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Abstract
Background: Type 2 diabetes mellitus (T2DM) and thyroid dysfunctions are commonly observed
concomitant endocrinopathies that have a common pathogenesis of insulin resistance. Also, adropin is a
metabolic hormone that is secreted by many structures in the body. On the other hand, moderate exercise
training was recorded to combat changes that occurred with obesity. But, the available information about the
effect of type 2 diabetes mellitus on testicular function was contradictory and a scarce data was available on
the effect of exercise training and adropin treatment on both thyroid and testicular functions in obese type 2
diabetic rats.
Aim: This study investigated thyroid and testicular function changes occurred in obese type 2 diabetic
rats and explored the effect of moderate exercise training and adropin treatment.
Materials and Methods: Rats in this 10 weeks' study were divided randomly into two main groups,
lean non-diabetic (were fed on ordinary chow) and obese diabetic [were fed on high fat and received
streptozotocin (35 mg/kg) at the start of the 5th week]. Each main group was subdivided into sedentary,
exercised and adropin treated subgroups. For the last 5 weeks of the study, rats in the exercised subgroups
were exposed to a moderate swimming exercise protocol, while those in the adropin treated subgroups were
administered adropin daily (2.1 μg/kg).
Results: Obese diabetic groups had a significant increase in the final body weight, weight difference,
body mass index (BMI), serum levels of [glucose, insulin, triglycerides (TG), total cholesterol (TC), low
density lipoprotein (LDL), tumor necrosis factor alpha (TNFα), malondialdehyde (MDA) and thyroid
stimulating hormone (TSH)] and value of homeostasis model assessment of insulin resistance index
(HOMA-IR), with a significant decrease in serum [adropin, high-density lipoprotein (HDL), superoxide
dismutase (SOD), thyroxine (T4), triiodothyronine (T3), follicle stimulating hormone (FSH), luteinizing
hormone (LH) and testosterone] and epididymal sperm [count, motility and deformity] in comparison with
the lean non-diabetic groups. Also, within the obese diabetic groups, serum adropin was negatively
associated with weight difference, BMI, serum (glucose, TC, TNFα and TSH) and HOMA-IR, but it was
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positively correlated to serum (HDL, SOD, T4, LH and testosterone) and epididymal sperm count. With both
moderated exercise training (obese diabetic exercised group) and adropin treatment (obese diabetic adropin
treated group), a significant decrease was detected in the final body weight, weight difference, BMI, serum
levels of (glucose, insulin, TG, TC, LDL, TNFα, MDA and TSH) and HOMA-IR value, with a significant
elevation in serum (adropin, HDL, SOD, T4, T3, FSH, LH and testosterone) and epididymal sperm [count,
motility and deformity] in comparison with the obese diabetic sedentary group.
Conclusion: Both moderate exercise training and exogenous adropin treatment deteriorated thyroid and
testicular function changes occurred in obese type 2 diabetic rats through their anti-inflammatory and
antioxidant effects.
Keywords: Adropin, Exercise training, Thyroid function, Testicular function
1. Introduction
Adropin is a metabolic hormone that was
isolated in 2008 by Kumar et al and is expressed by
the energy homeostasis associated (Enho) gene in
the liver and the brain of mice [1]. Also, it is
expressed in the rat brain, endothelium, liver,
skeletal muscle and pancreas [2, 3]. S Gao, et al. [4]
declared that treatment of diet-induced obese (DIO)
mice with adropin (34 − 76) improved glucose
tolerance, oxidative glucose metabolism and insulin
receptor signaling in skeletal muscle. Also, R
Akcilar, et al. [5] noticed that adropin regulated
glucose and lipid metabolism in rats.
KG Kumar, et al. [1] found that liver Enho
expression was suppressed in DIO mice and they
have indicated an association between adropin
deficiency, increased adiposity, and insulin
resistance. Also, K Ganesh ‐ Kumar, et al. [6]
detected insulin resistance in the adropin knockout
mice. Obesity which is a common health problem
refers to excessive accumulation of body fat, and
has a negative impact on health and is linked to
many diseases including type 2 diabetes mellitus
(T2DM) [7].
On the other hand, the effect of obesity on
fertility has been extensively investigated. However,
the results of those studies showed controversies. A
meta-analysis performed by MacDonald et al. found
no statistically significant association between body
mass index (BMI) and semen parameters [8]. Also,
AS Aggerholm, et al. [9] and C Niederberger [10]
claimed no relationship between obesity and sperm
concentration, motility or morphology. On the other
hand, C-W Tsao, et al. [11] found a significant Jshaped association between BMI and an abnormal
sperm count.

Also, JE Chavarro, et al. [12], F Hammiche, et
al.
and N Sermondade, et al. [14] reported that
increased BMI was accompanied by poor semen
quality, decreased sperm concentration, decreased
normal motile sperm cells, and increased DNA
fragmentation index. ES Ford, et al. [15] stated that
when obesity was accompanied with a sedentary
lifestyle, it may predispose to T2DM. C Han, et al.
[16]
observed that the T2DM was linked with a 1.93fold increase in risk of hypothyroidism. Less data
was available about the relation between adropin
and thyroid function, although, G Akbaba, et al. [17]
found that adropin levels were lower in
hypothyroidism than those in the control group.
On the other hand, MR Nikoobakht, et al. [18]
reported that hypothyroidism adversely affected
sperm count, morphology, and motility. CK Roberts,
et al. [19] and I Moinuddin and DJ Leehey [20] stated
that exercise training was a measure to combat
obesity and its complications. Also, H Zhang, et al.
[21]
reported that exercise improved serum adropin
levels in obese patients. Moreover, E Rahimi, et al.
[22]
found that exercise training affected thyroid
function.
Thus, this study aimed to investigate the effect
of exercise training and adropin treatment on
testicular and thyroid function changes in obese
type 2 diabetic rats and to clarify the possible
involved mechanisms.
[13]

2. Materials and Methods
Animals: 48 adult male albino rats of local
strains weighing 180 – 210 gm, obtained from
Zagazig Faculty of Veterinary Medicine, housed in
a light- and temperature-controlled room on a12
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h/12 h light–dark cycle and had free access to food
and water throughout the experimental period.
The experimental procedures were achieved
according to the guide for the care and use of
laboratory animals (8th edition, National Academic
press) which was approved by Zagazig University
Institutional Animal Care and Use Committee (ZUIACUC); Zagazig, Egypt.
Drugs and chemicals: Rats (in obese diabetic
group) received a single intraperitoneal (i.p.)
injection of streptozotocin (STZ, 35 mg/kg, SigmaAldrich, St. Louis, MO, USA) dissolved in 0.1 M
citrate buffer with pH of 4.5 [23]. Rats of adropin
treated groups received a single daily i.p. dose of
adropin (34-76) (2.1 μ g/kg, Phoenix
Pharmaceuticals, Inc., Burlingame, USA) dissolved
in saline [5].
Experimental design (table 1): After one week
of acclimatization, rats were divided randomly into
two groups, I (lean non-diabetic) and II (obese
diabetic). Group I (lean non-diabetic group, n=24):
the animals in this group were fed on ordinary
laboratory chow diet, consisted of carbohydrate
62.8%, protein 25.8% and fat 11.4% (obtained from
Zagazig Faculty of Agriculture), for 10 weeks
(duration of the study), and further subdivided into
3 subgroups; group IA (sedentary group, n=8) in
which the rats remained sedentary in their cages (no
exercise), group IB (exercised group, n=8) in which
the rats were trained by swimming exercise training
of moderate intensity (one hour/day, five days/week)
[24]
in the last 5 weeks of this 10-week-study, and,
group IC (adropin treated group, n=8) in which rats
received a single daily intraperitoneal (i.p.) dose of
adropin (34-76) dissolved in saline at a dosage of
2.1 μ g/kg/day [5] for the last 5 weeks of the study
while they remained sedentary in their cages. Rats

of lean non-diabetic sedentary and lean non-diabetic
exercised groups were injected i.p. daily with a
single dose of 0.1 ml normal saline in the last 5
weeks of the study.
Group II [obese diabetic, n=24]: rats in this
group were fed a highly palatable specially
formulated high fat diet (HFD), to induce obesity,
consisted of 33% standard rat chow, 33% Nestle®
condensed milk, 7% sucrose, and 27% water [25], for
ten weeks (duration of the study). At the start of the
5th week of the study, rats were kept in an
overnight fast and injected with a single dose of
STZ 35 mg/kg body weight in 0.1 M citrate buffer
pH 4.5, i.p. [23]. One week after the STZ injection,
the non-fasting blood glucose levels of all animals
were measured in the blood collected from the tail
vein by using a portable glucometer (Bionime
GM300, Taiwan). The animals with blood glucose
levels higher than 300 mg/dL were accepted for
inclusion as diabetic [5].
Obese diabetic rats of group II were further
subdivided into 3 subgroups; group IIA (obese
diabetic sedentary, n=8) in which the rats remained
sedentary in their cages (no exercise), group IIB
(obese diabetic exercised, n=8) in which the rats
were trained by swimming exercise training of
moderate intensity in the last 5 weeks of the study
as in group IB, and, group IIC (obese diabetic
adropin treated, n=8) in which the rats received a
single daily i.p. dose of adropin (34-76), as in group
IC, for the last 5 weeks of the study while they
remained sedentary in their cages.
Rats of obese diabetic sedentary and obese
diabetic exercised groups were injected i.p. daily
with a single dose of 0.1 ml normal saline in the last
5 weeks of the study. Also, rats of group I received
a single i.p. injection with 0.1 ml normal saline at
the start of the 5th week of the study.

Table 1: Experimental design
Group I (Lean Non-diabetic)
Group II (Obese Diabetic)
Sedentary
Exercised
Adropin
Sedentary
Exercised Adropin treated
(IA)
(IB)
treated (IC)
(IIA)
(IIB)
(IIC)
Number of rats
8
8
8
8
8
8
Study duration
10 weeks
10 weeks
10 weeks
10 weeks
10 weeks
10 weeks



Ordinary diet



HFD



Streptozotocin i.p.


Exercised


Adropin (34-76) i.p.
HFD: High fat diet, i.p.: intraperitoneal injection.
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Body mass index (BMI) assessment: BMI was
evaluated at the end of the 4th week to confirm
occurrence of obesity (more than 0.68 gm/ cm ² ),
and, at the end of the study to explore the changes
in BMI among different groups. This was achieved
by using the equation: BMI= [Body weight (gm)] /
[Length2 (cm2)(from nose to anus length)] [26]. Rats
in HFD fed groups that did not gain weight after 4
weeks of the start of HFD were considered resistant
and were excluded.
Swimming exercise program: The rats in
exercised groups practiced a moderate intensity
swimming exercise in a cylindrical tank 80 cm high,
45 cm diameter, and filled with 32- 35°C water 45
cm deep, one hour/day, five days/week for 5 weeks
[27]
. For 15 minutes/day, swimming rats were
initially trained and the duration was increased
gradually such that the rats were able to perform
exercise for one hour/day, that was achieved in one
week [28]. Exercise was practiced between 9.3010.30 am. At end of each session of exercise, rats
were kept to dry in a warm environment [29].
Assessment of serum glucose, insulin, lipid
profile, hormones, inflammation and oxidative
stress: At the end of the experimental period and
after 12 hours fasting, rats were sacrificed by
decapitation, blood samples were collected and
allowed to clot at room temperature (23 ± 3 º C)
before centrifuging at 3000 revolutions per minute
(rpm) for 15 minutes. In dark containers, the
separated serum was stored at -20 ° C for
biochemical assay using suitable kits and following
manufacture instructions. Serum levels of glucose,
insulin, total cholesterol (TC), triglycerides (TG),
high-density lipoprotein (HDL) and tumor necrosis
factor alpha (TNFα) were estimated using specific
kits (Sigma-Aldrich, St. Louis, MO, USA). Also,
enzyme-linked immunosorbent assay (ELISA) kits
(LifeSpan BioSciences, Washington, USA) were
used for estimating serum levels of adropin,
testosterone, follicle stimulating hormone (FSH),
luteinizing hormone (LH), triiodothyronine (T3),
thyroxine (T4) and thyroid stimulating hormone
(TSH). Furthermore, serum superoxide dismutase
(SOD) and malondialdehyde (MDA) levels were
assessed spectrophotometrically using commercial
kits (Biodiagnostics, Egypt). Absorbance was

evaluated using an UV-visible spectrophotometer
(UV– 1601PC; Shimadzu, Japan).
Serum levels of low-density lipoprotein (LDL)
were investigated using Friedewald formula:
LDL (mg/dl) = [TC] – [(HDL) + (TG / 5)] [30]
Assessment of insulin resistance: Homeostasis
model assessment of insulin resistance (HOMA-IR)
index was measured by the formula:
HOMA-IR= [(Insulin in IU/L) X (Glucose in
mg/dl)] / 405 [31].
Assessment of epididymal sperm count,
motility and morphology: The separated epididymis
was minced and placed in 1 ml of phosphate
buffered saline (pH 7.2) to have a suspension [32]
used to assess the sperm count by the standard
method in Neubauer’s chamber [33]. In leukocyte
hemocytometer, a part from the suspension (up to
0.5) was taken and diluted with phosphate buffered
saline up to the mark 11. After mixing the
suspension well, it was applied into Neubauer’s
counting chamber. The total sperm count in 8
squares except the central erythrocyte area of 1
mm2 each was determined under light microscope
at 400X, and multiplied by 5×104 to calculate the
number of spermatozoa/ml. The percentage of
sperm motility was calculated by dividing the
number of motile sperm cells by the total number of
sperm cells (motile and non-motile), where the
motile sperm cells were those that displayed some
movement, while the non-motile sperm cells were
those which were not moving [34] . Also, the
deformed sperm percentage was calculated.
Statistical Analysis: The obtained data was
expressed as mean ± standard deviation (SD). For
statistical significance, one-way ANOVA and
Tukey HSD for Post hoc multiple comparisons were
used to compare means. The software, IBM
Statistical Package for Social Sciences (SPSS)
Version 25 Software for Windows, was used for
that purpose. Also, Graph Pad Prism (Version 8
Software for Windows) was used to analyze the
Pearson's correlation coefficient between serum
levels of adropin and different studied parameters
within the obese diabetic groups (sedentary,
exercised and adropin treated). Significance was
considered with p value ≤ 0.05.
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3. Results
In this study, HFD and a single dose of STZ
were used for induction of T2DM and then we
studied the effects of both moderate swimming
exercise training and exogenous adropin treatment
on thyroid and testicular function changes in obese
diabetic rats in comparison to lean non-diabetic rats.
Effect of exercise training and exogenous
adropin treatment on biochemical changes in obese
diabetic rats (table 2 and Fig. 1): Our results showed
a significant (P<0.05) increase in final body weight,
weight difference (the difference between final and
initial body weight), final BMI, serum level of
(glucose, insulin, TC, TG, LDL, TNFα and MDA)
and HOMA-IR value, but, a significant (P<0.05)
decrease in serum level of adropin, HDL and SOD
in obese diabetic sedentary group, in comparison to
that of the lean non-diabetic sedentary group. These
results confirmed incidence of insulin resistance,
disturbance in lipid profile, deficiency of serum
adropin, inflammation and oxidative stress in obese
diabetic sedentary rats.
On performing exercise training (in obese
diabetic exercised group); final body weight, weight
difference, final BMI, serum level of (glucose,
insulin, TC, TG, LDL, TNFα and MDA) and
HOMA-IR value were significantly (P<0.05)
reduced, but, a significant (P<0.05) elevation was
noticed in serum level of adropin, HDL and SOD in
comparison to obese diabetic sedentary group.
These results reflected that exercise training
deteriorated the metabolic, inflammatory and

oxidative stress changes occurred in obese diabetic
sedentary rats and also increased serum adropin
level.
Also, on adropin treatment (in obese diabetic
adropin treated group), a significant (P<0.05)
decrease was noticed in final body weight, weight
difference, final BMI, serum level of (glucose,
insulin, TC, TG, LDL, TNFα and MDA) and
HOMA-IR value, but, a significant (P<0.05)
increase was reported in serum level of adropin,
HDL and SOD in comparison to those in obese
diabetic sedentary group. These results reflected
that adropin treatment improved the metabolic,
inflammatory and oxidative stress changes occurred
in obese diabetic sedentary rats.
Effect of exercise training and exogenous
adropin treatment on thyroid function changes in
obese diabetic rats (table 3): In obese diabetic
sedentary group, a significant (P<0.001) increase in
serum level of TSH was found, but there was a
significant (P<0.001) decrease in serum levels of T3
and T4, in comparison to that in the lean nondiabetic sedentary group. These results declared
occurrence of hypothyroidism in obese diabetic
sedentary rats. On either performing exercise
training (in obese diabetic exercised group) or
adropin treatment (in obese diabetic adropin treated
group), serum TSH levels were significantly
(P<0.001) reduced, but serum levels of T3 and T4
were significantly (P<0.001) elevated in comparison
with those in the obese diabetic sedentary group.

Parameter
Initial BW (gm)

Table 2. Biochemical changes among different groups
Group I (Lean Non-diabetic)
Group II (Obese Diabetic)
Sedentary Exercised
Adropin
Sedentary
Exercised
Adropin treated
(IA)
(IB)
treated (IC)
(IIA)
(IIB)
(IIC)
191.8±10.4 194±11.4 192.1±11.5
195±9.8
194.9±12.7
194.1±11.2

Final BW (gm)

217.6±8.3

201.6±8.6

213±4.3

399±25.1*#$

BMI (gm/cm )

25.9±12.8
0.54±0.05

7.6±6.2
0.49±0.04

20.9±8.2
0.53±0.04

204±23
0.93±0.09*#$

Serum adropin (ng/ml)
Serum glucose (mg/dl)

36.5±1.6
75.5±1.3

36.8±0.8
72±2

38.1±0.9
73±0.4

Serum insulin (IU/L)

12.4±1.4

10.2±0.9

HOMA-IR
Serum TC (mg/dl)

2.3±0.3
158.6±6

1.8±0.2
157.1±5.7

Group

WD (gm)
2

348.5±21.4*#$
¶

153.6±18.3*#$

373.6±10.9*#$¶†

0.81±0.04

179.5±13.5*#$¶†
0.84±0.04*#$¶

23.4±1.7
416.3±10.7*#$

31.7±2.1*#$¶
261.2±4.3*#$¶

37.7±1.4¶†
284.3±4.9*#$¶†

11.4±1.2

38.6±1.7*#$

28.2±1.5*#$¶

30.8±2.2*#$¶†

2.1±0.2
159.1±4.8

39.7±2.1*#$
287.8±6.6*#$

18.2±1.1*#$¶
242.8±3.8*#$¶

21.6±1.5*#$¶†
260.3±5.8*#$¶†

*#$

*#$

¶

*#$¶
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Serum TG (mg/dl)

129.5±4

121.9±4.9

125.3±7

266.4±16.3*#$

197.8±15*#$¶

207.5±15.3*#$¶

Serum HDL (mg/dl)
Serum LDL (mg/dl)
Serum TNFα
(pg/ml)
Serum SOD (Unit/ml)

64.9±2.4
67.9±5.7
24.1±2.4

68.3±1.7*
64.4±6.1
19.2±1.1

65.8±1.7#
68.3±4.6
20.9±1.2

26.4±1.4*#$
208.1±9.6*#$
94.6±4.8*#$

52.8±2.4*#$¶
150.4±5.3*#$¶
61.8±3.8*#$¶

46.3±1.7*#$¶†
172.5±4.9*#$¶†
68.8±5.6*#$¶†

359.6±5.9

368.4±3.2

367±4.1

170.1±3.5*#$

297.5±7*#$¶

263.8±7.7*#$¶†

Serum MDA (nmol/ml) 11.3±0.3

10.8±0.1

11.1±0.1

22.9±0.2*#$

15.9±0.3*#$¶

18.7±0.7*#$¶†

*

Data was expressed as Mean±SD. *P<0.05 in
comparison with lean non-diabetic sedentary group.
#
P<0.05 in comparison with lean non-diabetic exercised
group. $P<0.05 in comparison with lean non-diabetic
adropin treated group. ¶P<0.05 in comparison with obese
diabetic sedentary group. †P<0.05 in comparison with
obese diabetic exercised group. BW: body weight, WD:

weight difference (the difference between final and
initial body weight), BMI: body mass index, HOMA-IR:
homeostasis model assessment of insulin resistance
index, TC: total cholesterol, TG: triglycerides, HDL:
high-density lipoprotein, LDL: low-density lipoprotein,
TNFα: tumor necrosis factor alpha, SOD: superoxide
dismutase, MDA: malondialdehyde.

Figure 1: Serum adropin level (ng/ml) changes among different groups
Data was expressed as Mean±SD. *P<0.001 in
diabetic adropin treated group (IC). ¶P<0.001 in
comparison with lean non-diabetic sedentary group (IA).
comparison with obese diabetic sedentary group (IIA).
#P<0.001 in comparison with lean non-diabetic exercised
†P<0.001 in comparison with obese diabetic exercised
group (IB). $P<0.001 in comparison with lean nongroup (IIB). IIC: Obese diabetic adropin treated group.

These results confirmed that moderate
swimming exercise training and exogenous adropin
treatment improved thyroid function changes that
occurred in obese diabetic sedentary rats.
Effect of exercise training and exogenous
adropin treatment on testicular function changes in
obese diabetic rats (table 3): In obese diabetic
sedentary group, a significant (P<0.001) decrease
was reported in serum levels of (FSH, LH and
testosterone), and in epididymal sperm (count and
motility) in comparison to those in the lean non-

diabetic sedentary group. These results emphasized
that testicular function was disturbed in obese
diabetic sedentary rats.
On either performing a moderate swimming
exercise training (in obese diabetic exercised group)
or exogenous adropin treatment (in obese diabetic
adropin treated group); serum levels of (FSH, LH
and testosterone), and epididymal sperm (count and
motility) were significantly (P<0.001) increased in
comparison with that in obese diabetic sedentary
group.
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Group

Table 3: Thyroid and testicular function changes among different groups
Group I (Lean Non-diabetic)
Group II (Obese Diabetic)

Serum TSH (IU/L)

Sedentary
(IA)
2.74±0.06

Exercised
(IB)
2.72±0.05

Adropin
treated (IC)
2.73±0.05

Sedentary
(IIA)
17.78±0.27*

Exercised
(IIB)
10.63±0.18*#

Adropin
treated (IIC)
13.32±0.14*#$¶†

Serum T4 (g/dl)

5.21±0.06

5.22±0.04

5.22±0.05

2.31±0.06

3.98±0.1*#$¶

3.42±0.09*#$¶†

Serum T3 (ng/ml)

1.27±0.05

1.26±0.06

1.27±0.05

0.37±0.03*#$

0.82±0.05*#$¶

0.62±0.06*#$¶†

Serum FSH (ng/ml)

6.37±0.04

6.39±0.03

6.4±0.01

4.5±0.08*#$

5.51±0.1*#$¶

5.1±0.06*#$¶†

Serum LH (ng/ml)

6.13±0.07

6.13±0.07

6.13±0.06

4.32±0.06*#$

5.26±0.05*#$¶

4.66±0.08*#$¶†

Parameter

#$

*#$

$¶

Serum Testosterone 4.19±0.06
4.18±0.06
4.19±0.03
2.52±0.06*#$ 3.38±0.03*#$¶
3.03±0.1*#$¶†
(ng/ml)
Epididymal
sperm 43.32±1.3
43.19±1.32
43.65±0.66 29.71±0.54* 38.23±0.57*# 34.84±0.76*#$¶†
#$
$¶
count (million/ml)
8
*
Epididymal
sperm 65.76±1.0
65.16±0.75
65.1±0.85
48.76±0.37
56.68±0.52*# 52.22±0.42*#$¶†
#$
$¶
motility (%)
9
Epididymal deformed 1.6±0.04
1.55±0.06
1.58±0.05
1.6±0.05
1.58±0.04
1.59±0.04
sperm (%)
Data was expressed as Mean±SD. *P<0.001 in
obese diabetic sedentary group. †P<0.001 in comparison
comparison with lean non-diabetic sedentary group.
with obese diabetic exercised group. TSH: thyroid
#
P<0.001 in comparison with lean non-diabetic exercised
stimulating hormone, T4: thyroxine, T3: triiodothyronine,
group. $P<0.001 in comparison with lean non-diabetic
FSH, follicle stimulating hormone, LH: luteinizing
adropin treated group. ¶P<0.001 in comparison with
hormone.

These results confirmed that exercise training
and exogenous adropin treatment deteriorated the
testicular function changes that occurred in obese
diabetic sedentary rats.
Correlations between serum level of adropin
and some biochemical parameters within the obese
diabetic groups (table 4 and Fig.2): Correlations
within the obese diabetic sedentary group between
serum adropin and different studied parameters
showed negative associations with weight
difference (r=-0.84, P<0.01), BMI (r=-0.92, P<0.01),
serum glucose (r=-0.93, P<0.001), HOMA-IR (r=0.84, P<0.01), serum TC (r=-0.91, P<0.01), serum
TNFα(r=-0.96, P<0.001) and serum TSH (r=-0.9,
P<0.01), but, positive correlations were recorded
with serum HDL (r=0.94, P<0.001), serum SOD
(r=0.85, P<0.01), serum T4 (r=0.8, P<0.05), serum
LH (r=0.95, P<0.001), serum testosterone (r=0.93,
P<0.001) and epididymal sperm count (r=0.8,
P<0.05).
On the other hand, within the obese diabetic
exercised group, negative associations were
reported between serum adropin and weight

difference (r=-0.89, P<0.01), BMI (r=-0.93,
P<0.001), serum glucose (r=-0.73, P<0.05),
HOMA- IR (r=-0.85, P<0.01), serum TC (r=-0.83,
P<0.05), serum TNFα (r=-0.81, P<0.05) and serum
TSH (r=-0.97, P<0.001), but, positive correlations
were found with serum HDL (r=0.87, P<0.01),
serum SOD (r=0.98, P<0.001), serum T4 (r=0.86,
P<0.01), serum LH (r=0.87, P<0.01), serum
testosterone (r=0.9, P<0.01) and epididymal sperm
count (r=0.84, P<0.01).
Also, within the obese diabetic adropin treated
group, negative correlations were found between
serum adropin and weight difference (r=-0.74,
P<0.05), BMI (r=-0.91, P<0.01), serum glucose (r=0.95, P<0.001), HOMA-IR (r=-0.92, P<0.01),
serum TC (r=-0.87, P<0.01), serum TNFα (r=-0.92,
P<0.01) and serum TSH (r=-0.89, P<0.01), but,
positive correlations were recorded with serum
HDL (r=0.9, P<0.01),
serum SOD (r=0.96,
P<0.001), serum T4 (r=0.97, P<0.001), serum LH
(r=0.91, P<0.01), serum testosterone (r=0.93,
P<0.001) and epididymal sperm count (r=0.89,
P<0.01).
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Table 4: Pearson’s correlation coefficient (r) between serum level of adropin and some biochemical parameters
within the obese diabetic groups (sedentary, exercised and adropin treated)
Serum adropin
Parameter
Obese diabetic sedentary
Obese diabetic exercised
Obese diabetic adropin
treated
r
P
r
P
r
P
WD
-0.84
<0.01
-0.89
<0.01
-0.74
<0.05
BMI
-0.92
<0.01
-0.93
<0.001
-0.91
<0.01
Serum glucose
-0.93
<0.001
-0.73
<0.05
-0.95
<0.001
HOMA-IR
-0.84
<0.01
-0.85
<0.01
-0.92
<0.01
Serum TC
-0.91
<0.01
-0.83
<0.05
-0.87
<0.01
Serum HDL
0.94
<0.001
0.87
<0.01
0.9
<0.01
-0.96
<0.001
-0.81
<0.05
-0.92
<0.01
Serum TNFα
Serum SOD
0.85
<0.01
0.98
<0.001
0.96
<0.001
Serum TSH
-0.9
<0.01
-0.97
<0.001
-0.89
<0.01
Serum T4
0.8
<0.05
0.86
<0.01
0.97
<0.001
Serum LH
0.95
<0.001
0.87
<0.01
0.91
<0.01
Serum testosterone
0.93
<0.001
0.9
<0.01
0.93
<0.001
Epididymal sperm count
0.8
<0.05
0.84
<0.01
0.89
<0.01
P<0.05 indicated statistical significance. WD:
index, TC: total cholesterol, HDL: high density
weight difference (the difference between final and
lipoprotein, TNFα tumor necrosis factor alpha, SOD:
initial body weight), BMI: body mass index, HOMA-IR:
superoxide dismutase, TSH: thyroid stimulating hormone,
homeostasis model assessment of insulin resistance
T4: thyroxine, LH: luteinizing hormone.
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Figure 2: Pearson’s correlation coefficient (r)
between serum levels of adropin and each of,
lipoprotein, HOMA-IR: homeostasis model assessment
weight difference (A); BMI (B); glucose and TC (C);
of insulin resistance index, SOD: superoxide dismutase,
HDL and HOMA-IR (D); SOD and TNFα; TSH and T4
TNFα:tumor necrosis factor alpha, TSH: thyroid
(F); LH and testosterone (G); and, sperm count (H)
stimulating hormone, T4: thyroxine, LH: luteinizing
within obese diabetic exercised rats. BMI: body mass
hormone.
index, TC: total cholesterol, HDL: high density

4. Discussion
In this study, we investigated the effect of
moderate swimming exercise training and adropin
treatment on thyroid and testicular function changes
that occurred in obese type 2 diabetic rats. Obesity
was confirmed in obese diabetic groups by the
significant increase in final body weight, weight
difference and final BMI occurred in comparison to
that of the lean non-diabetic groups. These changes
were deteriorated by performing exercise training
(in obese diabetic exercised group) and by
exogenous adropin treatment (in obese diabetic
adropin treated group).
Also, negative correlations within the obese
diabetic groups were recorded between serum
adropin and both, weight difference and BMI which
confirmed that exercise training and adropin
treatment could combat obesity which was
supported by H Zhang, et al. [21] who reported that

moderate exercise training significantly reduced
body weight and BMI in obese adolescents, and
they confirmed
the presence of a negative
correlation between adropin serum level and BMI.
Our results showed a significant decrease in
serum adropin level in both obese diabetic
sedentary and obese diabetic exercised rats, in
comparison with the lean non-diabetic rats which
indicated that adropin may play a role in the
pathophysiological changes that occurred in obese
diabetic rats which was in agree with M Topuz, et al.
[35]
, L Wu, et al. [36], R Akcilar, et al. [5] and H Zhang,
et al. [21]. With a moderate exercise training (in
obese diabetic exercised group), serum adropin
levels were significantly increased in comparison to
that in obese diabetic sedentary group which may be
a mechanism by which a moderate exercise training
combatted the pathophysiological changes occurred
in obese diabetic rats. This was supported by S
Fujie, et al. [37] and H Zhang, et al. [21] who reported
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a significant increase in serum adropin in obese
adolescents by an exercise intervention and they
owed this to increased its expression in endothelial
cells.
Incidence of insulin resistance in obese
diabetic groups in our study was confirmed by the
significant increase in serum levels of both glucose
and insulin, and value of HOMA-IR in comparison
with that of the lean non-diabetic groups which was
supported by R Akcilar, et al. [5]. With moderate
exercise training (in obese diabetic exercised group)
and exogenous adropin treatment (in obese diabetic
adropin treated group), insulin sensitivity was
significantly improved which was supported by KG
Kumar, et al. [1] and R Akcilar, et al. [5] who
reported
that
i.p.
adropin
administration
significantly decreased both blood glucose and
HOMA-IR value.
Also, S Terada, et al. [38], G Boaventura, et al.
[39]
, A Garcia-Hermoso, et al. [40], OA EL-Gohary
[41]
, H MOUSTAFA [25] and H Zhang, et al. [21]
stated that exercise training induced a significant
deterioration in insulin resistance in obese rats and
they referred the insulin sensitizing effects of
exercise training to the increased skeletal muscle
activity of both glucose transporter (GLUT4) and
hexokinase, and to the increased hepatic insulin
clearance.
Moreover, negative associations within the
obese diabetic groups were found between serum
adropin and both serum glucose level and HOMAIR value which was in agree with B Yildirim, et al.
[42]
and H Zhang, et al. [21] who found a negative
correlation between serum adropin and both serum
insulin and HOMA-IR, but, a positive association
with serum HDL. In accordance with our results, S
Gao, et al. [43] declared that obese mice treated with
adropin had an improvement in glucose tolerance,
insulin resistance and fuel selection for
carbohydrate over fat utilization and they added that
skeletal muscle was the key organ that mediated the
adropin whole-body effects.
Our results declared a significant disturbance
in lipid metabolism in obese diabetic rats in the
form of a significant increase in serum levels of TC,
TG and LDL with a significant decrease in serum
levels of HDL in comparison to that of the lean nondiabetic groups which were similar to results of
studies conducted by X-J Zhang, et al. [44] and R

Akcilar, et al. [5]. These changes were reversed by
both moderate exercise training (in obese diabetic
exercised rats) and with exogenous adropin
treatment (in obese diabetic adropin treated rats)
which confirmed improved lipid metabolism and
this was supported by G Boaventura, et al. [39], H
MOUSTAFA [25] and H Zhang, et al. [21] who
emphasized that exercise training in obese rats
deteriorated the changes in the serum lipid profile.
Also, S Gao, et al. [45], YF Otero, et al. [46], S
Gao, et al. [43] and R Akcilar, et al. [5] found that
adropin treatment reduced fatty acid oxidation but
increased glucose utilization in skeletal muscles in
obese mice which resulted in improved glucose
homeostasis and insulin resistance. Within the
obese diabetic groups, serum adropin levels were
negatively correlated with serum TC, but positively
correlated with serum HDL which was in agree with
AA Butler, et al. [47] and B Yildirim, et al. [42].
Our results declared presence of inflammatory
reactions and oxidative stress in obese diabetic
groups as evidenced by the significant increase in
serum levels of TNFα and MDA and the significant
decrease in serum SOD levels in comparison with
that of the lean non-diabetic groups which was in
line with F Ribeiro, et al. [48], T Fujita, et al. [49] and
Y-N Liu, et al. [50] who confirmed that increased
serum TNFα is the cause of insulin resistance
occurred in obese diabetic rats. Also, Y-F Jia, et al.
[7]
stated that MDA is an aldehyde produced by lipid
peroxidation in response to exposure to free radicals
and its increase indicated cell membrane damage.
Moreover, D Atilgan, et al. [51] referred the
oxidative stress associated with obesity to the
disturbance in lipid metabolism with increased
serum free and unsaturated fatty acids that were
exposed to attacks by reactive oxygen species that
decreased SOD levels and increased MDA.
Moreover, S Furukawa, et al. [52] explained the
increased oxidative stress in obese diabetic rats by
the elevation in serum levels of inflammatory
cytokines.
With moderate exercise training (in obese
diabetic exercised group) and exogenous adropin
treatment (in obese diabetic adropin treated group),
inflammatory reaction and oxidative stress were
deteriorated as evidenced by the significant
reduction of both serum TNFα and MDA levels and
the significant increase in serum SOD levels in
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comparison to those in obese diabetic sedentary
group which confirmed that exercise training and
adropin treatment had both anti-inflammatory and
antioxidant activities on obese diabetic rats. This
was supported by T Christiansen, et al. [53] who
declared that exercise training in obese rats
ameliorated hypoxia of adipose tissue and
diminished its local inflammation decreasing serum
TNFα . Also, R Akcilar, et al. [5] confirmed that
adropin had a significant anti-diabetic effect
through decreasing the inflammatory cytokines in
type 2 diabetic rats. Within the obese diabetic
groups, serum adropin levels were negatively
correlated with serum TNFα and positively
associated with serum SOD.
The study results showed a significant increase
in serum levels of TSH but, a significant decrease in
serum levels of T3 and T4 in obese diabetic groups
in comparison to those of the lean non-diabetic
groups
which
confirmed
occurrence
of
hypothyroidism which was in agree with C Anil, et
al. [54] and M Mishra, et al. [55] who stated that
diabetes mellitus affected thyroid function and
added that uncontrolled type 2 diabetic patients had
a significant elevation in serum levels of TSH and
they owed this to the increase in both fat mass and
insulin resistance which increased serum leptin that
acted directly on leptin receptors on thyrotropin
releasing hormone neurons increasing thyrotropin
releasing hormone secretion and consequently TSH
release from the anterior pituitary. Also, J
Rezzonico, et al. [56] recorded an association
between both insulin resistance and thyroid
dysfunction. Moreover, G Akbaba, et al. [17]
declared that adropin levels were significantly
decreased in hypothyroidism which was a finding in
obese diabetic rats in our study.
With moderate exercise training (in obese
diabetic exercised group) and exogenous adropin
treatment (in obese diabetic adropin treated group),
thyroid function was improved as evidenced by the
significant reduction in serum TSH levels and the
significant increase in serum levels of T3 and T4 in
comparison with those in obese diabetic sedentary
group which was supported by RJ McMurray, DA
[57]
and R Arkader, et al. [58] who reported that
exercise training increased serum levels of T3 and
T4. Within the obese diabetic groups, serum

adropin levels were negatively correlated with
serum TSH, but positively associated with serum T4.
In obese diabetic groups, there was a disturbed
testicular function as evidenced by the significant
decrease in serum levels of FSH, LH and
testosterone, and in both epididymal sperm count
and motility in comparison to those of the lean nondiabetic groups which was supported by E Camacho,
et al. [59], MNT Fui, et al. [60], SAA El-Kaream, et al.
[61]
and Y-F Jia, et al. [7] who found a lower serum
testosterone levels in obese males. Also, JE
Chavarro, et al. [12], O Tunc, et al. [62] and N
Sermondade, et al. [14] found that increased BMI
was associated with a significant decrease in sperm
count.
Moreover, a review written by Y-F Jia, et al. [7]
found that up to 2015, reduced sperm motility was
reported in 13 of 35 articles, while a decreased
sperm count with normal morphology was reported
in 9 of 29 research papers. Furthermore, RM
Vigueras-Villaseñor, et al. [63] reported that rats fed
a HFD from 21 to 90 days had a decreased sperm
count. Also, C Li, et al. [64], H Wagner, et al. [65] and
Y-F Jia, et al. [7] stated that long-term obesity
impaired spermatogenesis and they owed this to
increased reactive oxygen species which induced
damage to the sperm cell membranes (contained
large amount of polyunsaturated fats), cell DNA,
and mitochondria. Moreover, F Alhashem, et al. [66]
referred the obesity induced decrease in sperm
count and motility to the decrease in serum FSH
which decreased stem cell factor signaling
increasing ghrelin expression in the testis causing
sperm apoptosis. Furthermore, MR Nikoobakht, et
al. [18] found that hypothyroidism significantly
reduced sperm count and motility and this may
explain the disturbance in testicular function
observed in obese diabetic rats.
With moderate exercise training (in obese
diabetic exercised group) and exogenous adropin
treatment (in obese diabetic adropin treated group),
testicular function changes were deteriorated as
evidenced by the significant increase in serum
levels of testosterone, and in epididymal sperm
count and motility in comparison with those in
obese diabetic sedentary group which was
supported by LB Håkonsen, et al. [67] and E
Camacho, et al. [59] who declared that serum
testosterone level, sperm count and motility were
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increased after reduction of weight in obese rats.
Also, F Alhashem, et al. [66] confirmed that exercise
training combatted the deterioration in testicular
function with obesity by improving serum level of
testosterone and semen parameters through
decreasing testicular ghrelin and increasing
testicular stem cell factor. Moreover, exercise
training may improve testicular function in type 2
diabetic rats through its antioxidant activity as
evidenced also by JD Botezelli, et al. [68] who
reported that swim training for 8 weeks diminished
lipid peroxidation and increased SOD enzyme
activity.
According to our results, the improved
testicular function with adropin and exercise
training could be referred to the significant
deterioration in the changes in the thyroid function
occurred with obese diabetic rats which was
supported by C Carani, et al. [69] who stated that
treatment of thyroid dysfunction improved testicular
function. A positive association was recorded
within the obese diabetic groups between serum
adropin and each of serum LH, serum testosterone
and epididymal sperm count.
Along this study, we noticed that adropin
levels were significantly decreased and correlated to
metabolic, thyroid and testicular changes within
obese diabetic rats. But, with exogenous adropin
treatment such changes were significantly improved.
Also, we detected that moderate exercise training
significantly enhanced serum adropin levels
(although they did not reach the normal values) in
obese diabetic rats with more significant
improvement in metabolic, thyroid and testicular
function than with exogenous adropin treatment
which may confirm that increasing serum levels of
adropin in obese diabetic rats could be a mechanism
by which moderated exercise training combatted
such metabolic, thyroid and testicular changes. This
was in agree with S Aydin, et al. [2] and C-M Wong,
et al. [3] who reported that adropin is expressed in
the rat skeletal muscle. Study limitations include,
sample size which should be larger. Also, we used a
rat model of T2DM and the results may differ from
that in human.

5. Conclusion
Exercise training and adropin treatment
deteriorated thyroid and testicular function changes
occurred in obese diabetic rats through several
mechanisms including reduction of BMI,
improvement of glucose and lipid metabolism,
increase in insulin sensitivity and through their antiinflammatory and antioxidant effects. Also, the
improvement in testicular function changes with
both adropin treatment and exercise training could
be partly referred to the improvement in thyroid
function changes that occurred in obese diabetic rats.
Moreover, moderate exercise training achieved
its effects partly through increasing serum adropin
level which could be used as a novel biomarker for
testicular function. Further studies are requested to
confirm our results.
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