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Ghrelin )25z GHSR XA B S ENAKE
Z B AT BLIB AR 1Y e &R

WER LH ML Bk R

(W KFoBEERILA, @Il /A 610041)

[(# ZE] B8 17 Ghrelin S AE KR BEIIL W R Z KR (GHSR) RiX B 5 EH N AT ZHR(TUGR) /15l
BEAKEXR, FiE RAEEREDIR G TUGR KRR 2 R 6G5 , 8 R A/ N TR (SCA) fE R
FIBREDE TG (AGA) A7 U B2 B0 4L, AR TR il (AGA) A7 BUA XS IRZH . 7 0.20 .40 H I JIEFI T ffiki 20
2 525 G2 B PCR 1 (real-time FQ-PCR) 435 # Ghrelin mRNA F1 GHSR mRNA ; #0728 2H 234k 27 1) 72 Ghrelin
HEM GHSR . &R 0 HiRER& SCA TR B IRAHZ P Gherlin mRNA FIHE #3544 5 THRE AGA ZH AN
M4, N /s GHSR mRNA A TR AGA 41RITXS IE4 ;20 H i SCGA 4138 A AT B B T Ghrelin [ . T -
fili GHSR mRNAFIEE [ (1) 2 35 7 T SGA A8 A K AN FRALAT B ; 40 H BT 3 41 22 R R4 it= 2 L (P >
0.05), #5it  Ghrelin-GHSR W ig 2 5 T B A TUGR G LY AE PLIR T alofg Bl /2, HWTREFE A /52 5T SGA 4~
PRIIIE AR K T A

[ FEHRILFF#E,2010,12(7) :563 —568 ]

[X & W] EHNEEZMW; Ghrelin; L RBEBBAILIMBRZA; BHEERK KR

[FESZES] R-33 [ XEktRIZAD] A [XXE4HS] 1008 -8830(2010)07 —0563 - 06

Relationship between Ghrelin and growth hormone secretagogue receptor expression
and catch-up growth in rats with intrauterine growth restriction
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versity Hospital, Sichuan University, Chengdu 610041, China (Mao M, Email ; yanghuiming03@ 163. com)

Abstract: Objective To study the relationship between Ghrelin and growth hormone secretagogue receptor ( GHSR)
expression and the catch-up growth in rats with intrauterine growth restriction (IUGR). Methods The rat model of TUGR
was established by food restriction during pregnancy. The small for gestational age (SGA) and appropriate for gestational
age (AGA) rat pups from the pregnant rats were used as the experimental group. The AGA rat pups from the pregnant rats
without food restriction served as the control group. The samples from the stomach fundus and hypothalamus were taken
postnatal days 0, 20 and 40. Ghrelin mRNA and GHSR mRNA expression were determined by real-time fluorescence
quantitive PCR (real-time FQ-PCR). Ghrelin protein and GHSR protein expression were examined by immunohistochemistry
(THC). Results At postnatal day 0, both Gherlin mRNA and protein levels in the stomach fundus were significantly
higher, while GHSR mRNA expression in the hypothalamus were significantly lower in SGA rats from food restriction group
than those in AGA rats from restriction and control groups. At postnatal day 20, the ghrelin protein expression in the
stomach of fundus, and GHSR mRNA and protein expression in the hypothalamus in SGA catch-up rats were significantly
higher than those in SGA non-catch-up growth rats and AGA rats from the control group. At postnatal day 40, there were no
significant differences among SGA catch-up growth rats, SGA non-catch-up growth rats and normal AGA rats. Conclusions
Ghrelin-GHSR might be involved in the physiological regulation and pathological process in IUGR rats. It is also possibly
involved in the regulation of catch-up growth in the early life of SGA rats.
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RO G JL 6 285 09 AN F) B3R 4 4 Ok 391 0 IR A
RJERGe BEEUN IR S S EURILE N KT
%R (intrauterine growth restriction, IUGR) , 43I
/INFREES )L (small for gestational age, SGA ), Z2JL,
AR, R 228 SGA e i it AH Ny A I 1 1 3 3 T
A, DB R A A K HUE | X — IR
B HEAE K (catch-up growth) . {H% 8% ~20% )
SGA A& A B A, i A B m 154K T 1R %
1999 4F:1 Kojima 45" MK B 41 24P 4 LY 77 28
MRS Z K Ghrelin J&—Fh A4 K BER B 73
W 2K 3% K (growth hormone secretagogue receptor,
GHSR) N I8 M BC AR, HAT 38 85 12 AR KR
(growth hormone, GH) Bk Thie, Ghrelin T2 HH
JEANAE S5, il 2k GHSR &A% A4EHT, Al i G 35 Hh GH
TR AR N GHSR J&—Fl o 125
T RESIER) G 8RR SZ AR, )z o0 A T P AR 4
RGNS HMEALL, GHSR mRNA £ F il A %5 7K
VYR, WA Ghrelin 51F7ET T i Y BE
AR O LU AMI X (VTA) /Y GHSR #
ZIUA5 1, LA GHSR O 1 J7 B0 2 B b 2200
T AR TR 2 M TR R 22 M 0 BRI AT
RAERN o

H1 T Ghrelin 4742 GH 73 M pIAE ], [ iy B AT 4
T RER A VE T, IR Ghrelin 2 HAZ K GHSR 7
HAUP R F IR KRB X SCGA MAAK K F L2
PRAE R AEAF IR ARG . AHIESEIE 1 ) FR E
7 TUGR R BUERY , AR SCA FiEh iR # (appro-
priate for gestational age, AGA) 1 i, 43 5l % FH 55 i
7t E B PCR % (real-time fluorescence quantitive
PCR) jlll 5 Ghrelin mRNA F1 GHSR mRNA ; 425 2H 21
Ak (immunohistochemistry , THC ) ] %€ Ghrelin Fl
GHSR 2 FATE#& A7 BB IR T i b iy 35, B
W5 T i Ghrelin & GHSR 5 SGA /M4 4 5 1y 4=
KEFMIBEAKNLR.

1 HRSHE

1.1 FENHFMLF

Gel Doc 1000 #1542 2 4t ( 3£ [E BIO-RAD
), FTC2000 IS 56 R i BE I B AL (&= ok
WA 2 H] ), Image-Pro Plus K18 70 #1 R 42 (36
Media Cybernetics 2y ), Trizol (32[E MRC A ] ),
Revert Aid™ First Strand cDNA Synthesis Kit ,TagDNA
R W (ANTP T4 DNA Ligase | FR i 1 A U i ( 57 g
58 MBI 5] ) , S E e [l o ian) & 7 Wy a4 ik

& (5 E Omega 24 7] ) , Marker (650 KAL) ,
BB KB N ELEE Ghrelin £ 57 BEHLIA (201X
M8 A A, GHSR £ 5 B bt ik (3£ [ Santa 24
) AR S BTN RO IgG (R L E A
A]) Sz dd Ak SP e & (At h i A M R
ABRAF]) o
1.2 h¥ERETRSAE

K TR P48 A BR 7L 57 TUGR KRR
RI(RP—2 28 TR 0 ~ 6 R TATL A 5 Uk}, B
GEORES T R 2 W, 45 T % B 20 1) )
30% ) ; 75— 2 BT IR IAAS FRE AR S oxt B4, i H:
AT AGA PR, AR ARG, BT
AV ST AR BRAARER R 22 0. 001 g 1143 H %) R
A BRI 8 (o) FIARHERE (SD) |, JUIREALF
x =2 SD WA R E A SGA . 1™ T B4 AR
£ SGA AU FIFRE AGA 41, RERE AGA {1 R %) &
A 0 AR TR C . SR B RE 2 40 H
I, TR BT, B H O AT B, Dy ik R, AL
JEZ B, SGA {1 R (R H K F 5l 55 F 6] H I8 A7 B4
Hox -2 SD F RiBE A KAT R, R EIR TR A
FERATE x -2 SD F A ARIBEARKAT B
1.3 Ghrelin mRNA 1 GHSR mRNA gj#& i
1.3.1 RFRMLE AT ffmLL LR TEFR & SGA
4 FRE AGA AN BRZAAF B350 0 H i .20 H
1% 40 H W, 4 20 B AL BT BL 10 1, & Rl
SRE BKBKE, Wk, IR T 2414,
R R B 20 27 Ao [T 3% ) o o, DIIRCT Fe i 2
21 3BTRS IRHZZ 30 ~ 50 mg, 43 FIT AR IR AR
R 3EA 1 mL Trizol 54 1.5 ml EP & 1,
- 80°CVKIRIRAF , 1T RNA $2HL, [A]HS 55 HL—FK 43
T E A E LR T 4% vk Y v
4°C[E5E 24 ~48 h, HTHLD o
1.3.2 # I RNA R % uf % k2% PCR 1w
RNA [ ASE T &850 T IMA YRR . &
Rl — A0 RNA 42 2 /K40, 5 DNA Fid 1
O S NEEEDTUE ISR RNA . SR MBI A Al 1)
Revert Aid"™ Frist Strand ¢cDNA Synthesis Kit, 1% %% 5%
A cDNA 7E PCR A #4749 34, PCR W AK R
10 x buffer (Mg** free) 3 pL, MgCl, (25mM) 3 plL,
ANTP(25mM)0.36 pL, F#514(10 uM) 1 pL,
B4 (10 uM) 1 pL, Taq DNA & i (5 u/pl)
0.3 pL,ddH,0 17. 54 pL,cDNA 5 L, % fF:94°C
2 min,94°C 20 s,54°C 20 s,72°C 30 s,80°C 20 s,
Ghrelin \GHSR FlPN 2 H i1 85 -3 -0 2 16 S0t ( glycer-
aldehyde-3-phosphate dehydrogenase , GAPDH ) Ji& [A ¥
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52 H Genbank ( J 4 5 #K K & 59301, 84022,
24383) , g 1pdy i B AEY) TR IR Al
114 o Ghrelin: i 5|¥): 5'-CAGAAAGCCCAG-
CAGAGAAA-3', T if 51 #1. 5'-GAAGGGAGCATT-
GAACCTGAT-3', GHSR: L5 4.5 -TCTTCTGC-
CTCACTGTGCTC -3', T #5149 :5 -ACCACCACAG-
CAAGCATCTT -3’, GAPDH: Li#5|4y. 5’ -CATG-
GTCTACATGTTCCAGT -3', FiE5|4: 5’ -GGCTA-
AGCAGTTGGTGGTGC -3', FEREWI 46 I £ (X)
() cDNA Hif$% 10 1586 B2 AT B, il b TS AR
5, BENRBRA R BE S WL, 2050 A 30 wl
(4 BN A 2 v, AT S 98O 8 B PCR, 9718 45 1F
94°C 2 min;94°C 20 s,55°C 30 5,72°C 40 s, 45 M
Ho H A3 H) cDNA G TP IRS wl, 12
FERY OB T AT PCR 973 . B Bt , 221 30
PR IRE AR A B DO AR B (cycle
threshold , Ct) Ct i, TF5 HH o IUAE il AR AH X5 DURRC
1.4 Ghrelin 1 GHSR & B/
LAl &R R W 8] 52 4 i i A
B RSB BB K, A B 2] SR
N4 ~5 pm, BEEFUKAG, #2050 B R AT S 20
gUl g, PER IR E A
.42 RBETARLRAMFELER  TERM
KR RGNS T 7 THC [RIK B, 45
SO R TEAH R A5 R (40 x 10) BEHLR AR 6 A
PR BT R, >R ] image-pro plus 5.0 B {3
AT 3 M, I s BE A 78 67 1) AR 03 O %% A
(integral optical density,I0D) ,
L5 gitZE5Hh

AT SR HCE T SPSS 13. 0 i FaEfT g it~ 4k
PSR = bR 22 (a2 5) TR o XTI 2 dia
1575 2253 A FNZELIR) P L3R, Rr Kk i = 0. 05,
2 R
2.1 SGA 70 AGA Fi B K Gherlin mRNA &iA

FRET SCGA £ 0 H ¥ 41 B H IR 4L ZUrf Gherlin
mRNA k5 FRRE AGA 41 0 H 11 B 6 B4l
0 Hi¥ AGA i, ZZRA LI, P<0.05; 1
RAAIA HIRAH L Gherlin mRNA 335 P W L L
EFRGIFEXL,P>0.05, 452RI1%K 1,
2.2 SGA 70 AGA iR T Efzi GHSR mRNA &iA

BRE SGA £ 0 H it A BT /i GHSR mRNA
MRIRMET IR E AGA H 0 H A1 LA BZH 0 H
% AGA fFBl, ZRA ST #E X, P<0.05; R

SGA 2120 H #5 8 A K A7 BT F i GHSR mRNA
(2235 TR E SCA 4B A K 20 HIRAF R X
XTHEZ 20 Hiy AGA /7[R, Z R AT E XL, P <
0.05, HAKAHB MW HLKZER LG4 L,
P>0.05, Z5H %2,

2.3 HAEBIK Ghrelin %% & & PHH4 40 E 10D
EEb &

BT SGA 41 0 H i A7 BL B IR 4121 Ghrelin
G2 BH 1 4 A 9 10D fi = TR AGA 410 H %
R IRAL 0 HIRAF R, ZRA RIS E X,
P <0.05; B SGA 4138 £ K 20 H A1 R H
R LU Ghrelin f32 PH M 41 M 19 10D {H & F R
B SGA 4 A8 A A K 20 H &A1 B X B4 20
HIMFR, ZRASITFE L, P <0.05; K&
HE P LR Z T LR IT=E X (P >0.05),
W3 AL,

2.4 FHHATEM GHSR %R & K A4 4 A 10D
Bk %

FRE SGA 41 20 H %38 A K AT BUF i v
GHSR 5% R 40 Bt 1 10D {f 785 T IR SCGA 41k
B A KA R B AGA (TR, Z A ST
X ,P<0.05; A5 4 R B L4 22 3 BG4
X,P>0.05, W4 FE2,

&1 BJE Gherlin mRNA RiE (v xs)

215 fFRE(R) 0 HE 20 H i 40 H i
it A2 10 0.50+0.08  0.82£0.11 0.88 £0.09
FRfr AGA 41 10 0.52 +0.10
FREr SGA 20

CRIB AR 10 0.87 +0.07  0.91 +0.12
£ SGA 41
10 0.84+0.11 0.90+0.13
GEAEAEK) ’
FREr SGA 21 10 0.93 0. 14%:b
F{ 197.98 4.36 3.85
P g <0.001 0.053 0.07

a XL 0 HE AT B4R, P <0.05;b: SFRE AGA 410 HIRTRLL
#,P<0.05,

*x2 T KK GHSR mRNA RiEx  (vxs)
205 HFEE(H) 0 HiIg 20 Hi 40 Hi
X} HE A 10 0.90 £0.15  0.84£0.11 0.73 0. 10
FRE AGA 4 10 0.90 +0.08
FREr SGA 21
10 0.87£0.12  0.72£0.07
(RIBEEAK)
e SGA 41
1 + c.d .72 +0.
GEEEK) 0 1.25+0.21 0.72 +0.09
FR£r SGA 4 10 0.45 £0.022P
F i 82.37 102. 46 4.11
Py <0.001 <0.001 0.06

a: SRTIRA10 HIAT BUELAL, P <0.05;b: 5 R T AGA 41 0 H 47 B L
B,P <0.05;5c: SGXFHRLL 20 HE T RUELER, P <0.05;d: 5B SGA 4 K8 4
K 20 H IR RS, P <0.05,
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%3 BIK Ghrelin & PAHMMEE) IOD B (xxs) *F4 TEM GHSR R AN IODE  (3:s)
bl fERE(H) 0 Hig 20 Hikb 40 Hi 215 FRERE(H) 0 Hilg 20 A 40 Hity
it HRZH 10 267 £19 3842 £105 9 136 £207 ot HA 20 10 347987 12473 £420 51644 +1 293
Ffr AGA 41 10 276 + 14 FREr AGA 41 10 3532x116
PR SGA 41(CRBEAFER:) 10 3956 £91 8 963 +359 R SGA 4l CRSEAFEER:) 10 12 353 £354 52344 +1 720
FRE SCA 41(GEREK) 10 4 678 £1243:¢ 9 208 +207 FREr SGA A GBEERK) 10 13 208 +386%> 51 560 +665
£ SGA 41 10 447 +30%b FR£r SGA 41 10 343186
F A8 142.004 117.557 1.981 FH 1.630 8.528 0.658
P <0.001 <0.001 0.172 Pl 0.229 0.003 0.532
a: SXTHRLH LEAR P < 0. 055 b ST AGA 4 ILEE, P <0.055c: 5IRE a S RFRALELAR, P <0.05 ;b 5 HET SGA AURIB A K SGA fFBLELEL,
SGA fARBHFEA: AT BULEL, P <0.05, P<0.05,
bopcl FRE AGA 4] FRE SGA 4

0 H#

o

20 H &

40 H i

1 ZAFRBIK Ghrelin RERELER(IHC, x400) 3 b b B € - F48 CIORPIE A Ghrelin 4y Y 4
PEo B KBTS h e GLBRTEAIIE. O HIRAT BLA B SCA 41 Ghrelin 25 19 #6038 B0 7 T HAPIAL,20 H A7 BUF PR SCA i/ K4l
Ghrelin 25 9 2 A3 [ 2 FHRMIAL. 40 HIRAF R 3 4L 825 5.
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X 4 MR AGA 4 MR SGA 4
0 Hi
20 H i
40 H i

2
ik g Y PRI . 20 H A7 BUPBRE SCA BT E K 41 GHSR R KA RIE = THAWA ., 0 HiIRM 40 HIRfFRP3 4
T 75

it

K Zh Yl 2], Chrelin 25 T PUAREE V-
4R o Ghrelin J2—p 3222 iy B 7000 19 i1 K
HRA Wil R ORFNR L , 450 RE & 117 (14 915
T 2 —FE B AA S . AR L)
A 1SN, SR AR £ s
TR — BRI FR — R AR AR K A i 2 i
SEUN . A Ghrelin B A BUE , H i 2 MAEdE /8
Ghrelin 7ERERE AN R HPIRZS T ol REH Y T 5 518 &
FfE S R A ™

B T ek Bk, 98 99 RE AU LLAE, Ghrelin 5
— P EE A A HE ) AR S R i H sz R GHSR fig it
GH )73 o Joie ik =8 N 45 2 i bk T S s J2 R s

FAMFR T EM GHSR SRFRLER(IHC, x400) MU rh B - 4745 (9l GHSR e Yo FHTE .

252, A ARBR 2 GH BCE R . [RIRT, B
¥y GH B A7 X Ghrelin Bl /" o J4E
RIUVEJGAIBEAE K Y SGA (W B i s PE GH
A AGETT AT B, Xt Ghrelin-GHSR )/
VR B AL 52 B T T LAY GH Bl
JAT LA I Ghrelin 78 GH il e 7 1 A €51

— SR R S SGA [ I Ghrlein 7K
FF AGA 2L, H 5 AR AR EE 52 60 A OC s X AR
HTBEPE S5 R B R B 52 BRI IR LA A K 3
REE R A K E 7 (GH-IGF) #li & 4= 1 el 22,
Ghrelin/KF- % FFF ). Gohlke 2" X BA B W A=
TR A5 RN Ghrelin FIRES 5 T H4E 5 1UiE
AR,

AT R I, X BRALAF B Ghrelin mRNA 12
7 T ORG 1 2 3K Bl S B 0w R, X 5 Lee
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S 1 H AR B Y Ghrelin 26ih K P 354E 1
FH G R —3.

0 HIRMFEE SGA 4111 B E K Ghrelin 3%
PRI R [ 1 23k 1 i T B 4L A BRAH 1 AGA {1
L, T s GHSR mRNA (3R HILFRR 41 AGA
FIX HRAH AGA A1ER, $2 /R 7F TUGR i LY B B 57
AN RIS N L B, Ghrelin-GHSR AfgE2 5 7 Hh
(1) A B T O HE A AR, SRR B N A 7 SRR O A R
BeXt e L R IR R 230 Ghrelin B 20 B 7= A T 520
{3 Ghrelin 3235 i, 3334 25 10 F Bk GH-
SR mRNA ik FRAK, AT AE IS BN IR 78 72 A8 X
6 LN [R5 1055 W R AN T) , % 6 2 i 41 i T g
H0E AN

20 H iR E SCA 4l L K AT FLUE I Ghre-
lin 1 . F o fixi GHSR mRNA #3353 B g 3%
15, BE R AEAT R R A K& B # v, Ghre-
lin-GHSR R Al fig%f SGA 8 AL i 8 — At 2
YEFH . M4 K 3] 40 H R, 8 AR KA BLL AR B
ARKAT BRI BRZ1 7Y Ghrelin F1 GHSR R K 2 1
R R KEIZES 7R Ghrelin-GHSR R 4t 1
S AR (A AT A K 1% F B B B B e TR AT
§L40 HIBLIAT. {2 Ghrelin-GHSR 8538 A= £ 119
FLRHLHI DL SR HoAth N 0 i B 2 2 5 R4 v
HE— 5%

(& % X ]
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