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Abstract  

Background:  Type 2 Diabetes Mellitus (T2DM) is a  
common problem that is accompanied by disturbed metabolic  

homeostasis, oxidative stress and increase in proinflammatory  
cytokines. On the other hand, normal body metabolism is  
essential for the testicular function. Also, nesfatin-1 is a  
peptide hormone produced by numerous tissues, including  
the testes and shared in regulation of metabolic homeostasis  
and had antioxidant and anti-inflammatory properties.  

Aim:  To investigate the effects of T2DM on testicular  
functions and the effects of exogenous treatment with nesfatin-
1 on modulation of those effects, and, to declare the possible  
involved mechanisms.  

Material and Methods:  24-healthy adult male albino rats  
with a weight of 180-200gm, were divided into three groups  
of 8 rats each; control, type 2 diabetic (T2DM) and nesfatin-
1 treated type 2 diabetic (T2DM + Nesfatin) groups. The  
control group received a standard diet, while, the diabetic  
groups (T2DM and T2DM + Nesfatin) received a High Fat  
Diet (HFD). Five weeks after beginning HFD, rats were fasted  

for 12h and received streptozotocin, in a dose of 35mg/kg,  
dissolved in 0. 1M sodium citrate buffer (pH 4.5) intraperito-
neally (i.p.). Then, rats of the control and T2DM groups  
received normal saline i.p. in a dose of 1ml/kg/day for more  
4 weeks and they continued to be fed with their corresponding  
diet, while, those of T2DM + Nesfatin group were treated  
with nesfatin-1 in a dose of 2µg/kg/day i.p. for more 4 weeks  
and they continued to be fed with HFD. The serum levels of  
testosterone, Follicle Stimulating Hormone (FSH), Luteinizing  
Hormone (LH), tumor necrosis factor alpha (TNF α) and  
interleukin-1 beta (IL-1 β ) were measured in the studied groups.  
Also, epididymal sperm motility and count, testicular histopa-
thology and antioxidant enzymes Superoxide Dismutase (SOD)  

and catalase (CAT) activities were examined.  

Results: A significant (p<0.001) increase in the final Body  
Mass Index (BMI), Homeostasis Model Assessment-Insulin  
Resistance (HOMA-IR) index, serum levels of glucose, insulin,  
Total Cholesterol (TC), Triglycerides (TG), Low Density  
Lipoprotein (LDL), TNFα  and IL-1 β was found in the T2DM  
group in comparison to the control group. On the other hand,  
a significant (p<0.001) decrease in serum levels of High  
Density Lipoprotein (HDL), FSH, LH, and testosterone was  

Correspondence to:  Dr. Khaled A.A. Abulfadle,  
E-Mail: khafadle@gmail.com  

reported in T2DM group in comparison to the control group.  
Also, a significant (p<0.001) decline in right testis weight,  
testicular SOD and CAT activity, and, epididymal sperm  

motility and count was found in T2DM group in comparison  

to the control group. Also, in T2DM group, a significant  

negative correlation between testicular functions (serum  
testosterone, epididymal sperm count and epididymal sperm  
motility) and each of final BMI, HOMA-IR, serum levels of  
IL-1 β and TNFα , and, testicular SOD and CAT activity, was  
reported. After exogenous nesfatin-1 treatment, the changes  
noticed in T2DM group were reversed as a significant  
(p<0.001) decrease in final BMI, HOMA-IR index, serum  
levels of glucose, insulin, TC, TG, TNF α  and IL-1 β was found  
in the T2DM+Nesfatin group in comparison to the T2DM  
group. On the other hand, a significant (p<0.001) increase in  
serum levels of HDL, FSH, LH, and testosterone in the T2DM  
+ Nesfatin group was recorded in comparison to the T2DM  
group. Also, a significant (p<0.001) rise in right testis weight,  
testicular SOD and CAT activity, and, epididymal sperm  

motility and count was found in the T2DM + Nesfatin group  

when compared with T2DM group.  

Conclusion:  T2DM decreased testicular functions, sper-
matogenesis and steroidogenesis, through disturbing metabolic  
homeostasis, decreasing the gonadotropins secretion, reducing  
testicular antioxidant activity and increasing proinflammatory  

cytokines. On the other hand, exogenous nesfatin-1 treatment  
ameliorated testicular function changes in T2DM through  
controlling body weight, improving metabolic disturbances,  
increasing FSH and LH secretion, its antioxidant and its anti-
inflammatory properties.  
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– Proinflammatory cytokines.  

Introduction  

NESFATIN-1  is anorexigenic peptide that was  
first identified in 2006 and has been related to the  
regulation of appetite and loss of weight [1] . It is  
a peptide formed of 82 amino acids originated  
from its precursor protein, nucleobindin-2  
(NUCB2) which by post-translational modification  
produced nesfatin-1, nesfatin-2, and nesfatin-3 [2] .  
Injection of nesfatin-1, but not of nesfatin-2 or  
nesfatin-3, inhibited food intake, whereas blockade  
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of its actions increased feeding in adult rats [3] .  
Nesfatin- 1 was identified in the hypothalamus,  
pituitary, spinal cord cardiac autonomic nuclei and  
in other tissues including gastric mucosa, adi-
pocytes, pancreatic beta cells and gonads [4] .  
Nesfatin-1 has the capacity to cross the blood brain  
barrier [5] . Also, there was evidence indicating that  
nesfatin-1 stimulated glucose-induced insulin re-
lease, et al., [6] . Shimizu, Tanaka, et al., [7]  found  
that nesfatin-1 intravenous administration signifi-
cantly decreased blood glucose levels in hypergly-
cemic mice. On the other hand, Ramanjaneya,  

Chen, et al., [8]  reported that high-fat fed diet mice  

had increased circulating levels of nesfatin-1. Also,  

Zhang, Li, et al., [9]  have shown that Nesfatin- 1  
plasma levels were increased in type 2 diabetic  
patients. On the contrary, Khalili, Khaniani, et al.,  
[6]  reported a decrease in Nesfatin-1 plasma levels  

in T2DM which was a cause of diabetic hyper-
phagia. Also, Yang, Zhang, et al., [10]  and Xia,  
Liang, et al., [5]  declared that changed Nesfatin-
1 levels in Type 2 Diabetes Mellitus (T2DM) were  
accompanied with impaired glucose tolerance,  
Body Mass Index (BMI) and fasting blood glucose.  
Moreover, Wu, Yang [11]  have reported that Nesfa-
tin-1 raised peripheral and hepatic sensitivity of  

insulin, through raising peripheral uptake of glucose  
and inhibition of gluconeogenesis. Reproduction  
is controlled by regulatory signals that integrated  

at the Hypothalamic-Pituitary-Gonadal (HPG) axis  

and the gonadal function is regulated by gonado-
tropins, and locally originated signals [12] . Among  
its main external regulators, the HPG axis function  

is gated metabolically, and the disturbances of  
body energy homeostasis, ranging from anorexia  
to obesity, were known to affect gonadal function  
[13] . Diabetes mellitus a common chronic metabolic  
disease that is manifested by hyperglycemia and  
is caused by either abnormal insulin production,  
insulin resistance or often both [14] . Alves, Martins,  
et al., [15]  reported that diabetic patients may  
experience some sexual abnormalities such as  

impotence, sexual dysfunction, and infertility. Nah,  

Koh, et al., [16]  found a reduction in Follicle Stim-
ulating Hormone (FSH), Luteinizing Hormone  

(LH) and testosterone serum levels with a decline  
in sperm motility and count in diabetes. On the  
contrary, Idris, Budin [17]  reported insignificant  
changes in FSH, LH and testosterone serum levels  

in diabetes, while, Agbaje, Rogers, et al., [18]  
declared that diabetic patients had increased sperm  

nuclear and mitochondrial DNAs damage, although,  
they may show normal semen parameters. García-
Galiano, Navarro, et al., [4]  reported that nesfatin-
1 participated in the control of LH and FSH secre-
tion. Also, García-Galiano, Pineda, et al., [19]  

confirmed that Nesfatin-1 is a part of the HPG axis  
and involved in gonadal functions and reproduction  
as they confirmed that NUCB2 mRNA had been  

found in rat and human testes where Sertoli and  
Leydig cells had Nesfatin- 1 immunoreactivity.  
From the previously discussed information, it was  
clear that data about the effect of diabetes on  

testicular function was contradictory. Also, it was  
obvious that Nesfatin-1 was expressed in rat testis  
and had a relation to its function. Moreover, it was  
identified that nesfatin-1 can improve T2DM. Thus,  

this study was done to identify the effects of T2DM  
on rat testicular functions and to examine the effects  

of exogenous treatment with Nesfatin-1 on modu-
lation of these effects. Testosterone, FSH, LH,  

tumor necrosis factor alpha (TNF ct) and interleukin-
1 beta (IL-1 (3 ) serum levels were estimated in the  

studied groups. Also, epididymal sperm motility  
and count, both testicular antioxidant enzyme  
activity and histopathology were assessed to declare  

the mechanisms probably involved.  

Material and Methods  

This study was done in Physiology Department  
of Zagazig Faculty of Medicine, between November  

2017 and January 2018.  

Experimental design:  
24-healthy adult male albino rats with a weight  

of 180-200gm, were obtained from the Animal  
House of Zagazig Faculty of Medicine. Under  
hygienic conditions, rats were kept (4 per each  

steel wire cage) in the Physiology Animal House  

of Zagazig Faculty of Medicine. They had water  

free access at room temperature and with 12h  

light/dark cycle maintenance. After an adaptation  

period of one week, rats were divided into three  
groups of 8 rats each; control, type 2 diabetic  

(T2DM) and nesfatin- 1 treated type 2 diabetic  

(T2DM + Nesfatin) groups. The control group  

received a standard diet which consisted of carbo-
hydrate (62.8%), protein (25.8%) and fat (11.4%),  

while, the diabetic groups (T2DM and T2DM +  
Nesfatin) received a High Fat Diet (HFD) which  

composed of standard diet (72.8%), cholesterol  
(2%), lard (25%) and bile salts (0.2%) [20] . Five  
weeks after beginning HFD, rats were fasted for  

12h and received streptozotocin (STZ, Sigma-
Aldrich, USA), in a dose of 35mg/kg, dissolved  
in 0. 1 M sodium citrate buffer (pH 4.5) intraperito-
neally (i.p.) [21] . The control group (standard diet  
fed) received the vehicle sodium citrate buffer i.p.  

in a dose of 1ml/kg. Three days after STZ injection,  

fasting blood glucose was estimated after 12h  
fasting with ACCU-CHEK one-touch glucose auto  

analyzer (Germany) from the tail vein. Rats were  
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considered diabetic when blood glucose levels  
were above 250mg/dl [22] . Rats of the control and  
T2DM groups received normal saline i.p. in a dose  
of 1ml/kg/day for more 4 weeks and they continued  
to be fed with their corresponding diet, while, those  

of T2DM + Nesfatin group were treated with Nes-
fatin-1 in a dose of 2µg/kg/day i.p. [23]  for more  
4 weeks [total time 9 weeks (5 + 4)] and fed with  
HFD. Nesfatin-1 was obtained from Sigma-Aldrich,  

USA (Cat. No. SRP3291).  

Control group (N=8 rats): Standard diet  

 

Standard diet + Saline treated  

Sodium citrate i.p.  

T2DM group (N=8 rats): HFD  

Sodium citrate i.p.  

HFD + Saline treated  

T2DM + Nesfatin group (N=8 rats): HFD  

 

HFD + Nesfatin-1 treated  

STZ i.p.  

5  

Fig. (1): Design of the experiment.  

24h after the last injection of Nesfatin- 1, sam-
ples of blood were obtained from retro-orbital  
venous plexus and centrifugated at 3000rpm for  
20min to separate the serum [24]  which was kept  
frozen at (20ºC) until used to measure serum  
glucose, insulin, Total Cholesterol (TC), Triglyc-
eride (TG), High Density Lipoproteins cholesterol  
(HDL), TNFα , IL-1 β , LH, FSH and testosterone  
levels. FSH, LH and testosterone were estimated  
in serum using commercial kits from Biocom-
pare.com  (Cat. No. LS-F6305-1, LS-F27508-1 and  
LS-F10018-1, respectively). Also, glucose, insulin,  
TC, TG and HDL serum levels were measured  
using commercial kits from Sigma-Aldrich, USA  
(Cat. No. GAGO20, RAB0904, MAK043, TR0100  
and MAK045, respectively), while, Low Density  
Lipoprotein-cholesterol (LDL) serum level was  
calculated using Friedewald formula:  

TG  
LDL (mg/dl) = (TC) – [(HDL) + (––––)] [25]  

5  

For assessing Insulin Resistance (IR), the  
Homeostasis Model Assessment-IR (HOMA-IR)  
index was calculated by:  

Fasting glucose (mg/dl) X  
fasting insulin (µIU/ml)  

HOMA-IR = [26]  
405  

Palasz, Janas-Kozik [27]  confirmed that the  
more the HOMA-IR, the more insulin resistance  
and vice versa. For measuring serum levels of the  
proinflammatory cytokines, TNFα  and IL-1 β ,  
commercial kits from Sigma-Aldrich, USA (Cat.  
No. RAB0480 and RAB0277, respectively), were  
used. After collection of the blood, rats were killed  
by decapitation, laparotomy was done, and the  

right testes from the different groups were removed  
and weighed, then, histopathologically examined.  
Tunica vaginalis was discarded and the testes were  
dissected out and to remove blood and the adherent  
tissues, they were cleaned with a cold physiological  
saline. The samples were fixed in 10% formalde-
hyde, embedded in paraffin wax, sectioned at 5µm  
thickness, and stained with hematoxylin and eosin.  
Under a light microscope, the sections were exam-
ined and the general histological features were  
assessed. The left testes were sliced and in cold  
50mM phosphate buffer (pH 7.0) containing 0.1mM  
EDTA they were homogenized to give a 10% ho-
mogenate (w/v) which was centrifuged at 1000  
rpm for 10min giving a supernatant which was  
used for Superoxide Dismutase (SOD) and catalase  
(CAT) activity assays [28]  by a colorimetric method  
using commercial kits obtained from abcam.com  
(product code ab65354 and ab83464, respectively).  
For studying the epididymal sperm parameters, the  
epididymis was separated from the testis carefully  
and in 1ml of phosphate buffered saline (pH 7.2),  
it was minced to have a suspension [29]  in which  
the sperm count was assessed as per the standard  
method in Neubauer's chamber  [30] . Briefly, in  
leukocyte hemocytometer, a part from the suspen-
sion (up to 0.5) was taken and then, up to the mark  
11 it was diluted with phosphate buffered saline.  
The suspension was mixed well and applied into  
Neubauer's counting chamber. Under the light  
microscope at 400X, the total sperm count in 8  
squares except the central erythrocyte area of 1mm

2 
 

each was determined and multiplied by 5 X 10 4  to  
express the number of spermatozoa/ml. The sperm  

motility percentage was determined by dividing  
the number of motile sperm cells over the total  
number of sperm cells (motile and non-motile)  

http://Biocom-pare.com
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where the sperm cells that displayed some move-
ment were considered as motile sperm cells, while  

those which were not moving were considered as  
non-motile sperm cells [31] . For comparing the  
final BMI (gm/cm2) among the different groups,  
it was calculated just before rats were killed (under  
ether anesthesia), by dividing body weight (gm)  

on length2  (cm2) where rat length was estimated  

by measuring the distance between the anus and  

the nose [32] .  

Statistical analysis:  

The data obtained was expressed as mean ±  
standard error of the mean (mean ±  SEM). By the  
use of IBM SPSS Statistics (Version 25 Software  

for Windows), means were compared by one-way  

analysis of variance (ANOVA) and Tukey HSD  

for Post hoc Multiple Comparisons for statistical  
significance. Also, by the use of Graph Pad Prism  

(Version 7 Software for Windows), correlation  
analysis was achieved to investigate the association  

between some biochemical and testicular parame-
ters within the T2DM group. p-value ≤0.05 repre-
sented statistical significance.  

Results  

Table (1) clarified the biochemical changes  

among the different studied groups. In the T2DM  

group, a significant (p<0.001) increase in final  
BMI, HOMA-IR index, serum levels of glucose,  

insulin, TC, TG, LDL, TNF α  and IL-1 β , was found  
in comparison to the control group. On the other  

hand, a significant (p<0.001) decrease in serum  
levels of HDL, FSH, LH, and testosterone was  

reported in T2DM group in comparison to the  

control group. Also, a significant (p<0.001) decline  
in right testis weight, testicular SOD and CAT  
activity, and, epididymal sperm count and motility  
was recorded in T2DM group in comparison to the  
control group. In T2DM + Nesfatin group, a sig-
nificant (p<0.001) decrease in final BMI, HOMA-
IR index, serum levels of glucose, insulin, TC, TG,  
TNFα  and IL-1 β  was found in comparison to the  
T2DM group. On the other hand, a significant (p  
<0.001) increase in serum levels of HDL, FSH,  
LH, and testosterone was identified in T2DM +  
Nesfatin group in comparison to the T2DM group.  
Also, a significant (p<0.001) rise in right testis  
weight, testicular SOD and CAT activity, and,  

epididymal sperm count and motility was reported  

in T2DM + Nesfatin group in comparison to the  

T2DM group. In comparison to the control group,  

a significant (p<0.001) increase in final BMI,  
HOMA-IR index, serum levels of glucose, insulin,  

TC, TG, LDL and IL-1 β  was found in the T2DM  
+ Nesfatin group. Also, a significant (p<0.001)  
rise in serum level of TNF α  was reported in the  
T2DM + Nesfatin group. On the other hand, a  

significant (p<0.001) decrease in serum levels of  

HDL, FSH, LH, and testosterone was declared in  
T2DM + Nesfatin group in comparison to the  

control group. Also, a significant (p<0.001) decline  
in right testis weight, testicular SOD and CAT  
activity, and, epididymal sperm count and motility  

was found in T2DM + Nesfatin group in compar-
ison to the control group.  

On the other hand, in T2DM group (Table 2),  

a significant negative correlation was noticed  

between final BMI and each of serum testosterone  

(r=–0.95, p<0.001), epididymal sperm count (r=  
–0.9, p<0.01) and epididymal sperm motility ( r=  

0.9, p<0.01). Also, HOMA-IR was negatively  
correlated to each of serum testosterone ( r=–0.81,  
p<0.05), epididymal sperm count ( r=–0.95, p  
<0.001) and epididymal sperm motility (r=–0.78,  
p<0.05). Moreover, a significant negative correla-
tion was seen between serum level of IL-1 β  and  
each of serum testosterone ( r=–0.93, p<0.001),  
epididymal sperm count ( r=–0.88, p<0.01) and  
epididymal sperm motility ( r=–0.91, p<0.01).  
Furthermore, serum TNFα  level was negatively  
associated with each of serum testosterone ( r=  
–0.72, p<0.05), epididymal sperm count ( r=–0.81,  
p<0.05) and epididymal sperm motility (r=–0.77,  
p<0.05). On the other hand, in the same studied  

group, a significant positive correlation was found  

between testicular SOD activity and each of serum  
testosterone (r=0.97,  p<0.0001), epididymal sperm  
count (r=0.97, p<0.0001) and epididymal sperm  
motility (r=0.96, p<0.001). Also, testicular CAT  
activity was positively associated with each of  
serum testosterone ( r=0.94, p<0.001), epididymal  
sperm count (r=0.85, p<0.01) and epididymal  
sperm motility (r=0.84, p<0.01).  

On histopathological examination of rat testic-
ular tissue in the different groups Fig. (2), there  

was a normal seminiferous tubule formed of normal  

spermatogenic cells layers with central mature  

sperms and surrounded by a basement membrane  

which was thin in the control group. On the other  
hand, in T2DM group, there was a decrease in  
both, the number of spermatogenic cells layers and  

the mature sperms while, the basement membrane  
was thick, but, in T2DM + Nesfatin group, there  
was a seminiferous tubule with marked improve-
ment in; the number of spermatogenic cells layers,  
the mature sperms number and the basement mem-
brane thickness.  



(A) (B)  

Fig. (2): Photomicrograph of testicular tissue of rats  
in the control Group (A), T2DM Group (B) and T2DM  
+ Nesfatin Group (C) (Hematoxylin and Eosin X400).  
In control group, it showed normal seminiferous tubule  
formed of normal layers of spermatogenic cells (yellow  
arrow) with central mature sperms (black arrow) and  
surrounded by a thin basement membrane (red arrow).  
In T2DM group, it showed a decrease in both, the number  
of layers of spermatogenic cells (yellow arrow) and the  
mature sperms (black arrow) and the basement membrane  
was thick (red arrow). In T2DM + Nesfatin group, it  
showed a seminiferous tubule with marked improvement  
in; the number of layers of spermatogenic cells (yellow  
arrow), the number of mature sperms (black arrow) and  
the thickness of the surrounding basement membrane  
(red arrow).  

(C)  
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Table (1): Biochemical changes among different groups.  

Control  T2DM  T2DM + Nesfatin  

Final BMI (gm/cm2)  0.56±0.01  0.81 ±0.01 a  0.69±0.01 a,b  

Serum glucose (mg/dl)  86.13± 1.23  294.88±4.39a 
 132±3.24a ,b  

Serum insulin (µIU/ml)  22.86±0.44  35.04±0.41 a 
 27.44±0.29a ,b  

HOMA-IR  4.86±0.1  25.53±0.57a 
 8.95±0.24a ,b  

Serum TC (mg/dl)  84.4± 1.59  177.89±2.16a  157.25±2.28a ,b  

Serum HDL (mg/dl)  39.06±0.58  25.34±0.72a 
 32.67±0.92a ,b  

Serum TG (mg/dl)  66.68±0.38  115.96±0.55 a 
 79.95±0.61 a,b  

Serum LDL (mg/dl)  32.38± 1.95  114.95± 14.47a  112.82±3.46a 
 

Serum TNFα  (pg/dl)  5.8±0.05  12.17±0.09a 
 6. 18±0.04b , c  

Serum IL-1 β  (pg/ml)  36.96±0.21  64.45±0.26a 
 50.32±0.21 a,b  

Serum FSH (ng/ml)  6.41 ±0.1  4.13±0.04a 
 5.3 1 ±0.04a ,b  

Serum LH (ng/ml)  6.22±0.05  4.15±0.03 a 
 5.56±0.08a ,b  

Serum Testosterone (ng/ml)  4.31 ±0.02  2.41 ±0.04a 
 3.98±0.03 a,b  

Right testis weight (gm)  1.45±0.02  0.97±0.03 a 
 1.28±0.01 a,b  

Testicular SOD activity (U/mg protein)  81.36±0.27  42.39±0.49a 
 73 .29±0.57 a ,b  

Testicular CAT activity (U/mg protein)  24.36±0.36  8.81 ±0.17a 
 19.89±0.29a ,b  

Epididymal sperm count (millions/ml)  47.25±0.38  33.09±0.44a 
 37.74±0.29a ,b  

Epididymal sperm motility (%)  67.55±0.22  41.05±0.21 a 
 58.06±0.58a,b  

Data was expressed as Mean ±  SEM.  
a:p<0.001 in comparison with the control group.  
b: p<0.001 in comparison to the T2DM group.  
c:p=0.01 in comparison to the control group.  
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Table (2): Pearson's correlation coefficient ( r) between some biochemical and testicular parameters  

within T2DM group.  

Correlation  

T2DM group  

Serum  
testosterone  

Epididymal  
sperm count  

Epididymal  
sperm motility  

r  p 
 

r p 
 

r  p 
 

Final BMI  –0.95  <0.001  –0.9  <0.01  –0.9  <0.01  
HOMA-IR  –0.81  <0.05  –0.95  <0.001  –0.78  <0.05  
Serum IL-1a –0.93  <0.001  –0.88  <0.01  –0.91  <0.01  
Serum TNF (3 –0.72  <0.05  –0.81  <0.05  –0.77  <0.05  
Testicular SOD activity  0.97  <0.0001  0.97  <0.0001  0.96  <0.001  
Testicular CAT activity  0.94  <0.001  0.85  <0.01  0.84  <0.01  

p<0.05 indicated statistical significance.  

Discussion  

This study was done to know the possible effects  
of T2DM on testicular function in male albino rats  
and to examine the effect of exogenous nesfatin-
1 treatment on diabetic rat testicular function. To  

achieve this, a rat model of T2DM was used in  

which rats fed HFD for five weeks and then, they  

were given a single small dose of STZ as discussed  
earlier. Also, testosterone serum levels, epididymal  

sperm motility and count were used as indicators  

for testicular function. In the T2DM group, a  
significant increase in final BMI, HOMA-IR index  

as well as glucose, insulin, TC, TG and LDL serum  

levels, was found in comparison to the control  

group, but, a significant decrease in serum levels  

of HDL was recorded in T2DM group when com-
pared with the control one. These results confirmed  

incidence of T2DM which was supported by Mah-
dieh, et al.,  [33]  who reported a significant increase  
in BMI in T2DM and they owed this to diabetic  
hyperphagia that was accompanied by a decline in  

fasting plasma nesfatin–1 / NUCB2. Also, Nazir-
cglu, et al., [34]  reported increased insulin resistance  
and disturbed lipid profile in cases of T2DM. On  

the other hand, a significant decrease in testosterone  

serum levels, right testis weight, epididymal sperm  

motility and count was reported in T2DM group  
when compared with the control one. These results  

were in line with Kim and Moley [35]  who recorded  
a significant decline in steroidogenic genes expres-
sion in diabetic cases. Also, in agreement with the  
results of the current study, Hamden, Jaouadi [36]  
explained the decreased sperm count in diabetic  

rats by the decrease in Sertoli cell glucose utiliza-
tion affecting sperm development. Moreover, our  

results were consistent with Akondi, et al., [37]  
who reported a decrease in sperm parameters in  

diabetic rats. Furthermore, Fui, Dupuis [38]  added  
that obesity, which is a major risk factor for T2DM,  

induced hypoandrogenemia and hypogonadotropic  

hypogonadism. Also, Alves, et al., [15]  reported  
that diabetic patients may experience infertility  

and sexual dysfunction. On the contrary, Agbaje,  
et al., [18]  stated that diabetic men had normal  

semen parameters. Also, Idris, et al., [17]  found  
that LH and testosterone plasma levels were normal  

in diabetic rats while FSH level was increased and,  
they observed that diabetes did not alter the pituitary  

glands and Leydig cells functions, but, it affected  

the functions of Sertoli cell due to FSH receptors  

reduction. The discrepancy between these results  

and ours may be related to the difference in type  

and duration of diabetes induced. Also, in T2DM  
group, a significant negative correlation was re-
ported between testicular function (serum testo-
sterone, epididymal sperm count and motility) and  

each of BMI and HOMA-IR index which reflected  
decreased testicular function in T2DM. This result  

was in agreement with Sermondade, et al., [39]  
who declared that obesity affected the reproductive  

system of the male by semen quality degradation  

and endocrine system adverse effects. The effects  

of T2DM on testicular function were confirmed  
by the histopathological changes occurred in the  
rat testicular tissue from T2DM group. There was  
a decrease in both, the number of layers of sper-
matogenic cells and the mature sperms and the  

basement membrane was thick. These results were  
in agree with Lapolla, et al., [40]  who reported that  
in diabetes mellitus, there was an increase in lipid  
peroxidation and an imbalance in carbohydrate  
metabolism which impaired testicular steroidogenic  

function and damaged testicular tissue. Also, Nah,  

Koh [16]  confirmed that the effects of diabetes on  

testicular architecture and weight were due to the  

decline in testosterone serum levels which is es-
sential for the normal growth of reproductive  
organs. Also, the results of this study declared a  

significant reduction in serum levels of FSH and  

LH in T2DM group when compared with the con-
trol one, but, a significant negative correlation was  
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found between testicular function and serum levels  

of FSH and LH in the same studied group. This  
confirmed that T2DM may decrease testicular  

function through affecting secretion of LH and  

FSH. This was supported by Granado, et al., [41]  
who stated that insulin normally acted upon the  
anterior pituitary to regulate gonadotropin release  
which was disturbed in diabetic rats. This was also  
supported by Holdcraft and Braun [42]  who declared  
that FSH is important to stimulate Sertoli cells to  

synthesize and secrete androgen-binding protein,  
which is essential to bind testosterone that is re-
quired for spermatid terminal differentiation.  

García, et al., [43]  reported that the decrease in  
FSH level decreased production of stem cell factor,  

a Sertoli cell product, which is essential for Leydig  

cell and spermatogonia development and survival  
in adult rats. Also, Nah, et al., [16]  found a reduction  
in FSH, LH and testosterone serum levels as well  

as a decrease in sperm count and motility in dia-
betes. In the T2DM group, a significant decline in  

testicular SOD and CAT activity was reported in  
comparison to the control group which confirmed  
the presence of oxidative stress in T2DM, but, a  

significant positive correlation was found between  

testicular function and testicular SOD and CAT  

activity. This confirmed that T2DM may decrease  
testicular function through affecting activity of  

testicular SOD and CAT. This was supported by  
Akondi, et al., [37]  and Vignera, et al., [44]  who  
reported an increase incidence of infertility among  

diabetic males and the owed this to the increased  

oxidative stress in testes of such cases. This was  
also supported by Gobbo, et al., [45]  who added  
that sperm head membrane was also highly sensitive  

to oxidative stress due to its high content of poly-
unsaturated fatty acid. Moreover, Akondi, et al.,  

[37]  declared that the oxidative stress was more  

with hyperglycemia due to excessive reactive ox-
ygen species production and decreased activity of  

the antioxidant enzymes. Also, in this study, a  
significant increase in the proinflammatory cy-
tokines, TNF α  and IL-1 β , was reported in the  
T2DM group in comparison to the control one  

which indicated the presence of inflammation in  
T2DM. Also, in T2DM group, testicular function  
was negatively associated with serum levels of  
each of TNFα  and IL-1 β . Thus, increased proin-
flammatory cytokines may be a mechanism by  

which testicular function is decreased in T2DM.  

This was supported by Baccetti, et al., [46]  who  
owed the effects of diabetes on testicular function  

to local testicular reaction caused by the diabetic  
oxidative stress stimulating inflammatory cells and  

macrophages to secrete IL-1 β  and TNFα  which  
affected both steroidogenesis and spermatogenesis.  

On the other hand, in T2DM + Nesfatin group, a  

significant decrease in final BMI, HOMA-IR index,  

serum levels of glucose, insulin, TC and TG, but,  
a significant increase in serum level of HDL was  

found in comparison to the T2DM group which  
confirmed that administration of nesfatin-1 to  
diabetic rats improved body weight and metabolic  
disturbances of T2DM. These results were support-
ed by Palasz, et al., [27]  who confirmed that nesfa-
tin-1 treatment decreased body weight of obese  
rats. Also, Irannejad, et al., [3]  and Iwona, et al.,  
[47]reported that nesfatin-1 increased peripheral  

and hepatic insulin sensitivity decreasing glucone-
ogenesis and enhancing peripheral uptake of glu-
cose. Moreover, Shimizu, et al., [7]  found that  
nesfatin-1 injection decreased blood glucose in  
hyperglycemic mice. Furthermore, Yang, et al.,  

[10]  and Iwona, et al., [47]  declared that injection  
of obese rats with nesfatin- 1 decreased hepatic  
gluconeogenesis. In addition, Ramesh, Mortazavi  

[48]added that nesfatin-1 regulated energy home-
ostasis through stimulation of glucagon-like pep-
tide-1 secretion. It has demonstrated that the im-
provement in testicular function on treatment of  

diabetic rats with Nesfatin-1 was accompanied by  

an improvement in the histopathological features  

of rat testicular tissue from T2DM + Nesfatin group  

as there was a marked improvement in the number  

of layers of spermatogenic cells and the number  

of mature sperms. Also, the basement membrane  

becomes thinner in comparison to the T2DM group.  

Also, in T2DM + Nesfatin group, a significant rise  
in right testis weight, testicular SOD and CAT  
activity was found in comparison to the T2DM  
group which declared that Nesfatin- 1 has anti-
oxidant activity in T2DM. These results were  

supported by Jiang, et al., [49]  who found that  
Nesfatin- 1 decreased oxidative stress by its anti-
oxidant and anti-inflammatory properties. Moreo-
ver, there was a significant decline in serum levels  

of TNFα  and IL-1 β  in T2DM + Nesfatin group in  
comparison to the T2DM group which declared  

that Nesfatin- 1 has anti-inflammatory properties  

in T2DM. In agree with these results, Jiang, et al.,  

[49]and Iwona, et al., [47]  confirmed that nesfatin-
1 had anti-inflammatory activities. Also, Solmaz,  

et al., [23]  reported that Nesfatin-1, through its anti-
inflammatory and antioxidant activities, improved  
the inflammatory condition during healing of a  
cutaneous wound in hyperglycemic rats. Further-
more, in T2DM + Nesfatin group, a significant  

increase in serum levels of FSH, LH, and testoster-
one, epididymal sperm count and motility was  

reported in comparison to the T2DM group which  

confirmed that Nesfatin-1 increased secretion of  

FSH and LH, and, improved testicular function in  
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T2DM. These results were supported by García-
Galiano, et al., [4]  who reported that Nesfatin-1  
treatment significantly raised serum levels of LH  

and FSH in rats and hence improved testicular  

function. Also, García-Galiano, et al., [19]  proved  
that Nesfatin- 1 peptide expression in testis was  

confined to Leydig and Sertoli cells which may  
declare the potential protective effects on testicular  

function through its regulation of testicular testo-
sterone production and sperm development and  

maturation under metabolic stress. Moreover, Cat-
ak, et al., [50]  reported that Nesfatin-1 was produced  
also by seminal gland epithelial cells and sperma-
tocytes in the seminiferous tubules of the testes,  

and they added that it could be involved in the  

regulation of gonadal functions by regulation of  

both, energy homeostasis and gonadotropins secre-
tion. Limitations to this study include, the sample  

size was small, large sample size is needed in  

further studies. Also, we examined all the param-
eters taken only after a short period of treatment,  

without evaluating long-term effects of Nesfatin-
1. Moreover, this study used an animal model of  

T2DM, thus the outcomes may be different from  
those in human.  

Conclusion:  
T2DM decreased testicular functions, sperma-

togenesis and steroidogenesis, through disturbing  
metabolic homeostasis, decreasing gonadotropins  

secretion, reducing testicular antioxidants activity  

and increasing proinflammatory cytokines. On the  

other hand, exogenous Nesfatin-1 treatment amel-
iorated testicular function changes in T2DM  
through controlling body weight, improving met-
abolic disturbances, increasing FSH and LH secre-
tion, its antioxidant and its anti-inflammatory  
properties which can give a chance for a new line  

of treatment for reproductive complications of  

diabetes. These results need further studies to be  

confirmed. Also, additional studies are needed to  

assess the potential use of Nesfatin-1 as a protective  
target for T2DM testicular dysfunction.  
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