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ABSTRACT: OBJECTIVE  To investigate the improvement effect and mechanism of metformin(MF) on insulin resistance in 

castrated female rats. METHODS  The levels of serum estradiol(E2), progesterone (P) and insulin (INS) were determined by 

radioimmunoassay method. Tumor necrosis factor-a (TNF-α) level was measured by enzyme-linked immunosorbent assay. Gene 

expression of pancreas islet suppressor of cytokine sighting-3(SOCS-3) was determined by using reverse transcriptase 

polymerase chain reaction. RESULTS  Compared with NS group, the serum E2 and P content in OVX group were significantly 

decreased, the TNF-α, INS content were significantly increased , while  the SOCS-3 mRNA expression of pancreas islets were 

significantly increased(P<0.01). Compared with the  OVX group, MF low group has no significant change. Serum E2 and P 

content were significantly increased (P<0.05) in MF high group. The TNF-α, INS content significantly decreased (P<0.05 or 

P<0.01), while the SOCS-3 mRNA expression of islets were significantly decreased (P<0.01). CONCLUSION  Long-term 

with a large dose of MF 270 mg·kg
−1
·d

−1
can improve ovariectormized rats insulin resistance phenomenon. The mechanism may 

be related with the decreased of TNF-α and SOCS -3 mRNA expression of islets. 
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Â RNAÃ£«¬Ä6M-MuLVÅ/Æ cDNA<%«¬ÄÇ�ÈÉ¼Ê¼ËÊÌI¹º»£¤�PCRÍÎ«¬Ä��ÏÐ¼Ë£¤�TNF-α ELISA ÑÒ«¬Ä�ÈÉÓÔ¼ËÕÖI¹º»£¤�×ÁØÙÚÛÜÝ�6Þ� PCR ¿Ç�ß�
Eppendorf º»¼½àáâ¿�ã� BIO-RADº»¼½� 
1.1.2  äË  å·Wistar�æ�� 24ç�è�d+ (200é20)g��êëì�íîäËïÝ£¤�íîäËðoñS¿SCXK20080002� 
1.2  �� 
1.2.1  ò
  óôå·�æWistar�� 24ç�è�võzö�����&÷��øù�pó 8 çå·�� úû�ü�ù{ýþj� 1 ����   4��SHAM�6 OVX�6 MF ��� MF ��� ���ò
 MF 1356270 mg·kg−1

·d
−1g=�	¼¥¯
�Ï�ò
 42 d� 

1.2.2  ô©  ��ò
�� 12 h{��Âä�ô�� 5 mL����� 20 min�ÜÝô��−20 �ÚÛ���Ò�01�Ùô��������Û� �!"��#$���Ò� 
1.2.3  MF ������� E26P6INS6TNF-α
%���  � RIAÒ&h����� E26P6INS�
%�� ELISAÒ&h����� TNF-α'	�(n)*Çõ«¬Ä+r,&÷� 
1.2.4  MF������� SOCS-3mRNAqu���  mRNA£ô¿ô 30~50 mg��������Ù��#$ï]-./�(n)*õü«¬Ä+r,&÷�0� 11�2Ò&3 OD 4
(A260/A280)a 1.8~2.0.5�6T7 RT8þõ«¬Ä<%Å 1 Æ cDNA�PCR ÍÎ8þ�β-actin9�:&÷�;�25 µL d�<= TaKaRaEx Taq 

0.125 µL610>Ex Taq Buffer 2.5 µL6dNTP Mixture 

2 µL6?@ DNA 2 µL6��PË 1 µL6AB�C
DE 25 µL�95 �FG( 2 min�94 � 2 min�
56 � 30 s�72 � 30 sH 35iIj�ÍÎ½Ë�
2%JK	LMÑÒ�Quantity one ��ÑÒ PCR½ËN�4�β-actin  5'-TTGTAACCAACTGGG 
ACGATATGG-3'�5'-GATCTTGATCTTCATGGTGC 
TAGG-3'�ÍÎO�  764 bp�SOCS-3  5'-TCA 
CCCACAGCAAGTTTCC-3'�5'-GGATGCGTAGGT 
TCTTGGTC-3'�ÍÎO�  282 bp�PË�ÈÉ¼Ê¼ËÊÌI¹º»<%� 
1.3  �2PQ¥ RIS¨Çf sx ± qT�îñhíîS¨�y\UVF W�h��XY({����X Z&÷;[�  
2  �� 
2.1  MF ������� E26P6INS6TNF-α 
%��� c SHAM �;[�OVX ����� E2� P�'	Ç|\�](P<0.01)��� INS g TNF-α�
%^r|_Ø(P<0.01)�MF �� OVX���� E26Pg INS�
%`|\��(P>0.05)àMF �^oPQ OVX ���� E26P 
%|\_Ø
(P<0.05)à�� INS g TNF-α �'	r|�]
(P<0.01)�ea�q 1� 
2.2  MF�������SOCS-3mRNAqu��� JK	bcLM�d 1�eaqr�c SHAM�;[�OVX � PCR ½Ëe�r|�� SHAM��N�4 Zea|T�OVX �����
SOCS-3qu|\_Ø(P<0.01)� c OVX �;[�MF �� PCR ½Ëe�r|f� OVX ��N�4 Zeaqr�����
SOCS-3qur|�](P<0.01)�ea�q 2�

� 1  MF������� E2�P�INS	 TNF-α
���( sx ± �n=8)  

Tab 1  The influence of MF on serum levels of E2, P, INS and TNF-α in OVX rats( sx ± �n=8) � � ��/mg·kg
−1
 ���/ng·L

−1
 �	/µg·L

−1
 
��/mIU·L

−1
 �����-α/ng·L

−1
 � � � − 21.08±6.98 10.68±3.15 25.28±3.59 0.0574±0.0103 ���� − 9.12±1.87

1)
 5.08±2.63

1)
 38.96±3.81

1)
 0.0767±0.016

1)
 ����� 135 12.46±2.75 7.14±2.87 36.51±2.34 0.0493±0.0232 ����� 270 14.34±4.20

2)
 9.17±2.51

2)
 29.82±1.86

3)
 0.0451±0.0077

2)
 ������� !"1)

P<0.01#������ !"2)
P<0.05"3)

P<0.01 

Note: Compared with SHAM grope, 
1)

P<0.01; compared with OVX grope, 
2)

P<0.05, 
3)

P<0.01 
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� 2  MF������� SOCS-3mRNA���� 
Tab 2  The influence of MF on socs-3 expression of 

pancreas in OVX rats �  � ��/mg·kg
−1
 $�/n SOCS-3/β-actin � � � − 8 0.501±0.089 ���� − 8 0.875±0.107

1)
 ����� 135 8 0.632±0.133 ����� 270 8 0.543±0.156

2)
 ������� !"1)

P<0.01#������ !"2)
P<0.01 

Note: Compared with SHAM grope, 
1)

P<0.01; compared with OVX 

grope, 
2)

P<0.01 

 � 1  ������ SOCS-3mRNA����� 
M−Marker#1−��� SOCS-3#2−MF �� SOCS-3#3−MF �� SOCS-3#
4−%&� SOCS-3#5~8−β-actin 

Fig 1  SOCS-3 mRNA expression in pancreas of ovariector- 

mized group rats 

M−Marker; 1−OVX SOCS-3; 2−MF � SOCS-3; 3−MF � SOCS-3; 

4−SHAM SOCS-3; 5−8−β-actin 

3  �� ��������	
�� 2 ���	��������������������� �!"#$%&'()Atamer *[5]+,-.�/0%&123�45�67589:;�<=�>?@:ABC?DE,FGHIA675JK�L)MNO���PQRSTUV E2�P WX.BYZ�FG INS WXBC[;���675JK�L)\]�S^X_` MFa.BbcPQSTUV E2�P WX�FG.BYZUV INS89�de675JK�L) 675JKfgHhijkl�m�nNO��675JKo�<pqjr89stuv�pqjr]�wx� �a&fyz67β{|� 675%&}~�o�675JK��j5[6])TNF-α < IL-6 �
���-?{|jr��pq�!"�_�l�����`[7])�� TNF-α �w���`�675���y�����675}����y\d�675��?��������� ��¡¢��£�kl675JK�L[8])¤mNO���675��¥¦}§�¨©fyz675JK��ijª«�SOCS-3 �w<675}�u¬�`®

675���y���¯ SOCS °±²³«´, 
SOCS-3 ��µ<¶�·{|jr�«¸¹5ºy{|���y [3,9])»¼�½HNO-.�
SOCS-3 a®¾¿ÀÁÂÃ¹5�¾Ä¹5ÂÃi-Å�675�45��]jr�TNF-α�
IL-6*aºy SOCS-3Æj-Å��-ÅoÇÈaÉ§2Ê¸{|jr���y[3,10])Ë+,ÌÍNOÎÏBÐ�PQRSTUV TNF-α WX.B[;�FGST67 SOCS-3-Å.BbH�]�S^XÑ` MF R�UV TNF-α WXBCYZ�FG67 SOCS-3Æj-Å.B¨©��Ò®<UV TNF-α aºy67 SOCS-3 -Å�o�Av) ÓÀÔÕ�MFaÉdePQST675JK�
�������	Ö×ØÙÚÛÜÝÞ) 
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