMI was 22.65% in OV X +
Ex group, 3.84% in OV X + E group, and 23.02%
in OVX + Ex + E group.

Asdocumented in (Table 2), T 3 and T4 were
negatively correlated with final BMI. However,
TSH showed positive correlation with final BMI
in OV X-S group and OV X-treated groups.

Table (1): Initial and final BMI in al studied groups.

Initial BMI Fina BMI
Groups
P (grem) (gem )
Sham-S group 0.602+0.020 0.601+0.018
Sham-Ex group 0.604+0.021 0.593+0.016
OVX-Sgroup 0.601+0.019 0.808+0.0112
OVX + Ex group 0.603+£0.018 0.625+0.0128°b
OVX + E group 0.595+0.020 0.777+0.0062°b'c
OVX +Ex+Egroup  0.599+0.017  0.622+0.008P'd
Data are given asmean = SD.
a: p<0.05 vs (sham-S) group.
b: p<0.05 vs (OV X-S) group.
C: p<0.05vs OVX + Ex group.
d: p<0.05vs OV X + E group.
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Fig. (1): Initial and final BMI in al studied groups.

Data are given asmean = SD.
a: p<0.05 vs (sham-S) group.
b: p<0.05 vs (OV X-S) group.

C: p<0.05 vs OV X + Ex group.
d: p<0.05 vsOVX + E group.

Table (2): Correlation between final BMI and T 3, T4 and TSH in OV X-S group and OV X-treated groups.

BMI (g/cmz)
Parameters OVX-S group OVX + Ex group OVX + E group OVX + Ex + E group
r p-vaue r p-value r p-value r p-value
T3 (ng/ml) —0.990 0.001* -0.804 0.029* -0.911 0.004* -0.809 0.028*
T4 (ng/ml) -0.981 0.001* -0.904 0.005* -0.896 0.006* -0.760 0.047*
TSH (ng/ml) 0.983 0.001* 0.926 0.003* 0.779 0.039* 0.894 0.007*

*: Statistically significant.
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Serum T3, T4 and TSH levels in all studied
groups:

These were presented in (Table 3), as regard
OVX-S group, serum levels of T3 and T4 were
significantly decreased with concomitant significant
increase of serum TSH level as compared with
sham-S group. While, as compared to OVX-S
group, T3 and Ty levels were significantly increased
with concomitant decrease of TSH level in OVX-
treated groups (OVX + Ex, OVX + E, and OVX
+Ex +E).

The percent of increase of T 3 and T4 in the
OVX-treated groups as compared to OVX-S group
showed that, it was 53.2% and 18.8% for T 3 and
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T4 respectively in OVX + Ex group, 63.75% and
44.5% in OVX + E group, and 74.2% and 58.5%
in OVX + Ex + E group. While, the percent de-
crease of TSH was 10.2% in OVX + Ex group,
27.55% in OVX + E group, and 33.2% in OVX +
Ex + E group as compared to OVX-S group.

It was noticed that, there was insignificant
change between Sham-Ex and Sham-S groups.
Also, it was observed that as compared to sham-
S group, T3 and T4 levels were still significantly
lower in OVX + Ex and OVX + E groups than the
normal values in sham-S group, but in OVX + Ex
+ E group, their levels returned to the normal
values.

Table (3): Serum T3, T4 and TSH levels in all studied groups.

Groups T3 (ng/ml) T4 (ng/ml) TSH (ng/ml)
Sham-S group 2.2240.11 8.63+0.30 3.29+0. 14
Sham-Ex group 2.27£0.09 8.69+0.26 3.31x0.16
OVX-S group 1.24+0.052 5.42+0.292 5.64+0.142
OVX + Ex group 1.90£0.062°b 6.44+0.81 2°b 4.96+0.132p
OVX + E group 2.03£0.052°bc 7.83+0.492°b%¢ 4.09+0.222b’¢
OVX + Ex + E group 2.16+0.07b’cd 8.59+0.24b'c’d 3.77+0.272°b’erd

Data are given as mean * SD.
a: p<0.05 vs (sham-S) group.

Serum estradiol level in all studied groups:

As shown in Table (4) & Fig. (2), compared to
sham-S group, estradiol level insignificantly
changed in sham + Ex group. But, it was signifi-
cantly decreased in OVX-S group. While, in com-
parison with OVX-S group, estradiol level signif-
icantly increased in OVX + Ex with percent
increase 41.95%, in OVX + E group with percent
increase 311% and also increased in OVX + Ex +
E with percent increase 318.9%. The estradiol level
significantly increased in both OVX + E and OVX
+ Ex + E groups as compared to Sham-S group.
There was no significant difference in estradiol
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level between both OVX + E group and OVX +
Ex + E group.

Table (4): Serum estradiol and IL-6 levels in all studied groups.

Groups Estradiol (pg/ml) IL-6 (pg/ml)
Sham-S group 25.6312.36 23.83+2.59
Sham-Ex group 26.34+2.63 30.95+5.392
OVX-S group 72140.062 24.61+2.21
OVX + Ex group 10.2340.51 ab 44.0942.792b
OVX + E group 29.63+1.282b°¢  24.45+3.02¢
OVX +Ex+Egroup 30.20+1572bc¢ 4531+ 642°b°d

Data are given as mean * SD.
a: p<0.05 vs (sham-S) group.
b: p<0.05 vs (OVX-S) group.

c:p<0.05 vs OVX + Ex group.
d: p<0.05 vs OVX + E group.

50 a,b a,b,d

OVX +
Ex+E

Sham Sham OVX OVX OVX
-S -Ex -S -Ex +E

Fig. (2): Serum estradiol and IL-6 levels in all studied groups.

Data are given as mean £ SD.
a: p<0.05 vs (sham-S) group.

b: p<0.05 vs (OVX-S) group.
c: p<0.05 vs OVX + Ex group.

d: p<0.05 vs OVX + E group.
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Serum IL-6 levels in all studied groups:

As regard serum IL-6, there was no significant
difference between Sham-S, OVX-S and OVX +
E groups. But, IL-6 level significantly increased
in sham-Ex, OVX + Ex and OVX + Ex + E groups
as compared to Sham-S, OVX-S and OVX + E
groups. There was no significant difference between
OVX + Ex and OVX + Ex + E groups, (Table 4)
& Fig. (2).

Histopathological evaluation:

Data belonging the histological changes from
thyroid tissue samples were presented in Figs. (3,4)
& (Table 5): The sham-S and sham-Ex groups
showed normal histopathological picture of the
thyroid gland. While, in OVX-S group, it was
noticed that there was significant decrease of the
thyroid gland weight and the epithelial cell height,
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with significant increase of size of follicular areas,
and colloidal areas when compared to sham-S
group. In OVX-treated groups, it was observed
that there was significant increase of the weight
of the thyroid gland, and the height of epithelial
cells, with concomitant significant decrease of the
follicular areas and colloidal areas as compared to
OVX-S group. But, these parameters were still
significantly changed as compared to sham-S group.

As compared to OVX-S group, the percent
increase of the thyroid gland weight was 28.48%
in OVX + Ex group, 53.35% in Ovx + E group,
and 58.88% in OVX + Ex + E group. As regard
the epithelial cell height, the percent increase was
37.3% in OVX + Ex group, 72.64% in OVX + E
group, and 83.58% in OVX + Ex + E group as
compared to OVX-S group.

Table (5): Thyroid gland weight, and morphological changes in all studied groups.

Groups Thyroid weight (gm)  Epithelial cell height ( g  Follicular area ( [nE—_ Colloidal area ( lnzl
Sham-S group 18.5340.77 4.63+0.35 3.20+0.28 1.24+0.16
Sham-Ex group 18.55+0.88 4.4840.27 3.33+0.21 1.1740.13

OVX-S group 10.64+0.252 2.01+0.14a 5.01+0.14a 3.78+0.112

OVX + Ex group 13.67+0.363b 2.76+0.728°b 4.01+0.072'b 2.72+0. 1 8a,b
OVX + E group 16.33£0.403bc 3.47+0.11 a:bc 3.69+0.108b¢ 1.4940.153.b:c
OVX + Ex + E group 16.90£0.41 a.b.c 3.6940.103.bsc 3.454(0.10ab,c 1 .42+0. 123,

Data are given as mean * SD.
a: p<0.05 vs (sham-S) group.

@A) (B)

D) (E)

b: p<0.05 vs (OVX-S) group.
c:p<0.05 vs OVX + Ex group.

d: p<0.05 vs OVX + E group.

©

Fig. (3): Histopathological
evaluation in all studied groups.
Both (A) sham-S group & (B)
sham-Ex groupshowed normal
histopathological structure of
the thyroid gland. (C) OVX-S
group with decreased epithelial
cell height, increased follicular
and colloidal areas. (D) OVX +
EX group, (E) OVX + E group
and (F) OVX + EX + E group,
respectively showed increased
epithelial cell height, decreased
follicular and colloidal areas.
Magnification H & E X400.
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Fig. (4): Thyroid gland weight, and morphological changes in all studied groups.

Data are given as mean * SD.
a: p<0.05 vs (sham-S) group.

The percent decrease of the follicular area was
19.96% in OVX + Ex group, 26.3% in OVX + E
group, and was 31.1% in OVX + Ex + E group as
compared to OVX-S group. While, the percent
decrease in the colloidal area was 28% in OVX +
Ex group, 60.58% in OVX + E group, and 62.40%
in OVX + Ex + E as compared to OVX-S.

Discussion

The present study showed that the thyroid func-
tion significantly impaired in OVX rats as compared
to rats with intact ovaries. While, chronic regular
swimming exercise and/or estrogen treatment for
3 months after ovariectomy ameliorated the changes
in the thyroid function.

It was documented in this study that final BMI
was significantly increased in OVX-group as com-
pared to sham-S group. This might be produced
as a result of increased food intake and decreased
energy expenditure [30]. The increase of BMI fol-
lowing ovariectomy could be explained by decrease
in estradiol level [31]. It has been proved that
estradiol deficiency leads to increased food intake,
although it wasn't estimated in our study. But, it
was observed in the previous studies with ovariec-
tomy [32].

b: p<0.05 vs (OVX-S) group.
c:p<0.05 vs OVX + Ex group.

d: p<0.05 vs OVX + E group.

Also, the results of the present study proved
that regular swimming exercise and/or estradiol
treatment significantly reduced final BMI as com-
pared to OVX-S group. The restoration of body
weight and hence BMI in OVX + Ex group might
be explained by the direct effect of the exercise
itself to increase energy expenditure [33], and also
due to increasing estrogen production from extrago-
nadal tissues [34], estrogen acts to prevent increasing
BMI via suppressing appetite and increasing the
energy expenditure [35].

In the same way, the reduction of BMI in OVX
+ E group could be explained by estrogen treatment
with the previous mentioned effects. It was proved
that estradiol administration in OVX-rats increased
leptin level and increased its central sensitivity
[32]. It has been known that leptin is anorexogenic
hormone that suppresses appetite and decreasing
body weight [36].

The results of the present study demonstrated
that there was significant decrease in the serum
levels of T3 and T4 with significant increase in
TSH level in OVX-S group as compared with
sham-S group. These results were in accordance
with Abdel-Dayem and Elgendy [37], who reported
decrease of the thyroid function in OVX rats. The
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mechanism that explained the hypofunction of the
thyroid gland in OV X-rats still unclear. But, it
could be explained by reduction of estrogen level
in the OV X-rats. Another explanation was that
there might be alink between obesity, that was
observed in the OV X-rats as evidenced in our
results, and hypothyroidism [38] . Therewas a
previous study suggested that obesity isarisk
factor for autoimmune thyroid dysfunction, which
is considered to be the main cause for hypothy-
roidism [39] . Thiswas proved in the results of the
present work by the positive correlation between
TSH and BMI, while negative correlation between
thyroid hormones (T 3 & T4) and BMI.

Our results revealed that both chronic regular
swimming exercise and/or estradiol treatment sig-
nificantly improved the thyroid hypofunction, as
evidenced in our results by significant increase of
T3 and T4 levels with significant decrease of TSH
level when compared with OV X-S group. Also, it
was observed that, the percent increase of T 3 and
T4 levels was more higher after combined exercise
training and estradiol treatment than exercise train-
ing alone or estradiol treatment alone.

The mechanism by which regular exercise train-
ing improved the thyroid function could not be
elucidated. But, it might be explained by that
exercise training increased serum estradiol level,
as evidenced in our study, which in turn affected
the thyroid function in OV X-rats. Also, estradiol
treatment in OV X-rats improved thyroid function
which could be explained by direct effect of estra-
diol on the thyroid gland due to presence of its
receptorsin the gland [40] . This also was evidenced
by previous studies on thyroid cellsin vitro report-
ing that estrogen had an important role in the
proliferation of thyroid cells [41].

The results of the present study demonstrated
that in OV X-S group, there was significant reduc-
tion of serum estradiol level as compared to the
sham-rats. These results were consistent with pre-
vious studies showed that serum estrogen level
decreased after ovariectomy [42].

Also, the results of the present study proved
that this reduction was reversed by regular swim-
ming exercise training and/or estradiol treatment.
Also, anumber of previous findings supported our
results that exercise could increase serum estrogen
level in OV X-rats [43] . However, some clinical
reports found that estrogen levels were insignifi-
cantly changed in response to exercise [44] . These
contradictory results might be caused by the dif-
ference in the age of patients or animals and the
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difference in the exercise intensity [45] . The mech-
anism by which regular exercise training increased
serum estradiol level in OV X-rats was unknown
and needed further investigations. But, it could be
explained by extragonadal synthesis of estadiol in
OV X-rats following regular swimming exercise
[34].

Estradiol is considered one of steroid hormones,
its synthesis could be mediated by IL-6 [43]. The
later might be produced by muscles during exercise
[46). When IL-6 increases in the circulation, it will
be able to increase aromatase activity in extrago-
nadal sites as adrenal cortex, adipose tissue and
bone [47].

The present study revealed that the serum level
of 1L-6 significantly increased only in sham-Ex
and OV X rats after chronic regular swimming
exercise training alone or when combined with
estradiol treatment as compared to OV X-Srats
and sham-S group. The increased level of IL-6
after exercise training in sham-Ex and OV X-rats
could be explained by its production by the muscles
during exercise [46] . Hence, the increased levels
of serum IL-6 in OV X-groups after exercise could
explained the increase serum estardiol level in
these groups.

Also, histopathological data from the results
of our study indicated that in OV X-S group, the
thyroid gland weight significantly decreased with
decrease in the height of epithelial cells. While,
the follicular and colloidal areas were significantly
increased which confirmed the hypoactivity and
hypofunction of the thyroid gland evidenced by
biochemical analysis. These histopathol ogical
changes were attenuated by chronic regular swim-
ming exercise and/or estradiol treatment.

From all the previous biochemical and his-
topathological results, it was observed that combi-
nation of exercise training with estradiol treatment
were more efficient than exercise or estradiol
treatment alone.

Conclusion:

We observed that ovariectomy caused thyroid
hypofunction in rats with significant decrease of
estradiol level. While, chronic regular swimming
exercise significantly improved the thyroid function
with significant increase of estradiol level. These
findings were of great interest as they clarified the
possible beneficial effect of regular exercisein
postmenopausal period on thyroid function, which
can be combined or replace the hormonal replace-
ment therapy with estrogen in this period of life
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with multiple hazards of estrogen. So, further
investigations for the effect of regular exercisein
women in menopausal period were needed. Also,
further investigations will be needed to clarify the
possible mechanisms for the effects of exercise on
thyroid functions in postmenopausal period.
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