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(HFITRFEFHEWES—ERILA, 3 i 310003)

[(WE] B# HEEWNAERKRSZE (IUGR) FEIRRKEM K EAER . RS I S SEH M 7EH .
FiE R R SRRk @y TUGR KRR, Wil )5, K 32 HIE# TR 24 H TUGR F ML/
FIbRE R AR IR ICE A, 10 JAfEE, IS I mbs . s, VSRR A, e A DG 2L A
oKV, B8R IUGR REUSIEH RRLE:, 10 Bk, fERE THEREZSGSEIIAE L, Mgk
B FPEREZER LG8 X AUEE KB, PIFMRE N TUCGR KRS IR ARG I 23 1 M |
e LT BT = RS Th s . TGS e IE R R B TUGR KRB, gt ey A 1 i i H-im = Fsvk & . TUGR
SRR R Y I E T IFNER B TR . SRR Ty 22 s, 10 Jfse), SIiEw KR, TUGR KEIFNEIE
{RIHHHSE R PGC-1a, CPT-1, SREBF-2, HMGR. LDLR Fl SREBF-1 [k 22 FA G20 X ShaEik it
B, ElRREIN T IE A KRB TUGR KL PPARa, SREBF-1. SREBF-2. ABCG5 #l CYP7A1 193%i5; IUGR il
FNRIREXT LDLR ZKPAFAsC BAEH . 4518 TUGR KEUEIH S A FIFAENR i HERL, IhgS IUGR KM &
ISR AN ST T RR IR AL AR DGR R Z5 LA OC, R IR B v s R BRI IFRERR DT HERR , T BE5 %% K
S LT R R R A B AR D32 PR R 388 iR H-Iih =55 43 Wk AR 2
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Effects of intrauterine growth restriction and high-fat diet on serum lipid and
transcriptional levels of related hepatic genes in rats

CHEN Lian-Hui, LIANG Li, ZHU Wei-Fen, WANG Ying-Min, ZHU Jian-Fang. Department of Pediatrics, First Affiliated
Hospital of College of Medicine, Zhejiang University, Hangzhou 310003, China (Liang L, Email: zdliangli@163.com)

Abstract: Objective  To study the effects of intrauterine growth restriction (IUGR) and high-fat diet on the
growth, lipid metabolism, and related hepatic genes in rat offspring. Methods The rat model of IUGR was established
by food restriction during the entire pregnancy. After weaning, 32 normal rats and 24 offspring rats with [UGR were
randomly allocated to standard diet group or high-fat diet group. At the age of 10 weeks, fasting plasma glucose and
blood lipid were examined. Additionally, pathological sections for hepatic tissues were observed, and the transcriptional
levels of related hepatic genes were measured. Results At the age of 10 weeks, there was a significant difference in
body weight between IUGR rats and normal rats on standard diets, but no significant difference in body weight was
observed between the two groups on high-fat diets. Compared with the normal rats, [IUGR rats showed increased energy
intake and increased levels of fasting plasma glucose, total cholesterol, and triglyceride on both standard and high-
fat diets. High-fat diets reduced the concentration of serum triglyceride in both normal rats and IUGR rats. [IUGR and
high-fat diets aggravated the fat accumulation in the liver. Two-factor analysis of variance showed that at the age of 10
weeks, the expression of genes related to lipid metabolism in the liver, PGC-10, CPT-1, SREBF-2, HMGR, LDLR and
SREBF-1, differed significantly between IUGR and normal rats. Compared with standard diets, high-fat diets increased
the expression of PPARa, SREBF-1, SREBF-2, ABCGS5, and CYP7A1 in both normal rats and [UGR rats. [IUGR and

[ ik HIW | 2015-07-07; [ 4252 HY | 2015-08-12

[BEEmE | EEARBAIES (81170733) 5 FEZFRHE SR (2012BA102B03 ) .
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high-fat diets had an interactive effect on LDLR expression. Conclusions

Hyperlipidemia and fat accumulation in

the liver observed in IUGR rats may be related to increased appetite and regulation disorder in genes related to fatty

acid oxidation at the transcriptional level. High-fat diets may aggravate fat accumulation in the liver in rats, which may

be related to increased expression of genes related to regulation of fatty acid synthesis at the transcriptional level and

reduction in secretion of triglyceride.

[Chin J Contemp Pediatr, 2015, 17(10): 1124-1130]
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A 25 & A e B L R R e RN
1.49%~2.4%, TENCHEILE ik 16.8%~28.8%'",
HRWmPLHEIARE A%, BE5ERM], R A i L
a5 N R K IR 2% (intrauterine growth retardation,
TUGR ) JUAE S5 A JR nfiims W . = LG L s I 1)
DA B R, DAL, TUGR B AR 2R A F
KIRIfER N EZ — P, SRR IRESih
FATE IR A T RORIECE , IUGR FREZE Y
Zis TR E RS, PR, fESIRIRE
FMFT, UGR JE U2 5 BLRE & R pi s g
I AE SE AR ZEEL P, SR, TUGR A e B AR £ X
JHF R B A 35 R G ek PRI S /K P 1 T3z 9 2 1
TP 5ERIE . AT R F 22 ) 4 e BR i /9 07 vk
N7 TUGR MRS, FRTEWT IS M IRk S, BF
5% TUGR Fm JRIRER TR | ilifig ST 2
LIRS VE T, RIS E PSR AR DT T (non-
alcoholic fatty liver diseases, NAFLD ) &Jnidfeh £
A BHHE DR e iK1 (8 RIRITIR & R AL
IR RS B H AR A A ) B, AT AL
T

1 RS

1.1 hEBIREST

R 2R T IUGR R RUBARL, X
JERH WIFZINTT Y TUGR RS 1 R 36 22 i
A FIEP: Sprague-Dawley( SD ) ER( 250~300 g,
WALt dEm AR SR S ARA IR AR ), &
TWHLR AR 0Dz (SPF 2 ) TR, =
WIREE R AR TR E (FE TR 23 £2°C; R
50% + 10%; e BfE: 12h:12h) o 248 1 A/
TV PEMESR, DUMERE 1:2 0y Lol AT A e, AR R
55 0 KE O HIETR A IR T4k HERUME
P05, BN M IE R AR EA (SRR NIER
M 30%) o AR, A B EIARBRHIRE,
HoBE Bl A CRREERSR . ki 7L & A

[ 3 U 22 5, A2 BB B 58 BB IRy 8 L

% R F BB R X AR R s e, ASHiE
ST FOR MM B TS 225050 . T4 21 Kl
W)E, FIEHC2 UM R, BEALA L I FRMETK
Tl (10% B5Wi) sk (45% I8R5 ) -
I, scsextgdbs 4 41 IE%W T A TRtk
& (n=16) . EH FREAETHEIBKE (n=16) |
IUGR T R4 THRERE (n=12) A IUGR T K%
TRIBKE (n=12) . FRIAR LR (1
FILHFEM R ELGARAT ) , FEAE T W
1o BLAR, SR R R o v A I 4 e v 4%
KRR MRR Ay (£ 2) o TEAERSE 70 K, 4t
12 h 256, PG & 5UR & bk b (A /s, 18
Jis RS 10% 7K SR IR, R A2 10 Y8 R JHF A
PN

F1 LRIMALEARET

4y Pt et =iy [
& (g) 200 200
L- BEEIR () 3 3
FKTER (2) 315 728
7 RIS () 35 100
HERE (2) 350 172.8
YR (g) 50 50
K2 (g) 25 25
I (2) 20 177.5
HAET YR $10026(g) 10 10
R 45 (o) 13 13
TRIRES (2) 5.5 55
—IKEFTETREN (2) 16.5 16.5
HAYEA: 2 V10001 (g) 10 10
A R B (2) 2 2
BHEE (o 0.05 0.05
e (kl/g) 3.85 473
KA (%) 70 35
HEH (%) 20 20
& (%) 10 45
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x2 ZWHMANARNZIRENRESE

RE iR FRufEiREl AR TR

AHE (€12:0) (2/100g) 0 0.03
A 25 R (C14:0) (2/100g) 0.06 0.32
FEER (C16:0) (2/100g) 0.95 6.44
KRR (C16:1n7) (2/100g) 0.05 0.40
RHAGTR (C18:0) (¢/100g) 0.54 2.68
IR (C18:1n9c¢) (2/100g) 1.46 9.61
TR (C18:2n6¢) (2/100g) 1.38 3.95
o- WFFERR (C18:3n3) (z/100g) 0.12 0.25
B R (C20:0) (2/100g) 0 0.05
T -11- —A-B—IRMR (C20:1) (2/100g) 0 0.15
IIi . I - - TR TR (C20:

JU\(lgjlfbo;’M Tk IR (C20:2) 0 0.10
REWTIR & & (%) 100 100
TR IR (%) 34.0 39.7
HURI IR TR (%) 33.1 424
ZAMEFNRIR (%) 32.9 17.9
1.2 MEFENHRE

AR RN S AR S R T R A — R R
fi, WilhJE, T4 HB RS HENEE, T
WHREFFAER, SRS EmER, 9%
AR E —, 2 Sk (R iRk -
AR ) x 100/ fRKF, BI A H A 100 g (RE Y

1.3 IAsEF0FFAEE R R IEE N

WREMMBEAEERTH#E IS, D
3000 rpm AU LB L 5 min, Y4E L. A B
& 5 ( total cholesterol, TC ) FIH i =& ( triglycerides,
TG ) iZWndi & (Pt e TRV ) Wl
TEFEA B IR Ko 8T B T EZHZUTE 10% fif /K
IhpRrp g e, AT, DI S um SRR
LT IRANG — T ( hematoxylin-eosin, HE ) Yefh )T,
R ST IEH L) .
1.4 LRRAEEE PCR

fif H TRIzol ( Life Technologies ) i £ fF JIE
HZH B RNA, Jf ) NanoDrop 2000 Rt
JETHINE B RNA AV BE M2l . %0 S48 )5,
WAL RNA FEAS 1 pg, 1] % 25 5 cDNA 0 5% 5%
i 7 & (Applied Biosystems ) #4780 5% 5% 15 31| i
B ¢cDNA, 7E% [X LightCyclerd80 11 521} 5 6 & H
PCR R4¢ Fa-AT Y W R, o 1 REY 5 85050
SR AR BN, ok JE DR A R A v i 2ok
HWEYHEER, IR S5 R TRE
SR BT F BRI, SR A S8 56 DT b S -3- B IR
i & B ( glyceraldehyde-3-phosphate dehydrogenase,
GAPDH W NS HE N A SR R IS W |
PR DL 3,

PR, BERBAENEYERAR x WRAERE.
&3 SIMFT. FURKEMRY BHE
219 i i PRI PHIROR

(bp) (%)
GAPDH 5'-GACAACTTTGGCATCGTGGA-3' 5'-ATGCAGGGATGATGTTCTGG-3' 133 0.992 90.5
LXRa 5'-GAGAGCATCACCTTCCTCAAG-3' 5'-TCATGGATCTGGAGAACTCAAAG-3' 109 0.998 99.4
PPARa 5'-ACAAGGAGGCAGAGGTCCGATT-3' 5'-CGCAGAATGGCTTCCTCAGGTT-3' 264 0.993 87.1
PGCla 5'-TGTGTCGCCTTCTTGCTCTTCC-3' 5'-GCGGTGTCTGTAGTGGCTTGAT-3' 229 0.989 101.9
SREBF-1 5'-CCTGTAGGTCACCGTTTCTT-3' 5'-GTTCACAGAATAGTCGGGTCAC-3' 127 0.994 97.7
SREBF-2 5'-CGATCAAGTCAGCAGCCAAGGA-3' 5'-TCCACCACCGACAGACGACAT-3' 306 0.990 91.6
ABCG5 5'-AAGCCAGACAGGACACCAGAGG-3' 5'-GTTGCTGACGCTGAAGGACACA-3' 200 0.993 98.0
LDLR 5'-ACTGTCGTGACTGGTCGGATGA-3' 5'-GGCGGTTGGTGAAGAGCAGAA-3' 318 0.991 90.9
CPT-1 5'-GTCTCATTGCCTGCCAGTTCCA-3' 5'-GGTCTCACTCCTCTTGCCAACA-3' 151 0.995 87.4
HMGR 5'-CCATGCTGCCAACATCGTCACT-3' 5'-CTGCCAATGCTGCCATCAAGGA-3' 323 0.989 90.5
CYP7A1 5'-CCAAGACGCACCTCGCTATTCT-3' 5'-AGCCTCAGAGCCTCCTTGATGA-3' 241 0.992 85.7
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1.5 FitFEHH

K HI SPSS 22.0 Gt B it AT B e b B, LA
P<0.05 WZEFAGIE L, BIEUIE + brifE
# (x+s) Fon, T TG HERSS N, £
AIAT R SE VAT X RO e 7P 4L IR) M L R
SEREAS ¢ K56 R (% ) A HEBSR FH RO KRR
5 2 1) T RN A B 11 H e R o A i R
2000, ISR R LSD k. IUGR IR eIk
FRASOR ATT 2R FH 4 PR A 8 ) UL PR 267 25 0

N

#HR

21 WA, £EREEXTMEY. EEBA
==}

WA, IEH T RIRE R 67207 ¢
(n=86) , IUGR T fl  43+0.6¢ (n=88) , M
HESAEGI ¥ E L (P<0.01) , HIUGR 1YF
PUAEART IER FROE S B, WA 2
3 AW, TUGR FRIFAR A KBNS (F
1) o WE 2 FroR, =0 GOR 5 22 50 A 45 2R
W, A5 3~10 7, @ARKE T IUGR KR
T RENERKIBE (AR SHREREIER T
FUILES: P=0.392, 5@ iRk & EH 1 R i
P=0.191) , TFRAERE 1) TUGR KA H BB &
A RIE . #REF] 10 L, AR IE KR
FEoR 0 2 AR R ( SRR IEH T R
Fe#s: P=0.620) .

—n— EHTR  (1=86)
—=—JUGR T (n=88)

R (g)

R ()

B1 MAFTRERO-3EMERKME ax5IEW
T RIS, P<0.01 (FEENMEGTRIT 22047 ) o

—— R SRR TR (7=16) 1

|| = fRERERIUGR TR
—— EfE R HIUGR T

n=12)

n=12) //

(

—— BEREMEFR TR (=16)
(
(

3

RE (g)

AW (D)
B2 4BFREEI~10FMEKME =ENE
PERTT 220 W4 SRR 4 4L A R 3~10 AR 25 S St X
(P<0.01) , P HCERE: FR R B I IE W TR, s IR
WEH T RS IR IR E W TUGR F R MR 22 S o4t 24 X,
AR E 1 TUGR F BUWREAL T AL 3 41 (P<0.01) o a/mt
Hof 3 41 1bg5, P<0.01,

oI & TR WLR R 7 2 0 R, TUGR
R Y AR (P<0.001) , i & ik )
FEARE YA R (P<0.001) o 2R, o FEEH
BB R SR R, AR AR HEA SR
AR, AR R, SEYHEAREL,
IUGR KA B & W ae 2 H# A (P<0.001) , SR
ANFERE A Z B RE B AN 22 R g 124 E X
(P=0.769) . MZ 4 JAFFGG, 4 41 KR A9 RE 4k
AR E TR (E3)

—— RERENIES TR (=16
—— HIRREMER TR (n=16)
KEMIUGR TR (n=12)

G HAEREEA (Keal/100 g)

AR (JE)
B3 4BAKREEI-OEANEHEEBANE =&
A2 I G UK 2 2243 W7 285 SR 7R TUGR K BUAT 3 3 A RE A
(P<0.001) , TiASIRKEH 2 [0 HRE A 22 R 8248 X
(P=0.769) . a /"4l 5ANT 1 BM L, P<0.05,
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22 Mg, mpg. FREESEHFEENT

4 Fn, IUGR KR SIE® KBRAAL, =
JI& Il B ( fasting plasma glucose, FPG ) . TC Fl TG
K ZFAGT R L, mIRRE SnERE
W S, FPG. TC 2R K41t # & X, Mg TG
KFEMERB G FE L. AR I 225007 o
IUGR FE Jg Ak & XF FPG . TC F1 TG Jo38 T AE

(P>0.05) . IUGR I W/ & it ( P=0.047 ) ,

SR, EREARENS (RS /RE ) |, Sfhz
ST

WE 4 R, WSERESAMT, X TIER
TF-5, TUGR KB M 2 B0 1) /N PR i AR
Vo FEEARIRE AT, PR R BUIR I HERL,
IR Z R E RN IR ASPE, H TUGR
KA N i AR Ry

R4 BFEESMMFENLIER  (xxs)
IEH AR TUGR K WHZE 200 (P 1H)
EELD v e Ak 1= A A Ak v A Ak Pty i =
Jokr <
(n=16) (n=16) (n=12) (n=12) g S LA
HFRE (2) 147416 148+13 135412 143+ 16 0.047 0.244 0363
JFHE (o) AT (o) 0.033£0.002  0.033£0.002  0.033£0.002  0.032 +0.002 0.734 0.406 0.526
FPG 592 +0.66 5.86+0.64 6.57 +0.49 6.43 +0.63 0.001 0571 0.817
TG 0.64 +0.10 0.57 +0.05 0.86+0.18 0.67+0.16 <0.001 <0.001 0.130
TC 233+032 2.22+020 2.61+036 256051 0.002 0.422 0.792

@ FPG: ZSIEIMM; TG: Hil—fg; TC: SJHERL,

4 ABKRENOFMNPOFBRARFRET F (HE

Yef, x400) A KRR & R IE R KB B NARIEIRERY
IUGR K CORIMBIXE M IER REG D b E IR &R IUGR K,
FREERE RN, X FIER TR, TUGR KA LB RLR (14
INELPERR D AS M s FE R AR IR AT, AR RS H B A
INIPERRITASE (BT8R ), TUGR KRR ™ .

2.3 FFREREHCIE X B E MR RKFE
W 5 Fi7n, TUGR KRS IE W R RULEL,

i S A Wy i A 5 5 AL sz ARy R0 T -1

( peroxisome proliferator-activated receptor gamma
coactivator 1-alpha, PGC-1a.) RER TR R A
fiff -1 ( carnitinepalmitoyltransferase 1, CPT-1) |
P8 15 Je A 45 5 T F- -2 (sterol regulatory element
binding factor 2, SREBF-2) | 3- ¥ % -3- I 3L —
P2 FRL TG 463 i A 38 )5 ( 3-hydroxy-3-methylglutaryl-
CoA reductase, HMGR ) #1 SREBF-1 i FE ik 22 %A
Gt e o MR E SR tbEr, oA
YRR 55 W) 15 AL 3Z 4K -a ( peroxisome proliferator-
activated receptor o, PPARa ) . SREBF-1.
SREBF-2. Jg ¥ = B2 45 1+ & ¥ 12 1 G5 (ATP-
binding cassette, sub-family G, member 5, ABCG5 ) I
JH & B 7o- F24EEE (cholesterol 7 alpha-hydroxylase,
CYPTAL) MRIAZFA G TUGR K
HIER R, REEIREHZA (low density
lipoprotein receptor, LDLR ) 7K 22 5% 45 45 1127 7
S, BeSh, TUGR R gt erxt LDLR A 2 AR

(P=0.039) .
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£R5 KXRIFEEZERERAKE  (RHFE2 2% “EiHE; xxs)
oN IUGR KR XN ZE )5 22500 (P {E)
fhbx FRUEGRE ) FRAETE R
Gl N i ) e
(n=16) (n=16) (n=12) (n=12) IUGR e LA
LXRa 1.00 £0.18 1.00 £0.17 0.90 +0.19 1.01£0.11 0.313 0.213 0.234
PPARG 1.00 £0.19 1.17 £0.21 1.01 £0.31 1.23+0.25 0.575 0.004 0.668
PGC-1a 1.00 +0.42 1.32+0.61 0.59 +0.39 0.60 +0.24 <0.001 0.174 0.214
SREBF-1 1.00 + 0.46 1.13+0.76 1.27 +0.85 2.02+0.77 0.004 0.028 0.113
SREBF-2 1.00 £ 0.23 1.12£0.25 0.79 +0.22 1.04+0.14 0.019 0.003 0.237
ABCG5 1.00 + 0.43 1.65 +0.40 0.91 +0.26 1.65 + 0.40 0.671 <0.001 0.635
LDLR 1.00 £0.26 0.87+0.17 0.68 +0.22 0.81 £0.25 0.003 0.978 0.039
CPT-1 1.00 £0.16 1.03+0.35 0.71+0.14 0.80 +0.19 <0.001 0.335 0.617
HMGR 1.00 £0.19 0.92 +0.32 0.62+0.16 0.69 +0.14 <0.001 0915 0.217
CYP7A1 1.00 £ 1.10 1.42+1.59 0.47 +0.41 141 +1.42 0.428 0.047 0.440
3 itig FIHMGR . LDLR 75 AT [ Bt A v k4% o 24

TEMFLIIE 25 Tl 555, IUGR K&K
MR A B, JF B s . SR A R
HEHTAEARIZEEL Y AP R B, RIfER B A
KABIEE, TUGR KRRt 8 IA b A A AR5 25 8L .
X5 ERT Lim 5 P (O RFST A5 AL, AT Ao
FEH, AR IR R BURTH B KB R TUGR K
B, AR TUGR KB IMT T 25 ) i BBk
. BARPRE DR SR Y TUGR KRR
AKGEEE, HARMFRENR, EEIBREAEHT,
IUGR KEHEL T 0 2 WA KGE A, X Fh i 35 1Y
PRGN I ARAE S I DR RS I 1 R B B
XULHIZEA A i, TUGR KU 25 5 32 B m g ik
BRI, R B AR B

AR TUGR VB A i % A B 55 A S i IR 2%
C T IZIATT, (HHALIA AR e 2T R 53R,
IUGR KT R &/ s, SEERA
Bom, dE—5RE ", X5 AW F TUGR
KEHERE BB AR I B S —50, A, R
P et 2 5 7 IUGR & akids M, sRm,
BRI ITFAIE TUGR 5T FE R QI 25 AL A —
JE R, ABFSE R, TUGR K EUIFIEH PGC-1a il
CPT-1 (K W3 F I8, CPT-1 28R B Efbid
T PR B, 1 PGC-1a 75 Hi B NAFLD & ¥ it
R B EZMEA, B, WiEN T ISR
WERIRR AR, SEUEERA NAFLD 9 &4 1, A
IR KB, SREBF-1 iIATE IUGR TR H 3
W, X5 Choi %" AUBFFE 45 . —%, SREBF-2

o TUGR FACHFIE, 3X 3 AN H BT I,
X AT BB A T AH [ R B 1 | A S s R
REARC R T 25 1, 08D AR 8L 20 4 AR
[ e 1

Rueda-Clausen 25 " {857 07 , IR E
SF, IEH AIUGR K R34 1 BT TG /K- F+
o BRI, 5 —WFRIFR RIS, HIE
FIRIE T W IE R MR R, BT g TG
KB TFRE Y, AWtserh, FEEIRKET, IEFA
TUGR KR H BT IML3E TG /KF 1 TR, i 5 1
T TG ASEARSLAY, FEAFALZI A B0 T g 3R
HAE TUGR AR o ok W 3 . 13X ] i 5 P 4 2%
53 WA A 25 BE R 26 O D RE e S 5. LA,
SREBF-1 7 SRR E FFRB8m, Hik, AN TG
B G RN 23 WA D BB 1 FH T BB T I R I
e AR DL K2 S JE I TG 7K T B 7% B8 A

HEENRIKE AT, 1IE% M IUGR K BIH
i PPARa. ABCGS5 F1 CYP7A1 4 i, TENFIEZ
ZUN, PPARa FRIAEINBEMEZE /% NAFLD 1k fE,
1l ABCGS5 Fl CYPTAT 53 53l 45 IFL 31 2 53 05 i Ak ol
PR R A ik A PR B SR ] 1, X SRR TR R
SR K 14 3 15 B AR 1 R ML AR S AS AR £ PR 28 S B
W—EMHEPTER, X5 REAFE NAFLD Ji A H
KB ABCGS ik 3 T BT 45 AR, 1, A
Wik &, TUGR Flm AR IR &4 LDLR fE7E5C H.
YERT, X AJ BB 1 F TUGR R BB R s IR ik iy
AR 1 LAY

Zi b, AW AT IUGR K EIEARKE
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Whgrh R BRI R RO S, (AR BUIHRE A
S XSS R ATAE S TUGR KA & #
i P 53 K P IFFIIE AR A5 PR R P D BE B A1 K

FRIRE AT, LTE TG F BT E RS i HER,

X AT AELS 5% SR L TFRERR DR & 3 A TG
WA ARG . TEYIAER B, X1 T TUGR FIm R TRE
AN E M, AL o A O AT A B S i) 7 1 B
—ERARGTERT, (HIFAS R DL A CBERTL .
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