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[ ABSTRACT] Aim To investigate the effects of pioglitazone on the expression of skeletal muscle AdipoR1 in type 2
diabetic rats, and explore the improvement effect and its mechanisms of pioglitazone on type 2 diabetes and insulin resist-
ance. Methods Forty healthy eight-week-old female Sprague Dawley (SD) rats were randomly divided into normal
control group(n =10) , diabetic group(n =15), and pioglitazone group(n =15). Type 2 diabetes rat model was repro-
duced by feeding a high-sugar-fat diet followed by an intraperitoneal injection of a low dose of streptozotocin (STZ). Rats
in pioglitazone group were laraged with pioglitazone 10 mg/ (kg + d), while those in control group and diabetic group re-
ceived the same amount of normal saline for 12 weeks.  After 3 months, blood was taken from femoral vein and serum adi-
ponectin was measured by enzyme-linked immunosorbent assay (ELISA). The structure of skeletal muscle was observed
with light microscope and electron microscope.  The protein expression of AdipoR1 in skeletal muscle was detected by im-
munohistochemical staining. Results Serum adiponectin (1.01 £0.27 mg/L) in T2DM group was significantly de-
creased compared with normal control group (1.73 £0.32 mg/L) , but that of pioglitazone group (1.34 +0.43 mg/L) was
significantly increased compared with T2DM group (P <0.05). Immunohistochemical staining showed that the expression
of AdipoR1 in skeletal muscle was the most obvious in normal control group and was attenuated in T2DM group.  The ex-
pression of AdipoR1 in skeletal muscle of pioglitazone group was more significant than that in T2DM group, but was weaker
than that in normal control group.  Light microscope and electron microscope showed no obvious abnormalities in skeletal

muscle structure. Conclusions The levels of serum adiponectin and AdipoR1 in skeletal muscle decline in type 2 dia-
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betic rats.

Pioglitazone can up-regulate the levels of serum adiponectin and AdipoR1 in skeletal muscle thus it can down-

regulate the circulating levels of glucose and lipids and improve insulin sensitivity.

ITAF R Y K BAG BX & (adiponectin ) J2 S
AN I I M — 5 AR o e B R e R R Y bR
HAT et e i R ARBTRIAME HISE , i BAT W (R0 |
rm i B Bish kol e LS54T . Yamauchi
SEIF 2003 4F 2 A RGO I FI/N R IR X R
ZAK(AdipoR) BEPH A BIFFE R B IR ER 3R M HoZ 1Ay
oA 55 2 BB R (type 2 diabetes mellitus, T2DM)
SRR 1 & A R TR B VA OG o b 51 Bl 2 0
AR T2 N Y — g e — B2 ('TZD ) g 15 48
BEOR) ol AT A 1 5 0 U Y 32 44 y (PPARYy) 1Y
RS sl D AR ST ST T2DM K U
TG i 35 AR I ZR KK B UL AdipoR1 SR A
FHOCHENE AR bR , 805 LA 2] TR o4 35 1 1 R KL
AT BERL, S TZD SE25 i R )12 I B 4 5 56
A

| MRS

1.1 EEHR

40 2 7E 7 M P Sprague-Dawlay (SD) & ., 8
JEl % 1A E 180 ~200 g, M B T ER K ¥ 30 4 52 1
PO, KR EEEE ELISA K7 & W B # & BPB 4
WA NE, RIA R AdipoR1 % 72 itk B %
[E Phoenix 4 41 % 7 2 8], 910 % % & 41 2 A6 F K A
AR BEEY I RARAE, HREHZ
( streptozotocin , STZ) Y % & Sigma /8 = & , o 15 7]
B i B AR H A E B
1.2 BhEBRHIE RS A

40 R SD A R AL N IE ¥ X B4 (n =
10) BERFA(n=15) k&P B4 (n=15), H
HOE R AL 4 T AR R R B RO 4L f e S 7 B
ARG TEERRERE(EEEAR”FIMN2.5%
JELE B 20% FEHE 15% # ) . 4 Bl ), B xR 4
Aot 4% Z B 488 s 9 — K M E ST/ A E STZ (30
mg/kg, % F 0.1 mol/L # # B % » 3 # , pH4. 4) ,
EHMBABEETIRERROMBREY R, 2 A
Ja M 25 f§ o 4 ( fasting plasma glucose , FBG) | = ff %
¥ % (fasting insulin, FINS), 3FiF & ¥ 8 Z 8 & H
B, AR M o A K T IEE ALK B A + 3s
(7.8 mmol/L) H# # ik & KGR MR #H H &
R S B 414 F 10 mg/ (kg - d) A 7] B
HEE BRFAMEE A BALTEE LR KHE

B, 12 8, ZREE, AR ARTE Bk, RE
RAEMEEGY,
1.3 WRAERE

12 BJE, TEBRE RN — KR 12 ~14 h,
10% X & 4.8 (3 mL/kg) 8 5% SR B K R, R #
BB, A B, YR EAR A, -20°C R, A
T4 WA F AR R FR B R AR, R B I
kAL 10% % 3R P EE B E A, BB, E AL
MR, ARENE R HAPFLE oL 4%
RBEEE, FRENE,
1.4 S EIERRE T

FBG VA Roch i (L3l % 5 FINS 5% A X4 14K #
ST %% 2T N E 5 ofn A R A& [ AR 1650 4 B 3
A G T DU E 5 R &R 38 3 (1ST) BLA K
ISI =1/ (FBG x FINS) 7+ & 1% i ; fn 7% i Bk & % A B8
Bk %, 9% % % (ELISA) Il €
1.5 BEHRANZEKRN AdipoR] FRik

TEY) R R AL R KRR BB 3TCIFE 10
min Y05 5 ; A Ko ok B B #h 2 vk TR (PBS) ik 1
K 3% A AIEE 15 min; 28 A v, PBS 23 5
min X3 K ; & /K Bt B #E 0 e 1:200 % B 89 AdipoR1
RAA RS B ,4°C TR ; PBS Wk 5 min x3 K
T AR I b A B ARIT By 1L AR 1eGL37CIEE 30
min;PBS # % 5 min x3 K ; B A7 L6 ; B KA
VE,RAREL, BACEW HA AR TERI A
MLAEER S MLEF, DR B AT R A FE I E Adi-
poR1 FH 5% 3k #yF35 10D 18,
1.6 RIE HBENE

MAEEAREEK, FAELE S5 min, B KK
1 min,1% 2h B 28 2120 s, B KKK E S min,
FLL%E 2 min, B KK | min, HE LB R A, =
WREW, mEARIKE R, RERNE, BHNAL
4% X Z BRI E 1% KB T B T, T R SR,
EPON 812 &3 M #4 Fr ,4F 4 X E 3 €, 3% 4t 4
WA,
1.7 Sit=4E

] SPSS 13.0 Kt HAE LI E R, &4
BEHHTEA R, EALFHER Uy +5 %k
R ARSI P AL B (T Y g, g
%) [M(QL,QU) |k, & 4 B4 b8 wr e AT
FEFER, LA NBRKAEEEZ T 2007, 41
A K Bl SNK-q £ 36, A8 < M 2 47 2 F] Pearson H



228

ISSN 1007-3949 Chin J Arterioscler, Vol 20,No 3,2012

BAX MBS, P<0.05 HZEFHZITFEE L,

2 & R
2.1 SMFiERTH

W4 B FBG (FINS & H W =g (TG) 5
RHEEE(TC) K% R & H AR EERE (LDLC) AR AKS

x 1 KREMUFIEREL

Table 1. Change of Biochemical parameters in rats

JE R IR B ( VLDLC ) 7K 25 8 1 1E 5 % B4,
T 2 BE R 4 1 L[ B ( HDLC ) 7K & IST 3% F 1F
FWXTHRAL, 2R A GIFE (Y P <0.05) ;IiEA% 51
fiil2H K B FBG . FINS #1 TG . TC ,LDLC , VLDLC 7K
BT RS PRI, fEA)5 5 T 1 # X B4, HDLC 7K ~F
K ASE ¥ TR R AL, (BTG F 1 5 X RR 4, 22 57
FHET (¥ P<0.05;% 1),

Ei=R 1E X B BEBR I MHA% 371 6 2
FBG (mmol/L) 4.89 +0.35 12.43 +1. 48" 9.01 =1. 14"
TG (mmol/L) 0.79 0. 07 1.92 +0. 25* 1. 17 £0. 14'
TC( mmol/L) 2.05 £0.06 3.36 +0. 09" 2.78 £0.08"
LDLC (mmol/L) 1.16 £0. 11 1. 87 +0. 09* 1.57 £0.07"
VLDLC ( mmol/L) 0.32 +0.03 0.90 =0. 07" 0.61 +0. 05"
HDLC (mmol/L) 0.94 +0. 04 0.57 +0. 03" 0.65 +0. 03"

FINS (mIU/L) 17.66(16. 83,18.27)

ISI 0.0111(0.01041,0.0121)

0.

20.95(19.81,22.11)

18.45(17.97,18.76)

0039 (0. 0036,0. 0041)* 0. 0065 (0. 0057 ,0. 0069) "

a P <0.05, SIEEX A LE ;b R P <0.05, SHRFRLA HLE

2.2 IMiEREBREKE

BEFR 6 20 (1.01 +0.27 mg/L) . Atk 4% %1 i 20
(1.34 £0. 43 mg/L) KR A 96 2R S48 T 1 % Xt
HRZH (1.73 £0.32 mg/L,P <0.05) ., S¥ERpE4 L
B M S K BRI G eIk R B E TS (P <
0.01), HH 3¢5 Mr 2= B K BRI ¥ g 6 2 K °F 5
FBG FINS Fl LDLC 2 A0 (r 430518 - 0. 656, —
0.359 fl —-0.637,# P <0.01),5 HDLC f1 ISI &
EASECr 4390k 0. 614 F10. 615,39 P <0.01)
2.3 BEAL AdipoR1 FRiXx

DS BA B €5 00K ) Jo Ay B PR R B, TF R 0 R
2R EE- B LT WL R A OB o R 4

g/ y

7

I

1. RERALANFLBEERNAREIA AdipoR1 FKiE( x200)

KRB WL 0 TR B2 3 L 658 T %o R 26 ) A ik
B2 MU SR 2H K BB LG R B B R oA IR
2  (HA /D TR X RRA (& 1), BEIR A
KEBHNL AdipoR1 £ 123519 10D {H (106. 03 +
25.70) S 1FE % X BB 2H (224. 81 +58.19) Y 47. 2% ,
NHAE 51 B 20 (151, 47 +30. 63 ) B IRAG L1 1. 43
L ERAGITFE L (B P <0.05), MR
IR A # L AdipoR1 #357KF5 FBG FINS LD-
LC 2 M A (r 458 - 0.712, - 0.437 Fl -
0.763,3) P <0.01),5 HDLC F1 ISI % IEAH Y (r 43
12 0. 781 F10.725,3 P<0.01)
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Figure 1. Protein expression of AdipoR1 in skeletal muscle by immunohistochemical staining
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2.4 BRINRERSERE

HE J4 0 5 /s & 2H K B i LEF 4 E 51 % 5%
MU EFA5], AN AS IR, 20 B ] B TG 3 98
s (E2) , BETHEE T ] LA 4 K R LA

L ET HEHES RN 5%, L2 5% /N 2 8
R 0 AT , 200 A P 285 TE 5 GBI R A B
LEMTIE ISR AU RIS AR Ak
S(K3),

2. KERBEAL HE & ( x200)

Figure 2. Skeletal muscle HE staining in three groups rats
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Figure 3. Skeletal muscle ultrastructure by electron microscope

RO & S

BEEEZEJE—Fh H BE DT 21 W A H 7, B
A7 4 2 A T 5 AR B Bk ok R S Ak i A= 3k
BT IR PR 2 R PR HR I3 R B K
AH S RAALG AR TR EDG 2% i i S 2 R PR 20t 7 T 000 5
BRI AT BN K I 4 95 A8 19 & A b FE g B 2R AT R
JilE 5 R AKBT 2 BURE IR 1R T SR A8 0 T B
Hotta 25757 JB8 5 2R HE BT 388 15 005 1) %) L 40 1) 1F
FERIN, TEM) 2 BUBE PRI & Rt A rh | G iR
R Z MR , H 5 98 5 2 HRPUR 2 BUBE IR s
MR B TATHRR . Weyer 5% WF5T & B, IEELE
53 WIS Uk B 2 AR OG5 B R U A2
TEAH SR, A H 5 PR R R 1 56 R TR % 1, 3R 2
ARUBE PR A BRI 2K R R R 2 TR &R
HCHUR R 5 3 AT . AR 45 R R, 2 RUBE IR
3 K LI Y5 IS I 2 7K A1 I % BE 2 A i R AIR, F:
5 FBG,FINS \LDLC 2 fA5¢, 5 HDLC IS & 1EAH
XK, 5 LIRWIREE R —5, $EORTE 2 BB IR W K

A HIEHXTIRZL ( x20000) ,B RHEERFEAL( x20000) ,C AnkAs FIEHLL( x 6000)

I RE R BRER B K KA A AR, HOKSE A R RS
ORI ZEEL e 5 2 HURE TR

B R B RE R R 2 ARAEAE PRl S A 44 433
Fx M AdipoR1 FiI AdipoR2, H:H AdipoR1 3= %43 4
FHHENL, AdipoR2 FE 437 THFAE, Wang 457730
h AdipoR1 FEPE T RS2 2 OB R I ) KRBT
BEVE LA, 3F 4%t AdipoR1 5& PR B HE R 3 1 ) 91 %
SRR T KA 2 RUBE RS AR ZE S AE AT R Y
Bk, Civitarese 2510 BF 58 $j8, AB 8L Adi-
poR1 Fl AdipoR2 B 3A 7KV 55 [ & R UM & OF
MK, Inukai %" AKX AdipoR1 13
RAMHIER, AR EE R EoR 2 B R R KR
HHEAL AdipoR1 1Y 23K 7K - Lo IF % B 20 1] b b
i, 755 FBG,FINS . LDLC & fi4i¢, 5 HDLC . ISI
SIEFSE, LA AdipoR1 FRIBAKET FES JRE EHE
PUEVIMIOC, X 5 LR 5T 25 RAHAF, {15 Debard
SRR A 2 TR PR R BOK BRUE R L
HIRER 2R SZ VR 1 2R WA BUB Z5 e AR, LR R AT
-5 SRR 57 5 R TR, skt e b v R il
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BHIOT 24 AR ROBEIR 1R85 22 53 LI 2 40 S BURE 130
IWNEEZCEN

HEHEE S AdipoR Z[RIAYFE B i A28 |, A
WFFE 25 5 o 2 RO RIG T, BRI Z/KF R, [t
AdipoR1 F ikl 4B HLJE PR AT fig 2 . O IE R K
TRAEHITF AdipoR , fifi H & DR AR AZ P34 I, {H - J6
S AP S R A WS R | R N AT
AdipoR BPIHIVE T T HACELE M, 230 AdipoR
TR TR @) 2 TR PR Bt A7 78 i 3 38 6 1A
B PR Z2 A5k S IE R4 S S HUIRIR R R,
JHEM 2 FOBE PRGN AdipoR 7T BE-UL 77 70 i R 2% 725 fifi
HEEX T, @54 AdipoR ARIT5 G H B
(2R, JE— A Z R F %, W BE L S R R 2 7]
AT B S [ oAt 3 3R 15 2 Ak =2 T A9 /B FH AL
i, RO X 2R A9 T BT B 3 2 20 AdipoR Rk F
W, AHELAAAYE FIALE i frlE— 2 9%

NHE A& B B Jg T TZD , S — 2087 7Y 119 g & 25 1 gk
I, fie FH 00 A iR 2 0 R ) 3R ) R R R
ZHCH L BEBESE & B, TZD T 3E 17 PPARy LA
F) - ] AR SIS R R R mRNA AR T8R4
Wb, B R 1 8 2R AR RORE PR R I N BB 3K
JENO HREX R SZ R B Kk 1% PPARy Fil PPARa )
S, & PPAR YEFAB 0T ARAF T 45 1
7, A% 51 B 20 K BRI B 2 7K ~F- Fll AdipoR1 B3R ik
A5 2 TRURH PR A R L W S s, b | I A
RSP S8 A, i 0y 28 e W S A, U D A% 51
T AT 5 100 0 5 B IE 257K - R L AdipoR1 HYFRIA

Zg FRTR IR E I Adipo R1 ik TSRS
FAEHT K T2DM VM 5E , B 46 51 R i $1 15 1l 375 i
BRZE A B 881 Adipo R1 YA, B i 1 5 ¥ 2]
SIS 2 B BURE GBS F kP, I, A
N R 20 R IR YT I8 5 R KT RINE s
FEALH BRI AR | £ XT AR I R SR IK K 32 IR FE
e (0 L BRR 7 e 1A i 5 R HR RN P s B 3
BT
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