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Abstract. Irisin is a myokine secreted mostly by muscles after exercise, and its secretion level changes in metabolic 

disorders. The aim of present study was to investigate the effect of metformin on changes in the levels of plasma irisin, 

blood glucose and insulin resistance in male Sprague-Dawley rats receiving a high-fat emulsion diet. Twenty-four rats 

were divided into a normal control group (n = 8) and a high-fat diet group (n = 16). Then, high-fat diet group was divided 

into two subgroups, including high-fat diet control group (n = 8) and metformin group (n = 8). The normal control group 
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received a standard diet. The high-fat diet control group received a high-fat emulsion diet containing corn oil by gavage 

on a daily basis for six weeks, and the metformin group received a high-fat emulsion diet with metformin (250 

mg/kg/daily). At the end of the six-week period, factors such as glucose, insulin, irisin, Adiponectin, insulin resistance, 

liver enzymes, tumor necrosis factor α (TNF-α), serum lipid profile, lipid profile and lipid peroxidation in liver were 

measured and PGC-1α gene expression were examined in adipose tissue by Real-time PCR method. Liver histological 

tests with hematoxylin-eosin staining were performed to evaluate fat accumulation in liver tissue. Blood glucose level, 

insulin resistance, adiponectin, serum irisin level and liver lipid profile in the group receiving high-fat diet compared to 

the normal control group increased significantly (P <0. 05). Treatment with metformin caused a significant decrease in 

the level of these parameters compared to the high-fat diet group (P <0. 05) and an increase in the expression of PGC-

1α gene in adipose tissue was observed in this group. As insulin resistance increased in rats receiving the high-fat diet, 

serum irisin level also increased, and with improving blood glucose and insulin resistance by metformin, serum irisin 

level was decreased. These results suggested that the elevated irisin levels may be a compensatory response to insulin 

resistance and impaired glucose metabolism. Hence, irisin could be considered as a potential target for the treatment of 

type 2 diabetes. 

 

Key words. adiponectin, exercise, glucose, insulin resistance, myokine 
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 =�%@   -�g��   7" !1 =�M   �)�5�5
"5@   
�   =� �   ��+   70   /�
�  

 ��%�5���*   �6   !$
   _)� !1   =
��8��   .�
   'L�@   @%[ �   !�   _w@  

 ��# �   3�� 5 /   '�0   b��P� �   /P@   
"Pe+   P*
%@ �   @P5 7�   7>   /P@  

 '.%*   ���   $   /���L2@   
�   ̂ #��   � 5 7>$%�   �  ) f   
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�   � � =   �+  �  80   /�
�   ��%�5���P*  

 
��8�� =   .���
    

C����&��	 ���!'!(�!� ���  

     G5B6$%0"X5�=�PPPM �PPP@ /�5PPP(��� G5)�PPP0 Low-density 

lipoprotein (LDL-C)� /�5PPP(��� O�PPP@ High-density 

lipoprotein (HDL-C)� =%PPPP6 �)%5PPPP(5�&Triglyc 

triglyceride (TG)  �  A$%�PP(�< -�PP6 Total cholesterol 

(TC)� �;<"PP�& ?);�1=�PPM G5PP�O1 !�%�PP(��%6"+5 1 Alanine 

aminotransferase (ALT)  $ ��6
�XPPP*1 !�%�PPP(��%6"+5 1 

Aspartate aminotransferase (AST)  iPP*"6 R%K =�PPM 

'<%
 '()! ��5
- 7�%P)� �-�Pg� .�P
 	!��P��=%5& Tumor 

necrosis factor α (TNF-α)� �"P(��5�G 1)%P);)�G P*�5��M= 

Z%[ ��!1 $ G5�,�"X)�1 �@ 	����P*� !� 'P5< =�PMRat ELISA 

kit, CUSABIO Diagnostic, Japan    -�g�� �)�%&.   

C����&��	  :�?=<  "�� =  A$%�(�<  $  %6=  �&5(5%)�  �D<  �P@ 

	����PP*� !� ���PP*�	 O�PP�1"6�)
; 	!��PP��&5%= .�PP
 NUPP* ;PP�1)? 

(<�%0"*5�  �)!�6"�(  �D<=  �P@  	����P*�  !�   05A"��P&$%  $   P57�; 

7"��   �=  M��15�  �D<=  �@  	����P*�  !�  65@
�@"5
"�P)H  P*�5�  /P@ 

a$
 %� "�L$%�,XPP*�= iPP*"6 	���PP*� %� "�L$%�,XPP*� A�PP  

UNICO UV- 2100 ��	!��=%5& �%&)�. 

E�
��� ��  ����!��  

     �%PP@= !
�PP)@��  PP57�; 'PP $�4  /PP@ �"PP(��5G !� A�PP  !
�PP)@�� 

!��*"B "M)J  )�  HOMA-IR  	����*�  �%&)�.  �P)G  z#�P
  �P@ 

	����*�  !�   57�;  �+b  7"#  ��
��  $  �"(��5G  ��
��  SDr A" %L !)% 

/D*��  �
  )Lovati, et al., 2012.(    

  HOMA-IR = Insulin [µU/ml] * Glucose 
[mmol/l] / 22. 5  
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    �%@= /D*��  z#�
 �D<= !�  A" %L !)% 	����*� �
  )Zou, 

et al., 2006.(    

Liver index = Liver weight / Body weight * 100  

�!8G ���'� E���  
 H��   �%!�&  

    'L�@   =�D<  
�  A"��   �� %L G5  10  ��
�  =�%@   7"5*�6�
�5M� 


�%b  	���   �
   JX*  G5L�
�0  /@  'L�@  /L�s�   $  c�
  =;5 1   �@  

�5(<"6��M5G  -  G)!"d�  -�g��  .�)�%&  a%@  !�  /�"��  /�L%&  �
   $  

i*"6  {",*$%,5   �=
"�   Z"*
  @%[�  $  !"6�B�*�  
�  �D<   �
"  

*
%@� 
�%b 'L%& )Zou et al., 2006.(    

�����?I RNA 
 %
J�  cDNA  

      y�%w�*� RNA   !�   'L�@   �@%[   �@   	����*�   !�  '5<   =
�g6  RNeasy 

mini  kit   '<%
  QIAGEN, USA   -�g��   .�
   J0   !�   y�%w�*�  

RNA �   'e�\   71   �@   	����*�   !�   7���"#   Zp�   
"�   
�   A"r   y"   260  

 %� "���   �@   	����*�   !�   	���*�  NanoDrop, Thermoscientific, 

USA   	!���� =%5&   �)�%& .   G5+E�M   |"�#   /�"�� �M   �@   	����*�   !�  

 'D(�   Zp�   
�  260   $  280   %� "���   )280 /260 (   +* 	�5g   �
   /@  

 ��,
   /<  %&�  'D(�   H)�;�   /@ 2   ��"@   |"�#  RNA   �5)�6  �  .�)�%&  

 �@   	����*�   !�   < 5 '  cDNA synthesis kit, Thermoscientific, 

USA    ;�+*  cDNA   -�g��   �%& ) � .  

����� /�!� �=��   /, ��  B
� Real-time PCR  

     !�  7" !1  _+<�$   %5g�! 	 =�   !�%�5�0   �%@ =   !
� ) @��     5 7�;   @5 7�   >7 

Peroxisome proliferator-activated receptor γ (PPARγ) 

Coactivaror-1-alfa (PGC-1α)  	����*�   .�
   �@   /�"6   /@ 

 ��5�"v#  'L�@ �  !�  Glyceraldehyde phosphate 

dehydrogenase (GAPDH)   /@  7�"+.  House keeping 

gene  �%@ =   A%�+< �#�� �   $   �%@ =   *
%@ �  @5 7�  7>�M  !� ABI-step 

1 system, USA  $   
"�   
���  !�   �* ) %&%D )�G  '<%
   )��,   8g6 5 ; 

�� !1  � ) 7�%  	����*�   �%&) �.  _+<�$ �M   /@  6%6 5�t ��
%*�$ �  �$� 5 / 
� 

 � �=  95   /�
�   ��%�5���*   �%@ =  10   ��T 5 /  ��
%*�$ �  "��T ) /  
� 

 � �=  95   /�
�  �* � � 5��%�   �%@=  5   ��T 5/  $   A�v6�  $   a%�(&   /@ 

��   34   ��T 5/  
�   � �=  60   /�
�   �*��%�5��  -�g��  p0 ) 'L%. 

 _+<�$   /*   
�@   
�%,6   �)�%&   $   �@�)!
�   7�;5    7�5@   7>   �@   	����*�  !� 

 a$
   }�"5�  ct delta delt-2  -�g��  �
   )2016 al., et Karkhaneh, .(  

 ���"6  =�M%�)�%0  �
"   	����*�   
�  A$��  2   /�2#   �
 	.��� 

��%KG L!�MG ����&   

     ��� ) j   /@   �
"�     5 ��� 5 G  ±   R�%���   � !   5  ��� 5 G   7���   	���   	�
   .'P*�  

 �%@ =  ;g6P) /  $  ��6P5 ̂   	��� �PM   !�   -%P�   
�;PL�  SPSS   7>
$  24 �   ��6P5 ̂  

 
�$ ) J��   ) H   /L%r  ANOVA one-wey   $   7" !1   4K6 5 D �  Tukey’s 

post hoc test   /PP@   
"PPe+    �4  ) /PP(  PP@ 5 G   	$%& �PPM   $   �"PP�$   R2�PP#�  

 �+K  
��  P@ 5 G   �P8�1   	����P*�   �%&P) � .   R2�P#�  P@ 5 G   	$%& �PM   
�   NUP*  

 )P<0.05 (   /@   7�"+.   NU*   �+K  
��   7�"@   
�   %e�   /�L%&  .�
  

 
 

N
?I 1- <%65��D  $  5 7�; >%��=   >
)? (�" �57"  Z%[%0 )Zou et al., 2006 (.  

Table 1. The composition and caloric content of the high-fat emulsion diet. 

High-fat emulsion Component 
400 Corn oil (g) 
150 Saccharose (g) 
80 Total milk powder (g) 

100 Cholesterol (g) 
10 

 

36.4 

Sodium deoxycholate (g) 

Tween 80 (g) 

31.1 Propylene glycol (g) 
2.5 Vitamin mixture (g) 
10 Cooking salt (g) 
1.5 Mineral mixture (g) 
300 Distilled water (ml) 

4342 Total energy (kcal/l) 

 

N
?I  2- ��"6� �%0 )�M%� = �
"  	����*� 
�  Real-time PCR. 

Table 2. Sequences of primer used in real-time PCR.  

GC  (%) TM Size Sequence 
Gen 

Amp. Size 
57 60 21 GCTGAAGCCCTCTTGCAAGAC PGC1a-F:144 

52 60 23 ACTGAGGACTTGCTGAGTTGTGC PGC1a-R: 144 
43 60.5 23 CAACTCCCATTCTTCCACCTTTG GAPDH-F:105 
42 60 26 CTGTTGCTGTAGCCATATTCATTGTC GAPDH-R: 105 

  

 [
 D

O
I:

 1
0.

52
54

7/
nb

r.
9.

3.
16

9 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
01

.9
.3

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

ys
te

m
.k

hu
.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             4 / 13

http://dx.doi.org/10.52547/nbr.9.3.169
https://dor.isc.ac/dor/20.1001.1.24236330.1401.9.3.2.2
https://system.khu.ac.ir/nbr/article-1-3451-fa.html


/�L�) ��� ���()! -"�. 
� G)"� =�M9 	
��
 �3  :181 -169 )1401  (Nova Biologica Reperta 9(3): 169-181 (2022)                                                         

 

  173/173 

 

   S��
�    

     J0  !�   _
  /��M   'L�)
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�� 


�  7!$  �@�(�<�  
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NU*   %*�  �1)�,�"X5G  
"U@  �+K 
��  
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) ?  Z%[%0 

'D(�  /@   	$%&  A%�+<   A� %�  �%&)�  (P<0.05)  �$ �  
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�)'L�   	�++<   
"�� 5�G  NU*   %*�  TNF-α   _M�<  $   NU*  
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) ?  Z%[%0  �;L�)_  
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$� $ J<��� �D<= . 

Table 3. Results of body weight gain and liver index. 

 

Metformin  

(n=8) 
High fat diet 

(n=8) 
Normal control (n=8) Groups  

34.66 ± 9.85 * 52.72 ± 17.17   68.00 ± 6.83   
weight gain 

(g)  

 0.37±4.21  4.35 ± 0.46 # 3.64 ± 0.17  
Liver index 

(%) 

��%T�   
"�� 5G  %@   57�;  7!$  �@�(�<�  $  J<���  =�D<  
�  	$%&�M=  A%�+<  A� %��  >
)?  Z%[%0  $  	$%&   
"�� 5G  /<  /��!$
  /@  57�; 250 ��5 -%& %P@ <5-%&"P� 

7!$  �
�M   
"�� 5G 
�)'L�  .�"��  

*  7��� 	�+M� �$��6 
� 1= �+K 
��  ) (P<0.05 �@  	$%&  >
)?  Z%[%0 .'*�    

#   7��� 	�+M� �$��6 
� 1= �+K  
�� )(P<0.05  �@ 	$%& A%�+<   A� %� .'*�    

Effect of metformin on Body weight gain (g) and Liver index (%) in normal control group (NC), high fat diet group 

(HFD) and metformin group (Met) that recived HFD with metformin (250 mg/kg/daily). 
* represents p < 0.05 compared with the HFD group. 

# represents p < 0.05 compared with the NC group.  

 
N
?I 4 -  j)��� �M%� �
�0=   @5
"5�5 � �)  -%* $ .�D<   

Table 4. Results of serum and liver biochemical parameters.  

Metformin  

)n=8 ( High fat diet (n=8)Normal control (n=8)Groups  

20.32 ± 0.51* 63.88 ± 19.48 #  25.97 ± 14.13 Triglycerides (mg / dL) 

42.18 ± 0.49 * 79.90 ± 13.50 # 46.10 ± 7.50 Total cholesterol (mg / dL) 

23.01 ± 0.68 * 42.67 ± 10.28 32.18 ± 11.41 HDL-C (mg / dL) 

15.63 ± 0.38 * 61.54 ± 21.39 # 21.17 ± 3.35 LDL-C (mg / dL) 

4.06 ± 0.1 * 15.49 ± 7.12 # 5.18 ± 2.83 VLDL (mg / dL) 

31.9 ± 0.66 * 56.9 ± 5.84 # 35.56 ± 6.20 Free fatty acid (mg / dL) 

304 ± 8 286 ± 42 269 ± 45 Aspartate aminotransferase (units per liter( 

85 ± 5 88 ± 15 84 ± 9 Alanine aminotransferase (units per liter( 

6.23 ± 0.24 * 5.10 ± 1.01 # 6.76 ± 0.53 Adiponectin (pg/dl) 

345.23 ± 3.2 * 434.31 ± 35.8 # 331.13 ± 52.5 Insulin (nano U/ml) 

    

98.52 ± 0.43 * 120.9 ± 10.36 # 104.3 ± 9.3 Tumor necrosis factor α (pg / ml) 

    

13.37 ± 0.58 * 14.40 ± 0.74 # 13.50 ± 0.75 Liver triglycerides (µm/g of tissue) 

11.91 ± 0.89 * 12.80 ± 0.52 # 11.70 ± 0.64  Liver cholesterol (µm/g of tissue) 

76.41 ± 4.89 76.47 ± 5.63 81.84 ± 4.65  
Liver Superoxide dismutase (unit per mg of 

protein)  

5.84 ± 0.57 * 6.65 ± 0.24 # 5.91 ± 0.46 Liver Malondialdehyde (nm/g of protein) 

��%T�   
"�� 5G  %@   57�;  =�M%� �
�0  �)�5�5
"5@  -%* $ �D< 
� 	$%&�M= A%�+< A� %�� >
)? Z%[%0 $ 	$%&  
"�� 5G /P< /P��!$
 /P@  P57�; 250 ��5 -%P& %P@ 

<5-%&"�  7!$  �
�M   
"�� 5G  
�)'L�  .�"�� 

*  7���  	�+M� �$��6  
� 1=  +K �
��   )(P<0.05 �@  	$%& >
)?  Z%[%0  .'*�   

#  7���  	�+M� �$��6  
� 1=  +K �
��  )(P<0.05  �@  	$%&  A%�+< A� %�  .'*�  

High density lipoprotein (HDL-C). 

Low density lipoprotein (LDL-C). 

Very low density lipoprotein (VLDL-C). 

Effect of metformin on serum and liver parameters in normal control group (NC), high fat diet group (HFD) and 

metformin group (Met) that recived HFD with metformin (250 mg/kg/daily).  

* represents p < 0.05 compared with the HFD group. 

#   represents p < 0.05 compared with the NC group . 
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Figure 1. Effect of metformin on serum glucose level in normal control group (NC), high fat diet group (HFD) and 

metformin group (Met) that recived HFD with metformin (250 mg/kg/daily). 

** represents p < 0.01 compared with the HFD group. 
 #   represents p < 0.05 compared with the NC group. 

 

 

 

L@(  2-  ��%T�   
"�� 5G  %@  ' $�4   /@  G5�"(��  aIR-HOMA  
� 	$%&�M=� A%�+< A� %� (NC)� >
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"�� 5G(Met)  /P< /P��!$
 

/@   57�;250  ��5 -%&  %@  <5-%&"�  7!$  �
�M   
"�� 5G 
�)'L�  .�"��  

a: HOMA-IR = Insulin [µU/ml] * Glucose [mmol/l] / 22. 5 

**  7��� 	�+M�  �$��6 
� 1 = �+K 
��  P<0.01)( �@ 	$%& >
)?  Z%[%0 .'*�    

#   7���  	�+M�  �$��6 
� 1= �+K 
��  )(P<0.05 �@ 	$%&  A%�+< A� %� .'*�   

Figure 2. Effect of metformin on Insulin resistance HOMA – IR in normal control group (NC), high fat diet group 

(HFD) and metformin group (Met) that recived HFD with metformin (250 mg/kg/daily). 
** represents p < 0.01 compared with the HFD group. 

 #   represents p < 0.05 compared with the NC group. 

 

 [
 D

O
I:

 1
0.

52
54

7/
nb

r.
9.

3.
16

9 
] 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
01

.9
.3

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 s

ys
te

m
.k

hu
.a

c.
ir

 o
n 

20
25

-1
2-

07
 ]

 

                             7 / 13

http://dx.doi.org/10.52547/nbr.9.3.169
https://dor.isc.ac/dor/20.1001.1.24236330.1401.9.3.2.2
https://system.khu.ac.ir/nbr/article-1-3451-fa.html


G(37�# .7�
�,�M $  G5 
"�� $ G);)%)1                                                                                                            Hassan Khan et al. Metformin and Irisin  

 

176/176 

 

 

L@(  3-  ��%T�   
"�� 5G  %@  NU*  G);)%)1  -%*  -%&$%,5 )  %@  ��5   (%�5�  
�  	$%&  A%�+<  A� %�  (NC)�  >
)?  Z%[%0   (HFD)$ 	$%P&  
"P�� 5G (Met)  /P< 

/��!$
  /@   57�;  250 ��5 -%&  %@  <5-%&"�  7!$  �
�M   
"�� 5G  
�)'L�  .�"��  

**  7��� 	�+M�  �$��6 
� 1 = �+K 
��  P<0.01)( �@ 	$%& >
)?  Z%[%0 .'*�    

#   7���  	�+M�  �$��6 
� 1= �+K 
��  )(P<0.05 �@ 	$%&  A%�+< A� %� .'*�    

Figure 3. Effect of metformin on serum Irisin level in normal control group (NC), high fat diet group (HFD) and 

metformin group (Met) that recived HFD with metformin (250 mg/kg/daily). 

** represents p < 0.01 compared with the HFD group. 

 #   represents p < 0.05 compared with the NC group. 
 

 

 

L@(  4-  ��%T�   
"�� 5G  %@   @57�  7>    PGC-1α    /<  i*"6  GAPDH  O� %�);  	�
  �"@  
� 	$%&�M=� A%P�+< A�P %� (NC)� >
P)? Z%P[%0 (HFD) $ 	$%P& 

 
"�� 5G  (Met)  /<  /��!$
  /@   57�;   250  ��5 -%&  %@  <5-%&"�  7!$  �
�M   
"�� 5G  
�)'L�  .�"��  

**  7��� 	�+M�  �$��6 
� 1 = �+K 
�� (P<0.01) �@ 	$%&   >
)? Z%[%0 *� .' 

#   7���  	�+M�  �$��6 
� 1= �+K 
��  )(P<0.05 �@ 	$%&  A%�+< A� %�  .'*� 

Figure 4. Effect of metformin on PGC-1α gene expression (Normalize with GAPDH) in normal control group (NC), 

high fat diet group (HFD) and metformin group (Met) that recived HFD with metformin (250 mg/kg/daily). 

** represents p < 0.01 compared with the HFD group. 

#   represents p < 0.05 compared with the NC group. 
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�)��+�
�)100.( 

Figure 5. Photomicrograph of liver tissue slices in all groups after hematoxylin - eosin staining. Liver tissue in normal 

control group was normal (A). Liver sections from the high-fat diet group displayed obvious macro and microvesicular 

fat droplets (B). In Met group after six weeks of a high-fat emulsion diet feeding, did not observed obvious macro and 

microvesicular fat droplets (C) (X 100). 
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