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[# ZE] BHM EHNAERKZR(IUGR) MM S ZAWUE PIA ¢ (HH R AENLRIARTE 2 , 2 0h o8 o /)
TUGR - BRI HE Hrobl 53 Az O St il B AT AR el S 26 1 7 S IR 1Y %35 , 3R 1T TUGR. A4 & A= 9 5 ZE 4K 9 43 T Ll o
FiE GBS RRE NS IR R 7k KB TUGR 27, SR 33 i -3 45 Wi 5% S 1 ( RT-PCR ) I Western
blot A TUGR T B4 A A1 B A7 i IE o PGC-1oe mRNA VR [ 38 35745 4k, [R) s S 000 9% 1 Js 12 P9 )1 Y V8L Ity
(PEPCK) FlAHi 0 6-WE IR ( G6-P [iff) 1) mRNA k248 1k, R  OIUGR HF B AEKRTE 4.97 £0.83 g Hf
BALTIE R XARL] 6.54 £0.52 ¢ (P <0.01) ,4 JEW IUGR 413 {4 51 32 3| % BR 4H - 39K, 8 i TUGR 4 fA &
152,03 +£13.57 g #ad IR X HRALMY 136.05 £12.24 ¢ (P <0.05) ; @QIUGR F B4 (3 J&) 25 I Ifp F i i 2
TS BRSO 22 5, AR (8 JH) J5 TUGR B HE B /i R B 3R IS (P < 0. 01 ), iR 5 R AL HU 6 £ (IRT) 3
(P <0.05) ;@5 %} BRI A EL , IUGR 2 3 JEI 71 8 JlsF EUFFIE PGC-1o mRNA FNZE [R5 1 B 3 = (P <0.05) 5[]
Ff JFIE PEPCK i1 G6-P i) mRNA /K P-4 BH S = X HRAL (P <0.01) , 4518 TUGR [R A 44F 2 B4R AT INE ol 5
A SR B F PGC-1oc 1) mRNA FIEE [ 23R 18 N, i75 05 A SRR B9 3R35 , T AR WS 528 R e &)
i W24 [HE L/ JLRIZE,2008,10(2) :216 —220]
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Increased expression of gluconeogenic enzymes in the liver of IUGR rats and subse-
quent insulin resistance

LIU Xiao-Met, LU Yan, PAN Li-Li, LI Shu-Qin. Ceniral Laboratory, Shengjing Hospital, China Medical University, Shen-
yang 110004, China (Li S-Q, Email ; lisq@ cmu2h. com)

Abstract: Objective Intrauterine growth retardation (IUGR) is associated with insulin resistance in later life but
the mechanism remains unclear. To explore the molecular mechanism of insulin resistance, we determined the expression of
gluconeogenic enzymes as well as the expression of transcription factor which promotes gluconeogenesis in the liver of [UGR
rats. Methods Rat model of IUGR was established by maternal protein-malnutrition. Hepatic mRNA levels of the key
enzymes for gluconeogenesis, PEPCK and G6Pase, and of peroxisome proliferator-activated receptor-ycoactivator (PGC) -
la were measured by RT - PCR in male IUGR pup rats at 3 and 8 weeks of their lives. Hepatic PGC-1a protein levels were
determined by Western blot. Results The average birth weights of the TUGR group (4.97 +0. 83 g) were significantly
lower than normal controls (6.54 £0.52 g) (P <0.01). Until to 4 weeks of age, the weights of the ITUGR rats increased
to the control level and were higher than normal controls at 8 weeks of age (P <0.05). There were no significant
differences in blood glucose and insulin concentrations between the IUGR rats and normal controls at 3 weeks of age. By 8
weeks of age, the TUGR rats showed high insulin concentrations (P <0.01) and high insulin resistance index (P <0.05)
compared with the controls. Hepatic PGC-1ao mRNA and protein levels as well as hepatic mRNA levels of PEPCK and
G6Pase in IUGR rats significantly increased at 3 and 8 weeks compared with controls. Conclusions An increased PGC-1a
expression may contribute to increased mRNA levels of PEPCK and G6Pase, and thus induce the development of insulin
resistance in later life in IUGR rats. [ Chin J Contemp Pediatr, 2008, 10 (2) ;216 —220 |
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GILE NA K2R (intrauterine growth retarda-
tion, TUGR) , J&—Ff i WA AR IR I A0 , A2 Bl 2B I 9%
FERISET AT 227 A . Hales 251 03 T8 N
IS BT LA BUSCAE B R U8, TUGR L B4R
JG 2 B PR 9% ( diabetes mellitus, DM ) 1 & fil & . &=
PR MAE JE RS 25 G AR Y A B 1 vy, A T
B Z Bk = A1 E S ZHEPT (insulin resistance , IR ) #BAE
#ET DM (%t B TUGR AN o g i E L
SRR . TUGR AMA % A 198 5 AR B9 B H
T AN WY 0 W S 2B 1S OI0 S SB0nd T A 20
W 2202 2 UM R LA JBE I 2R HE T Y T A AR
AT r A S 0 e e TR s
T T % 7R 14 1 ( phosphoenolpyruvate carboxykinase,
PEPCK) | %5 %5 -6 -1 iR i ( glucose-6-phosphatase
G6-P [t ) A1 50 1, 6-— % BR B ( fructose-1, 6-bi-
sphosphatase , FBP il ) , 1 48k ¥y il 4% 38 58 X 1%
b2 Ry 17 5 3 05 R F ( peroxisome proliferator-
activated receptor-ycoactivator, PGC-1 ) 5% 1fil] iX &k
B LR Fe ik L AHFT A 2 R RS TR
RE ST KB TUGR #52RL, ifF5E TUGR B+ BU7ES)
AR (3 ) AR (8 J& ) BT JIE w5 AR 5C 5 il 11
PGC-la IR, FR1T TUGR AMA & A= e i3 R ARHT i)
Wi N

1 HREH®

1.1 B R HIE

%% Desai J5 14 #57 TUGR 7, Wistar K
Ry R AR OR 2 S 3 sl g e S AR A S
i 4: 1 HBIG g8 Ja LABTIE IR 7 A BURGE 1 1 7 4
i, 2 B 4% 52 22 WUFE B AIL 0 O W 4, OE 8 %) IR 20
(CON) 2 () i AR R (AR 1583 kJ/100 g, 25
F it 23% ) ,JUGR 42 A 32455 1 H i LMIRE H
k(#1558 kJ/100 g, HH 5T 8% ) , FIrfr 47 )
BRI, B 12 h YT A SRR 0 O 0 3
0.01 g, FEEr ML 10 HE & FEa 0 M U, 6 4555
FEHITE 8 ~ 10 H o 08 )5 B VAR 1] LA AR v 1Rl 6
3 JEWTEL, 7 B DAARERDRL, R v 1 B
98,70 00F 3 e A 8 JA A I 12 h 5 B i dE i
15, [F) 73 B STV R R AT
1.2 X5

Pt KBl PGC-1a 1eG W H SantaCruz 2w , B
PERERR B AR IC B LI FHT 9 1gG W B Sigma 23], Tr-
izol iIXF i Invitrogen 2\ w42 354 1) RNA PCR
Kit( AMV) #1 PCR §- 3414355 % § TaKaRa 2\ #] o

1.3 £

L5 LA P 000 5 SR 0 2 R A P I 32 I 5
1y ZKFRL R F ELISA J5 3% (Mercodia AB 23w,
Fit:) o
1.4 RT-PCR

i Trizol 45l $72 T 2H 2R A4 B RNA., 0 7 5 S
W IE ARG B 20 13 RNA W8 i ik H e A 1
BERCHL PR AL RNA SRR, B2 g RNA &
cDNA >R H] GAPDH Sy A2 I, PCR 519 )3 51 AR
JHREEILFE 1, PCR M4 1. 5% Bl iBE LIk
K H GIS-2020 BERBUR Kot B Gt 478 70 #r
FHAE ) mRNA R 7KF DU 5 N2 mRNA |
RS R R 3

F1 BHRERFEHY PCRI|HFEF
) Y B GERE
B 52
" (bp) (C)
PGC-1ae  5'-GACTATTGAGCGAACCTTA-3' 579 58
5'-TGACTGGGATGACCGAAG-3’
PEPCK 5'-CCGAAGGCAAGAAGAAAT-3’ 857 53
5'-CGTAGCCAATGGGAGTGA-3’
G6Pase  5'-TCCTGGACACTGACTATTACA-3' 157 57
5'-CCACGAAAGATAGCGAGA-3’
GAPDH 5'-TCAACGGCACAGTCAAGG-3’ 308 55
5'-GGCTAAGCAGTTGGTGGT-3"'

1.5 Western blot ¥l PGC-la EH KIA

JHEH 2SR 1 4 BRI 4 2R 248 W (20 mmol/
LTris-HCI pH 7.5,1% TritonX-100,2 mmol/L. EDTA,
140 mmol/L. NaCl, 1 mmol/L. EGTA, 2 mmol/L
PMSF) , H Bradford : 47 B AR I E & . B 100 pg
S 128 SDS-PAGE MUk B8 1, B AL R &2
THPRETHENE | (4°C,100 V,1 h) . FREDREA 5%
MG S FE A 1 h, 50810 PCC-la Z sikEdtik
(1:100)4°C 2 5233 B Yl 55 B 1 0 1 Il s 12
ATILAEAOR 1gG (1: 1 000) %l F 4452 1 h, Il AR
0] SN R e A HE B, 19 T GIS-2020 B K
BRI R G T IR 1 mg S HH PGC-1a
FEARAIAIRH
1.6 SitFhhE

IR 45 T B = AR (v 2 5) RoR, R
SPSS 11. 0 BRI AT 04, B BULBER ¢ 4
5, A4 ] Pearson HZAHSC /34, P <0. 05
ZRBA G EE
2 H#R
2.1 ZBEARZNFREKEZEZN

TUGR 41 FI%} IEZH -2 22 1 44 0 21,5 d (21 ~
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22 d) PR At o 22 5. TUGR 4 TUGR & 4=
N 52.4% W FIEH X HRAL 4. 23% (%
42.069, P<0.01), IUGR 417 B0 P34 A Ik &
5% BRALAR W] R REAIR (P <0.01) . 4 JA I TUGR
Y- R SR B IR AL B 24K F 8 JE i TUGR
HIAFEE LM IEH XA (P <0.05), FHAFY
REEE LR 2, PIALLER (3 JAlS) (19723 I s Al
Ji 5 F R B LA R A s S o 4 iR 5 & (immumoreactive

W THR (P <0.01) 5 IRT 22 S MR (P <
0.05) o 2 J& ML B I AL 37 R & 2% LA e TRT A %8k WL
3.

x2 MATFRMARAREMKRHGEE(g)

V! A 3 A 4 8 J&
XTHBZH 6.49 £0.58 31.31 £5.73 48.5+6.59 136.05 £12.24
IUGR 4 4.64 £0.56 27.55 +4.58 45.23 +6.55 152.03 +13.57

(x£5)

] .3 . 1. 2.834
insulin, IRD) JGMY 2251, 8 JAR I, 15 HEAL LA, ;’ io.go91 io5.7081 >(j7075 <08.305
TUGR 20 %5 Ji it 4 JC W] . 22 5, {H 25 M I & 28 oAk 2

*x3 TR=EmMEFLERRENEE (x%5)
3 JH 8 JA
!
1fi 4 ( mmol /L) i % (mU/L) IRI 1K ( mmol /L) 5% (mU/L) IRI

papika 4.93 £0.87 32.36 £5.5 1.93 +0.14 5.08 £0.66 39.39 £3.79 2.17 £0.12
TUGR 41 4.72 +0.69 34.63 £3.01 1.97 +0. 16 5.39 +0.67 75.45 +£13.61 2.88 +0.18

t 0.454 0.887 0.459 0.772 4.908 3.332

P >0.05 >0.05 >0.05 >0.05 <0.01 <0.05

2.2 TUGR FHRAFAE PGC-1a 1) mRNA F1ZE {7k
T

IUGR B3 J& (1 =4.764,P <0.01) #1 8 J& (¢ =
2.809,P <0.05) [T PGC-1a 1) mRNA AHX%f Fik
U T OE R X L AR, IUGR A4 R (¢ =
3.233,P<0.05) FIAAF R (¢ =2.834,P <0.05) fif
JIE PGC-law 1Y 28 1 7K P 5 1F 6T B L A o Y f 39
o, 2 B -2 X B ZH 1Y 162% 1 230% , Western blot
ZEHL LR 1, RT-PCR 45 5L L& 2.,

CON-3 IUGR-3 CON-8 IUGR-8
- oo
1500
1200
3 900 - S con
é‘ e O IUGR
300 |

1 BfRE PGC-1a Y Western blot EHE =
3,IUGR-3,CON-8 ,IUGR-8 43 jill {8 # 1E % 41 3 i Fl; TUGR 4 3 J&
FLIEH 4 8 R FIH) ; IUGR 44 8 J& i, IUGR 4 & & ¥
.

CON-

2  BFRE PGC-1 iy RT-PCR =Y E=
mRNA LK 55 3 FE 34

IUGR 4

2.3 IUGR F 5 AT PEPCK #1 G6-P B mRNA
KERETL

K RT-PCR$¢ A K ) 9 o g 4 5% 7K SF- 7y A2
fbo 3 JERF BUFAE PEPCK () mRNA ) 35 K ¥
AR HL G, Ho i TUGR 21 19 A X 2 38 s i 3 1 18 7
STHE (1 =1.973,P <0.05), 8 J&#SH, T BFIE
PEPCK ) mRNA ik /K- & 7+ 25, Hiop IUGR 41
AR F R 1 B 35 i IR X IR (¢ =2.931,P <
0.01)., 4l (1=2.754,P <0.01) i 2 4F B
(t=3.873,P <0.01),IUGR 41 Jif ) G6-P Jifi 11
mRNA 3k 7K F-#f B i v F 1% 6 B i H PEP-
CK(r=0.907,P <0.01) fil G6-P fifi (r =0.726,P <
0.01) ) mRNA 7KF-5 PGC-1 ) mRNA 2 & B7n 5
JEIEAHOG, RT-PCR Z55L LA 3,4,
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CON-3 IUGR-3 CON-8 ITUGR-8

PEPCK

0bp |
603 bp
310 bp —

BCOoN
OIUGR

3 8 JH

E 3 BfBE PEPCK ) RT-PCR =¥ & 8
mRNA HL K 2545 % B3

IUGR 4

CON-3 ITUGR-3 CON-8 IUGR-8

1.4
1.2

1
0.8
0.6
0.4
0.2

0

300 bp
194 bp

NCON
olUGR

8 J&

3

B4 FBTAE GOP EgfY) RT-PCR ¥ EE
mRNA LK A5 4 B3

IUGR 4

3 i

Barker 5 H B i JLE U5 1 BB B 18 A
AR A AT LA R | 5 0L 2 TR R ) KU
Y S 18 25, LML AR 22 WA 2 U A 445 R S i —
a7 o (ES R S IE 2 75 ELA T e S o T —
B, A RIS B T RE TG, TR A e
YT BEAT U 45 50 R 2R IR AR 5 38
TUGR I % A 2] 1 25  TUGR 4 39 4 BLIN F- 2 1
T AR T B fE A S5 A K e T 1 o B
15 4 JEIN R T © 2k B E % KF, 8 i C 48 it
X HE 2, 3 A K R T A BIF 5T 45 AR
Ong ™ e[ 0 ~ 5 % JL % FT B BF 5 & B,
30.7% (AR AR PR T JLLE O ~2 % 0 i iy B A (K
T, ey A RGBT L EEAE S S I 2 2R BUIEBE,
AP S 0 A A o ) O PR R T 5 | e f 6 2%
RO 0 0 22 ML , 2 2 FRUA PR o 2% 05 14 7 B A
BN EZ—", AT TUGR I 38 i e

PUE FRAS R IERETE, B JL 25 a2 Xof 4 26 1 1Y) R 1K
1, 3 LA i AL, IR S Ak R A R B
T DR UE A AT, BN R LSR5 R R, 11 fif
B R MEF 2 — SR 0 e AR B R I TE X fig
FERRENE , DTG T ok 2 28 A/ PR 8 3 B o T,
REZEMSENAE . PP IUGR KRR IR
TR ENR 5 (3 22 TR th T3 B IR R R g
105 % B W REE 1 B PAL S BUS AR IR 17 4L 41 5+
e RSN

AWFFE BN TUGR 417 U LI (3 Jili) =16
A 2 1 12 22 /K S IR 5 06 B 4 e A B g 2%
S EBUAE G (8 J8]) H 30 Ji 5 R IR , 25 L Joe 5 22
TN FRZ (Y 191% ,IRT 25 F X BE 41, Hofh 3
PRI o A 2R R 25 0, T8 sh Bkt e e A
(1 TUGR KB, H 4l U 30k ot S, i AE J5
A B S PR RETR: , 223k s I It W T v R R
FIMAE'"" . Chen 25 BFSE K BRZ 145 T 1 1
(% TUGR FRUIfiL 2 A w30 = B 2K T 8, i i
FEHONIHR 5 2 USRI, ZWRFFE &R UE S TUGR
NN ERAIEER LR N e 4 AT L

T P 30 3 ) Ry o 2 0 I A 2 e
VERT o A5 2B 1 0 5 300 J A Hh 3 22 02 2 RUBR IR
TP S R AP BB AR5 . PR A 1
SR P R AOE T PGC-la, BT 2 T fE
EA RS A SRR, ARSI S A R AR IR B
AL WA A M2 %, RS R &AM
fitf B KA1 5 5 i 42 W0 il PGC-1a Ji 2l F 13
i mRNA F5 T SRS T I+ PGC-
Lo F3K AN B &8, (H 255 i BURI B 5 28 1) B B A 1)
PGC-la Fik3G M., FE A5 R = (W BIRY 5 4
JRARE TR 25175 (A W B BT e 5 28 A2 A B R i B
/NER A I PGC-1ae mRNA 7K SF-#B B fa 38 55, [+
IR A PR S A

ARWFFELAG A (3 ) A4 (8 J&) IUGR Bk
WX 4, % F RT-PCR 1 Western 2258 75 1 #:30 A
[ % B W BFIE R PGC-1a ) mRNA FIEE [ 6 1645
b, R8N, HNE A Z %K IUGR LA %)
AEHRFEH PGC-1a 1) mRNA FIZE [ 38 1k B g
X, A S, TUGR [RUH I PGC-1a R 3
TR N G, 2 IR R 2.3 fif o

PGC-1a J& P A A B0 & SR P e
Z-cAMP Bl BT . PGC-1or XM S AE 9 I8
FFR AL SRR, P55 T A0 R 5 2E G A
41,1045 PEPCK , G6-P [iff 1 FBP if§, M ifij 5| 2 T
g ABRSEAS R B R 18 3 FB I, IUGR

- 219 -



55 10 55 2 1)
2008 4E 4 1

P E % KILA L E
Chin J Contemp Pediatr

Vol. 10 No.2
Apr. 2008

FRUTF U o S A 56 il PEPCK 9 IR E &M T
TEH X BR, B4R IS PEPCK B mRNA &35 48 5 5
WD, 2E X B Y 2.6 15, MR B s — 2 IR
P G6-P [ mRNA 2 & 0 B 44 5] 2 & 3%
HREH , 28 BCAF I 1 i S0 2 2%, SR 36 IR 1Y 3. 2
(1 F. PEPCK 1 G6-P [ili () mRNA 3 ik 64 5
PGC-1 ) mRNA JKF-Jh 5 @7 i B2 IEAH G . T4
Jirf i) PEPCK F1 GO-P [iff ik i &y, 76 =Wk R 17
(guanosine triphosphate , GTP) i Z: 1l F v LA 4L 5
Z MY FIE SR A I R AR B N I R , 22 H b w2k
WA IR AR, S5 Jim AR I ) 76 5 -6-W IR TE. G6-P i1y
PR 7K A , A A2 W, AT ST JEE 1 5 2 A
W2 A gk T

25 B RTIR AN BB A PR T 2R BT AR
R & A=k A28 4, TUGR S 30+ BUH i H PGC-
Lo H I F AN, PGC-1o 175 3 5 4E S iy PEP-
CK 1 G6-P [y ik , 5 i JH- b t | DDAk 8 52
WL R, X P AL B A0 AR SRR AP T
HET LA 5 R0, SBOSSERER S &R

(& % X ]
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