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INVERGRS )L ghrelin CE2SE R H 5 GH/
IGF-1 A Khhio6e &

RS, AREREE, EETY, O &, XPakk
(il kMBS —ERILBE, TR M 510080)

B OE. [B9) R ghrelin Z/NFAGIR LR BB M P AER , (5] RS FUEIRINUIRE , BL SCA ShREL,
TR R A RS 4 RRHME R R /85 K4 A ERIBIHT SCA 41, JoEKIB#E SCA 4170 1F % X 41 Hl&E T A #e L
(AGA) F4; YRERENEARERMEAIK, 4 FRENE 24 h R GH HMt3 , 431F 4 & .8 A 12 A EMmE
ghrelin JGF-1,IGFBP3 ¥ B, [455%) IE% SD Mtk K BZEAJG 4 FIA 12 A MM ghrelin K P55 (1.6 + 0.3) ng/mL 7l
(1.8 £ 0.5) ng/mL, THHFE X (P > 0.05), 4 AkHEYE SGA B ghrelin 7K P83 TIE® KR, {H 24 h JR GH HEHET
KR TR | EL W5 18 oMM s /B ghrelin 7K 7 511 IGF-1 . ifil IGFBP3 /K- 24 & LA HAESE, 433r = -0.333,P = 0.031;r =
~0.338, P = 0.028, 12 JAMAEKIBHEH SCA KA ghrelin K- (1.4  0.5) ng/mL 53§ FRLH LW B T M (P < 0.05),
SGA 411 IGF-1 F1 IGFBP3 /K- B Z (%, H TG KB AR (P < 0.05), 24 h /R GH HElt B&HFRWLER (P > 0.05),
[453:) SGA KB BEFETE ghrelin #EHLH 5 GH HEPUILIFIINE T X SCA KK E,

4@ ghrelin; INTRAIYIL; KB, BERFEERKET-1
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Ghrelin Level Variation and Its Relation with GH/IGF-1 Growth Axis in Small
for Gestational Age Rats

SHEN Zhen-yu, DU Min-lian*, HUANG Yue-fang, SU Zhe, DENG Hong-zhu
(Department of Pediatrics, The First Affiliated Hospital, Sun Yat-sen University, Ghangzhou 510080, China)

Abstract; [Objective] To observe the ghrelin level variation and its relation with GH/IGF-1 growth axis in small for
gestational age (SGA) rats and to explore the role of ghrelin as a medium and regulation of metabolism and growth in SGA rats.
[Methods ] Establishment of the SGA animal model made by starvation method in pregnant rat. Experiment Grouping: @D Group C:
Normal matched control; @ Group S1: SGA group with growth catch-up; @ Group S2: group without growth catch-up. The body
weight and nose anuses length were measured weekly. 48-hour urines were collected for detecting the excretory rate of GH when
the young rat were 4 weeks old. The serum of group C was sampled on the 4*, 8", and 12" week respectively while the serum of
group S1 and S2 were collected on the 4* and 12 week, and then the concentration of ghrelin, insulin, IGF-1, and IGFBP3 were
evaluated. [Results] The ghrelin level remains invariant in normal SD male rats of different stages after birth 4 weeks(1.6 = 0.3)
ng/ml, 12 weeks (1.8 + 0.5) ng/mL (P > 0.05). As compared with control group, serum IGF-1 and IGFBP3 level declined
remarkably in SGA group (P < 0.05). The variation were not detected as to the GH secretion in 24 hours (P > 0.05). The serum
ghrelin level in SGA group of 4 week is remarkably higher than normal rats, but the urinal GH secretion in 24 hours did not
manifest an increase. Moreover, there was no relevance. The ghrelin level was adversely related with serum IGF-1, IGFBP3 level,
denoting the ghrelin resistance of different degree. The serum ghrelin level in SGA rats was remarkably higher than that in normal
rats while there was no notable difference between growth catch-up group and group without catch-up at age 4 weeks. As compared

with the control group (1.8 % 0.5) ng/mL, the serum ghrelin level (1.4 + 0.5) ng/mL decreased dramatically in SGA rats with
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growth catch-up at 12 weeks (P < 0.05). [Conclusions] Obstruction in the transmission of GH secretion signal activated by ghrelin

maybe occur in SGA rat, and when coincided with GH resistance, the SGA growth is impaired.
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/NFHRWE JL (small for gestational age, SGA)
G BURF BB, SCA JLEMAKMNEREER
= HBTE MM R 2 —02), SGA JLEBARAE
KRBT bR LI A 5 R R B LA A K
W (EFRY FI—E B R—ICGF-1) A JLER
H KA, (ghrelin/GHRH/SS—GH—IGF-1) , BEfE
W5 R I, SCA TLAEKBIEE (4 SGA 1Y) 10%
~ 20%) A KT AE R R IKPUA IGF-1 1%
P, XTI SCA R B/ RERHEMLH, 0
HORRTE . BRFE AR BEIRTT I LATREME
KBRS E B R A R ES T AN ZH, M
T 235 SGA M1 B & . Ghrelin /& i H 2% 1Y
Kojima®7F* 1999 4 4% 18 & I 1) —Fh £ ik, & 43 W
TH, HEERTHIRYERERESIWEZE
R A= K 3K (growth hormone , GH) B&jlit, B EA
W BB 2 i AR R B SR HE BBk AT BB AR
AN BE , Ghrelin T4 RAE N AR | B
T — ST A, Ghrelin VE 0 AE K I
RO FEMERZ — 7 SCA EREHIH
ToHIUE P A AR AR, ABFRE T
BIEHH AERKIEF RN SCA 4 TAEKIER
B SGA 4 KB ghrelin KR ZARAL | B SR 4 K

AR R KER X E B ghrelin 7E SCA 4=

A 7 HR AR R R S LA R AR A X LA B 5
Wi, 0 - H AT BB AR TR A B R AR

e

1.1 SE3ehra

LB Y . IEHIEIE R Sprague-Dawley KR
(H A LR EEN AL X L8 3h 4 O B4t ), DB
HI T 2R 48 SE 00 3 W) 39 Gt — SR A ) 4 Y JBORL A B
YOK A m ETHTE BRK, shSL o O RTRA
PRUEIRIE (20 + 3)°C, 12 JE 50% ~ 70% ,4 H &
WA 12 h,
1.2 FERH

GH e BT i & . AL B =R B AR
AIRARIREE, BUpsk, REUE 2 plu, it
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ZH <95%, MNER < 6.5%, BEHE (insulin,
Ins ) R BRI & VR B LR TR A M HARH R
OE R, U REE 1.5 puIU/mL, HHk[A]
ZRH < 10%, MHNER < 8.1%, MR ENEIR
FE TG AR E RS PR IR A PR R R AL, 124
LB, AR < 3%, HNER < 2%, KR
M3 IGF-1 ELISA 5% & . 35 DSL A R4, i
Bk REUE 30 ng/mL, fiLMA]ZF < 9.5%,#t
WZER < 7.4%, K ghrelin ELISA 7 & . £ H
usbio 7y B4 %Eﬁﬁﬂ&%bﬁﬁiﬁ 0.1 ng/mL,
HEEZ 5 < 14%, NER < 5%,
1.3 FEMNSFESE

SN-695B T AEM A v MBAY (LIEBRTF
W55 7 H 3MUAR—) ), ELX800 U EEARIY (3
Bio-tech instruments ,ine.), VIS-723 Bl Y661
(BB =0T ) 70 CARIRYKAE (H 4
SANYO),Sigma 3V-30 & = & & K 1& & 0L,
DHW-600 7Y Fi #IE IR /K58 (AWK VIR B R
e
1.4 L%
141 FyERGES RAGSRERETLIRE
BT SGA SRR SR & 200 ~ 250 g £F
B 20 H R RFRE 200 ~ 250 g AR 6 H, &%
WRHEBREE, 8 H B4 RIHESR 5 B3
BN SHRETHAERSF, UFHERFREE TN
R 1R, IERSTIRARR A Bk K& A f ik
B, P8 H R E AR 22 ¢, SEIA R R A 2
) (29 21 d) B B oK, BREHERE SR (9.0 =
0.5)g alkt, B, S ikEHRIKE B BiFE,
2h AR FLIR SR W 3 AR iRl WiFLE 4 R 7%
MR B BiEE, MPRIEFRE, ARSI
ZHEVERAF AIE R EH (C4) BE TR L
(appropriate for gestational age, AGA) F4H , SE5w2H
BT A R M A T AR/ B B R AR T B B A A
FRA-2SD LT3k SCA BAILh B, LI LI -
ZHEWETEA SRS 4 R (MY TFARILEHZE
FHARED) B/ S BB T IE % X B4 -2SD

PUE# (>-2SD) WK B A (S1 A, £ TF-2SD
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AT (<-2SD)# AT KB AT (S2 4) , &%)
B 3 JR e YR58 . MERRTE 3 AL . B e 5
%, H S%ERRE s IR BEIRC SR,

142 ZRshhaw 45 34.0C A EFX

HEZH @S] 4 . KB SCGA ;@S2 A . oAk
JBiE SGA 4,

1.43 #HFARR ZRERANEETE (FBH
201 g) BIKEREL mm), 4 FRNE
FRIFENBE48 h R, TEBERRE, KR
BLEBRA T, B L IE RS RIR R, &R
GH ¥R & ,

24 h JR GH HEMEZR, %2 48 h JR GH HEtt &
B(JRE x GHIRE),

24 h JR GH it = 48 h GH fFlt & (pg)/
[(RFER (g) x 2], B pe/go

C KR A45 T 4.8,12 BB 4351 14,
10,10 ek BB, ST A1 S2 4K BCF W 4,
12 JEBT 43545 B 14,10 R AR BB, BB H
BB SR 8 ~ 10 h, AZE/K, BULRIFR TR |
JE i PN BT 100 g/L KA &% 0.3 mL/100 g ik
P, SR . i Rk B A J S BRI 0, 0 S
3T R R R YR B A IR (R IR R AR, AT
ghrelin 8 5% & . IGF-1 ,IGFBP3 ¥ &,
L5 GEit=Eam

FAEBIEYR %5 Fm, ZAMHBORAL
R ZE73H7 (one-way ANOVA) 7 44T , 2 R A
14 T P LU PR /N 1 (LSD 1) o A 20 Hr
Pearson I, L P < 0.05 B EHFRIE,

2 &% X

2.1 ZRYEEBEBIEEIRS SGA 4R

Gt —AZEE AL, A IR T R AR
Bt 27 H, AR 16 R, AR RFRE (631 =
0.55) g, 2 BRI TR 4 AL 126 H &5
PRUER) SGA FrAE At 98 H (5 77.7%) B2 4
JEEES, IERXREFAMERA 1 R Tt
FET-AR S5 779 15 R (FE RN 93.8%),
SGA # B A 9 RFse i # i e T-miiR 5Lk,
FEWE 89 R (FFIER N 90.8%) , Hrpifeik 41 R (5
44.9%) K B AERKIBH 14 R (15 34.1%) ;

KB 27 R(5 65.9%), 455040 R

R BT SL SGA &) RARTL BRI ¥

2.2 FHEKBREMELE

H AR, C AT E N (6.31 £0.55)g(n = 16),
SGA AR N (4.31 = 0.50)g(n = 32), FidlLk
BAEBENER (1=204,P<0.01), HER,C
4B AT K (5.01 = 0.21)em(n = 16),SGA 44N
(4.39 £ 0.25)em(n = 32) , il W ZE R A G iT#
B (t=204,P<0.01),

SGA Zh BUIARHE AR K. 4 RIS AT, S1 AR & |
BEKSHBEHZE CHM -1.6SD K -0.85D /K
Vo S2 MR RE, BKNAHIN CHRY -2.75D
Ko -2.1SD K, B BAKTF C 4, 8 JA AT, St
S2 KA BAET C 4,52 4k R 8%
FCH, BS1UAKERES CATER, 12 Ak
B S2 AR E BRKMABHKT CH, 20N
Frel/NMa ST AR R . K5 CHTTEN,
BEKAEBEMEI(FE C AR -0.8SD K, &
1,2), :
2.3 HBHAFEEN ghrelin &

1E% SD Mtk R BAEA f5 AR B A I ghrelin

®1 BAGRELE
Table 1 Weight of rats in the three groups

(wxs,g)

Group 4 week 8 week 12 week
C  69:6(n=15) 199220(n=13) 297+32(n=10)
S1 59 i‘S(nz 14)Y 196 £20(n=10)" 303 £29(n=10)"
S2 53+4(n=14)Y 163 £18(n=10)" 258 £31(n=10)"
F 34.649 11.652 6.185
P 0.000 0.000 0.006

1) Compared with group C, P < 0.05; group C: group of
control, group S1: group of SGA with catch-up growth, group S2:
group of SGA without catch-up growth control.

F2 BHEEAKE
"Table 2 Height of rats in the three groups

(x5, cm)
Group 4 week 8 week 12 week
C 133+ 1.0 21.0+1.9 23.1+24
S1 12.5+0.8Y 18.4 + 1.5 21.2 £2.00
S2 11.1+£0.79 16.6 £ 0.79 18.1+1.7Y
F 22.748 24.580 13.790
P 0.000 0.000 0.000

1) Compared with group C, " P < 0.05; group C: group of
control, group S1: group of SGA with catch-up growth, group S2:
group of SGA without catch-up growth control.
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B4 FOLEW) N (1.6 £ 0.3) ng/mL.8 J& (FH:
SEHI) M (1.7 + 0.5)ng/mL 12 JE (BAESH ) M (1.8
+ 0.5)ng/mL, H ghrelin K0 R EMEER(F =
2.334,P > 0.05), 7 4 JEREET, SGA KERIM. ghrelin 7K
FRESFERERR, MAEKEBEHMNEFEZ
R EEMZER, 7 12 Bl KB4 SCA
KERBYIL ghrelin B & T, S2 4L AT DL R, {HR
B EMZER . P4 SGA K 12 AW M. ghrelin 7K
L4 BRI 4 RSB R I3 3),,

®3 FBEKXRAEREUE ghrelin &
Table 3 Surem ghrelin level of rats in the three groups

(% xs, ng/mL)

Group 4 week(n=14) 12 week(n = 10)
C 1.6+03 1.8+0.5
S1 1.8 £0.3 1.4 + 0.5
32 2.0 £0.3% 1.4 £0.7%

F 6.403 2.482

P 0.004 0.099

1) Compared with group C, P < 0.05; 2) Compared with group
C, P <0.01 ;3) Compared with the same group at 4 weeks, P <
0.05. group C: group of control, group S1; group of SGA with
catch-up growth, group S2: group of SGA without catch-up growth

control.

2.4 MRS HE R S4B R L B
258 58 DSGA 4 IGF-1 %, B oA
KBHABRMKOEEL, B8 EHE Y,

@1l IGFBP3 BYZAR L5 IGF-1 [R5, #l; @24

R4 MEREREEIRILR
Table 4 Surem ghrelin, IGF-1, IGFBP3, and urine
GH level of rats of 4 weeks in three groups

(x+s, n=14 in every group)

_ Ghrelin GH IGF-1 IGFBP3
Group
(ng/mL) (ne/g) (ng/mL)  (ng/mL)
o 159033 0.89+026 385+61  193+66
s1 1.85+0.320 1.02+031 296+ 5599 125 + 459
S2 1990272 099+032 242+630  88+312
F 6.403 0.725 20.205 16.262
P 0.004 0.491 0.000 0.000

1) Compared with group C, P < 0.05; 2) Compared with group
C, P<0.01; 3) Compared with group S2, P < 0.05

group C: group of control, group S1: group of SGA with catch-
up growth, group S2: group of SGA without catch-up growth control.
GH: growth hormone, IGF-1: insulin-like growth factor-1, IGFBP3:

insulin-like growth factor binding protein-3

/NBF PR GH HEM B AR W27 FEAMERY GH
KT, SGA 4B IGF-1 T, BI04 KB #F4H
PR FE, /R SCA 7E GH—IGF-1 BT 2 Fh 77
TE GH #EHL, NI GH B2 A4 K A5 5 58 B = 03,
(F4),
2.5 VHJEWHE R S IEIRIB X 4

4 FRESHENE BN ghrelin 7K 5 Il IGF-1 7K F
(r=-0333, P=0.031), Il IGFBP3 /KF (r=-
0.338, P=0.028)2HENLMAAMK, 5 24 h JR
GH HFt B R 2 G B LWAEE (r=-0.107, P=
0.500) , - AEANFRER ghrelin %P1,

3 @

3.1 SGA RE GH #iin

A WF5E R ghrelin—GH—IGF-1/1GFBP3 1 4=
KA R R AR KE K SCA KR (FEAEKIE
AT RIB AL ) A8 b B X 2 i
7N PR SGA KRB ghrelin K-35 HEIE % 4H Tt
&, Il IGF-1,IGFBP3 /K KTt E# 4, i
P20 SGA FLAY 24 h JR GH HEME R H 5 1E# 4
DEZR /R SCA RA GH Hitht, A 4 KB
H (S1 4) IGF-1 # IGFBP3 & M iF # 4% E A7 B
BEFIRAREEE (S24), THRRIGEER
GH ST o T 18 A, [ B R B A &
BLEWENEEER,

3.2 IEE SD kMR M ghrelin 7k T 7 [ 4 #
[

Ghrelin 1EA— N2 INEERIIN I K, BEFEARR
FE RN IR B E PR E 1R T S, 7R
JLEH, ghrelin 5 GH-IGF-1 — £ XM 35HFlLE K
HIXCE AR, TE AR, B TR A KBS
SR, PIE (VR B LARE R R E R
1% JBRRRAE I RS B AT BE . 56T ghrelin S4ERYAY
KRER,EFMEA—, Haqq FEHEE I ghrelin 7K
AR IR CEL 2 HAAHSE T Liu 2800 3R 38 24
7 BB A K 2 (BMI, RS R RURE  HDL P51
ERESB&MA M) HATZIT AT, ghrelin
SRS TCHE M {52 IGF-1 S0, A< LB 4s R
BN X TIEH SD MM B HE, 42 B R Al
(BRER, 558 SR A1) # A ghrelin 7K
FHE I EBAHEHTTEEET, RRFRIFER

! 520 ghrelin BT R
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3.3 Ghrelin 54 FTBE2 ghrelin #RiAY =R

RIFFRLE RN SCGA 1 ghrelin 15 T 1E 7 X IR
4, {BIR GH TCHER T+, AT LA AT Jr D SR 0 )
RERVPLIE, 58, U A BRIk —FF , RV
IR K- T 1R A B HL 32 A I8 e S B 7= R
TEAFN TS R, B ghrelin AT AE R ghrelin
HEPLHIFRI, SCA JLA H RiXTEFALF i R4 1Y
W EAEAENE NS REREMRBEENEZN
SYWBCE G , P A MR R B W AR
I RBZ M GH kbt (WS IGF-1 41 ) |k
BRIPT. EREIKILEE, ghrenlin 1 Ayt AR
BEHENAG, BERSUATREEARRBRER
“ghrelin f&FT” , [ HAE GH 2 B h B8 K BE 15 2
FEA R, ghrelin ROIKPL AT RE & A 7E ghrelin %
{ki——GHS-Rla, Bi# K4 HLGZEENE
SAL S L BRI R — RS R
AR, AF 98 45 5 P S2 AHAR ML ghrelin /KRR S
ST BEMZES (B S2 HmT S1 A, AR
GH /K F-HEAAH Y, A FTRES B ghrelin FYFEHT S2
HETF S1H, EARIHIRIEAERIBE S2 H2E
FS1 41,

HIR , BAR ghrelin 22 AN A T4 4619 GHRH/
SS—GH @A 2 GH 43 FIVER , (B0 58 K HR
SEHE Y GHRH/SS-GH i 4 77 78 X4 FoAE H 7T g 2
R, HIA, T R SRR NPY iS5 T
WO, T EL, HLARPESY GH 43 =R )
INEARVEF EARTIZ , KFELm ghrelin AP
GHRH (/& F /Y [F] B 7T BBt SS mRNA FRikHg
B IE M5 T GHRH -9 ghrelin 7KF,SS T
ghrelin 7KF- | DT 34 2175 ) 25 (1) P #5100, 72 SGA
A& HF B SS mRNA Fik BETHE , X
—J7 T AT BE5 SGA MU ghrelin /KA 3%, B —H
TE ] BE A5 ] T ghrelin B4 GH W EH,
F W K TE SGA 3 NPY mRNA FEIXWETF , f#
ghrenlin {55 7EA T W& 3 10 3 A2 HP S R s 55
M TCHEHEIE SS X GH B i dlfE R, &%
SGA M GH /K FH T RET R, LdRw

T AYRIESE | ¥ A T VR AR RL DS RHIE S
ST -
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