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ABSTRACT Objective: To investigate the growth hormone secretagogue receptor 1A (GHSR-1a) expression in the hippocampus;
and to explore the influence of ghrelin on hippocampus discharge GD sensitive neurons; explored the neural pathway between ARC and
ghrelin neurons in the hippocampus, and the role of ARC in regulating hippocampal and gastric motility in discharge. Methods: The dis-
charge of hippocampus was recorded in vitro and the gastric motility was measured in conscious rats. The expression of GHSR-1a in hip-
pocampus was detected by PCR Western blot and immunofluorescence histochemical staining. The projection of ghrelin neurons was de-
tected by retrograde tracing and immunofluorescence histochemical staining. Ghrelin - double labeled neurons and GHSR-1a expression
were observed in ARC and hippocampus. Results: Ghrelin or ARC electrical stimulation could stimulate gastric stretch sensitive neurons
in hippocampus. Pretreatment with the Ghrelin antagonist [d-Lys- 3]-GHRP-6 can completely or partially block the excitatory effect. Hip-
pocampal injection of ghrelin can significantly promote gastric motility, and dose dependently, and this effect can be blocked by
[d-Lys-3]- GHRP-6. Electrical stimulation of ARC can promote gastric motility. However, pretreatment with [d-Lys-3]- GHRP-6 can at-
tenuate these effects. Electrical damage to the hippocampus can attenuate the gastric motility, which is produced by electrical stimulation
of ARC. Conclusion: Ghrelin plays an important role in promoting gastric motility in hippocampus. ARC may be involved in the regula-
tion of hippocampal motility.
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AR BE RO IG5 V2 AR S T
FEIREI WA, (EHE S 8 LR e A 1
Ghrelin V2 /341 THHAXAIZ R GE, 140, 76T FEA ghrelin 225
T AR X ghrelin 22525 ) FHCIZ, T ek & 35 vt
Jr= e B is s MR YR ARVE, MTEC 25 2 ERE, T
i 2 W R I8 B R AR BT Y PR, AE R i
KL (ARC) , FE35 4 e FH R T4 00 (5 B & TR E EEN
YER, Bn A AY, 78 ARC H & #14% Ghrelin £
BPE SN B R 250, 3 3] ARC & ghrelin #8122 JCAE K
M EBXIL Y, ABFREY, H4 ghrelin 35, KERKNE
ghrelin G2 5 S B, 3 HLJG ghrelin mRNA (3351, i3xn]
AEZRHI, H AT, ghrelin /75T ARC o, K fiig o (% HoAB R 43 2
kAN MR TA% R AL 2 R Y Re i 2
PRI JEAE R A2 3 TAR KOG, S HS S EYHA
FIBER A C, Wang et al 55 A & SUIE A HE I S D g LA
TEER, B MRS B YT (GD) R /il DL Kk B S 2h
SERA NN, B HETR Ik, ghrelin 5200 258 T 55
B8, RN 3] ARC FlE A IE oA RZ 5T .

W p ey iy

1.1 SEezhH

SR BN e Wister RERL(250-300 g), W T3 5 T 5L 49
S FsE s L (I E L IR ) . 35 3 NIREE 22-28°C |
TRE 60-65% B RAGHOCHR ., 43S, H oK. i f 3l
YIEAECHE B R 2= LI s SR AP AR A k) B 35 e
HHE BT By SR S O bR
1.2 HTiEERFGRAN

57T 10% 7K G B RR T B, VB2 3 mL/kg (I i 7
55, IR T 10% 00 KA 40 T TR BV, 51 528 0.6
mL/kg (R G) o Ml S AARRE AR AR, (PP PR IE R
BUARIRAERFTE 37°C AT, BT 30% 5504 0.2 pL(%¢
SR R K R B 5 CA1 X (FEEH % X, /T fE
3.14-3.6 mm, Z- 4752 9F 1.3-2.0 mm, ¥ A 2.6-3.2 mm, #l§fE Pax-
inos& Watson iP5 ). ZEG AL R , 10%7K £ S RE RR
KEL,0.9%4: iR /K 100 mL ¥, 2 )5 4% 2 5 HEE 500 mL
&7 (PB;pH=7.4) , T [ 2 J5 37 RUHURG , 5 B T 4% 25
e 2 h, Z 555 30%FEME 4 Ko VKR L1
% (Kryostat 1720; Leica, Nussloch, Germany),

i B Fy 9% & 1 ghrelin —Ht (2 3mBEPLIA, 1:300 76 B,
Chemicon International, Temecula, CA, USA) il ghrelin 52 {371
{40 h (ZTEpEPLiA, 1:400 F B¢, Phoenix Pharmaceuticals,
Belmont, CA, USA), TEZGCHMB —HiPEHE 2h (£
Cy3IgG, 1:500 # % , Jackson Immunoresearch, West Grove, PA,
USA), {#iff] Leica DMRB/BioRad MRC 1024 krypton-argon
B IREL ¢ :(Olympus, Tokyo, Japan),

1.3 ghrelin 24k 1 ity RT-PCR

KREEEE 24 h J57, 10%/K 5 MERRIE (3 mL/kg, JEET
1), 43 B4 40, i i TRIzol Plus RNA Purification & #2Hi%G 5
B RNA(Invitrogen, Carlsbad, CA, USA), Hifk cDNA & A
kLS 2 RNA i — AN/ i BE (PharmaciaBiotech, Piscat-

away, NJ, USA), 2 pmol/L #5519y LA K 2.5 4~ 5057 f) Py-
robest DNA R4 7iff PCR it K& il i) cDNA (Takara Shuzo, Shi-
ga, Japan), K Bl ghelin 32 {& 1a (312bp) f% PCR 3| ¥
5'GAGATCGCTCAGATCAGCCAGTAC -3' ( # | ) and
5'"TAATCCCCAAACTGAGGTTCTGC -3'(Jz XA, 25 wL 2
ZUH T PCR, fEFF 33 ¥, 94°CAPE 60 s, 64 CHRIRIER A 4b 3
708, 72CY i 90, 2%BEHE UK SR L EEUIEE PCR 455R
1.4 ghrelin 34 1 f§ Western blot

TEACHIE, 1 mL W27 5 vh il P AR 0.1 g iYTRESh 2
ZUREA 30 min, 3 4°C &0 15 min, {8 Tris- 2B EEHEERE (10%
-20% )4 B 50 wg A9 4E 1 5 (Bio-Rad, Hercules, CA, [ ), #%
% B IHIRLF 4 R B (Roth , Karlsruhe, 75 [E ) , If-4£ Tris 2 Wi
5 5% 45984 1 h (10 mmol/L Tris-HCI, pH {8 Jy 7.5, 150
mmol/L NaCl F 0.1%Tween-20)., 4°C % & 1F £5 & bt K
IgGGHSR-1a A1337% (1:5000 #ii#¢ Alpha Diagnostic International,
San Antonio, TX, £ [H ), fE Tris Z¢mEFEL 7K Tween-20 H1iF
PEHX 10 min J5, iR T 0 & 7EHRE S REbRIC i 1L
Hifh IgG # 1 h (1:2000 75 %% ; New England Biolabs, Hitchin, %
), B A4k & 6 (ECL; Amersham Biosciences, Bucks,
W), BT XHLT,
1.5 B4

KEZEE 18 h 54 10 Y%K &S BRI (0.3 mL/100 ), 7F
MEFRIE AT AR E , B IR — RS2, gt =
FENTEA 37 CilAEEE K (3-5 mL, 0.5 mL/s) 45K & BE, HliK%
B REFDCERAZ AN, S0 B Y I U 2503143 25 GD W&t
YT TE L RAS I O AR R Y B L, DAR 0O A
PR AR T 20% 1 Ry 28 0 24t sl 2 M il 1 I BTAm o . 2R3
MLATH IR ZETCREIA N 2 H A SRS A AU 42 S0 (GD-E ) s R Iy
T BN 2 B A kA B 22 55 (GD-1),

ST RN O, RS K RUBUR A5 TL , 2R 8 i 3R
T, ARC %3 2% Paxions-Watson K FRUIN 1% , 44 35 B8 1 A
A ARC (RX 7 2.12-430 mm, 3%7F 0.2-0.5 mm, KJF
9.80-10.30 mm) f ¥ 55 (R <5 3.3 mm, 35 F | mm, % F 3-3.5
mm ), ARC B A 4 EHIBHAMN (HF 20 g/L BRI 110 5%
MM . ZF FH ER UK Lorexin-A L K orexin-A Z {45 Hit 7
SB334867), Mg B A 3 HHIB AL (N FE 20 g/L BHER 15
Fic s HL B L 15 nmol L-1 ) Ghrelin 28 nmol L-1 [ d-lys-3 ] -
GHRP-6),
1.6 KRBIZz

KESLRATZE 2R 18 h [H] A POK. BTN 10%
JKEE W 0.3 mL/100 g FRIEA B, FTTFIE IR BE A 1] -+ 48 %
FEAEAL 0.5 cm WA BITIRTENU ], 45K 7 7 I an 48 T
SRR, PR T B BHERER 23 em, T REE A8 S
WU o RJG R 14 do AR P 1 S K & SRR IS [
FE TSt AR E AL |, 48 HKBRBEPL 7S, B /A H (n=
8)o Bk HURE, IR NI AT M AT CALL 1-3 415351
TASR IR EE AR K 22 1 wL(30,300 5% 3000 nmol/ L), 45 4
20351 1 pL[ d-lys-3 ] - GHRP-6( 600 nmol/L), 45 5 4 VE4T 1wl
VRS (300 nmol/L 4= &K & + 600 nmol/ L [ d-lys-3 ] -
GHRP-6), 5 6 41, %} IR [ S At A /K . SEiT R A &
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18 h, HEOK, SEHETER R RE T28H 1 h 3& MR, KR
TR T H 2 2 300w, B K BB SR S kA
AHTE , 1057 R B WO A BRI B, 4% 2H K BR 45 29 e e
e B e 30 min,
1.7 BRI GHET

— Y G I AR I L 2R R RO Ak (RH NE-100 1
mm> mm;David Kopf {7, B3t ,CA, £ E), i A 5 R
(LB 1SR ) o —AN T Hi Rk v A3 1 2% & 1 50 HZ
FEI I (20 Y Re Ao B A2 ] 0.5 ms )10 s, K T F5 i
CAl £ Bz Ve, B o CAL, Bl FL il 1Ma ifg
T CA1 X 20s, 15 A AR, KRARIUL 5 RKGid®kBia3).
1.8 ZEit=Z o

SCH B DL X+ SEM R, BRI ST Ml
Prism5.0, P T A de sl 408 2 7 225047, P<0.05 SH
Giit2EE L

2 R

2.1 KRED ghrelin ZF la lIFRIE

16 £y GHSR-1a PCR HLIK ™4 347 fib s HH AN F0 A — ok
/NE) 312 bp W (B 1A), 7T %A1 GHSR-1a A , &
Western blot fij#iinly iy 44 kDa([&] 1B), S JE45 M /R 7E i
I CA1 [X3ik GHSR-1a([& 1C),

A

312 bp

S 4 (D2

15um
B I BDERKEZE -1 HRE, BEEKEZE -lafy PCR (A),
Western blot (B)f & K, 1:FAEXE;2: NSH:3:ETHA

Fig.1 Expression of growth hormone secretagogue receptor-1a in the

hippocampus. Expression of growth hormone secretagogue receptor-1la
(GHSR-1a) in the hippocampus of ratsassessedby PCR (A), Western blot
(B) and immunohistochemistry (C). 1, negative control; 2, loading control;

3, hippocampus tissue

2.2 ghrelin X485 GD #H4£2 JT i BB iE Bh A5 0

92 HRRUIGE CAL KHIER3 282 MPZToT, H 146 4
M2 TT(51.77% )% B YTk A BV, Bibfh 2 A GD U260t .
Hodr,95 4~ GD i 17 441 2 70 4 LA 2R BH S 3 m- (A 7.69+
2.33 Hz 3| 12.54+ 3.14 Hz, BCERITRB B IG ) , 8002 R 2%
PERIZEIT(P<0.01, 18 2A) ;51 A~ GD i i fft 8 TC 1 J HL A1 %
W 5 R (N 8.24+ 2.58 Hz | 5.36+ 1.97 Hz, jilt B AR W L
i), BAZE A HI 250 (P<0.01,/ 2B), {44 ghrelin F|
155 CAL X GD #Ufpi£ ot 4T ghrelin J5 , 78 95 %25k
fgeoirp, Hoh A 58 M TT(61.05% ) B BTG , 22 2T
BN, 15 S PhZE ool s s 78 51 AR 200, 26 4
PIZETT(50.98% VBT , 14 MZITgedngl, 11 2okl
Ak SRR R, AR K FE T CAL X GD 4ot B 2%
AER. A KR ZREP5 d-lys-3 GHRP-6 fiibH)5 , /&
K FEH T R BT (B 2) o A2, B —7F 5T d-lys-3 GHRP-6
XHiE Ty CAL X GD M2 R MR . Xt HRLLTE ST 0.9% A9 4
PRAN AR A: £ R 1R Sk
2.3 B 5E 5 ghrelin Xt BiEshEI 20

TEANTI R BRRE, VST ghrelin f5 ' W54 52 R0 H i 70 12
%)y BN, 5 1 A B Ak X BE ZH AH L (P<0.05 - 0.01),
TS ERFE KL 5 min J5, B I40 iR A LR, FERERKE KR
29 10-15 min J7 , B WS4 I BT 27 5 W1 (8] 3B-D), 4 1 4
LRGBS B4 A (K 3F), MEH [dlys3]-
GHRP-6 T A R ER /K B, B 4 i 2 180 A7 28 1K (P >0.05, 5] 3A
ME),

2.4 SRZFAAXENERK ghrelin #EZ T

Kt 2 CA1 XS} 0.5 5 lin brudsed: S ERE, 5
R FG ARc ook £ 8 A (K 4A), i ghrelin {4
LR G bRIL ghrelin #2550, AR R BLLT A 9OG(B 4B), 5
A% R L8 FG bR ghrelin #i 22 50(E 4C), HEN = RA%
19— ghrelin #hZ85CH %8 1] REAE (i E)i5 55 CAL X,

2.5 BRI S ®KZNTESNEE GhrelinGD SR 4 T B &
=210

LI ARC #2200 hY , MER M) CAL X GD ot
BITCH G 3o 58 4 GD Mg PEf 20,38 A & o0 % A
(65.52%), 12 A Mool 8 M4 oc A 484k, 26 4~ GD
MHIPERZTT, 18 ML ITAT (69.23%),3 MHZITid, 5
MG TCRA AL, 1§D CAL X TRES 4 K % 2 R PR
[D-Lys-3]-GHRP-6 {4 [ i 4l 38 =5 IR AZ X GD U 28 T 1 2%
FVE,GD MAFHEMZIT (9.58+ 3.5 [4 7.72 2.90 Hz,P<
0.05) 71 GD Ml A £55(8.01 2.99 ¥ 6.11% 2.23 Hz,P<
0.05),

3 9t

FRTHOBFIE B, W55 CAT K34} ghrelin AT LIS K £
Bty GD #iZt, I ELAENE X it 1 ghrelin 22 1A {2k i iz
B, A, IS ARC ] RIP AR GO, e T IX v 4T
[D-Lys-3]-GHRP-6 AE% 4> BELIBTcRI 7 T . Hudit 541 o CAL
X AT LD 55 0 3 0 B 4 T, K e 2 7 1 o i
ARC PR, 0TI B S 00 R G B S (2 e (. 5280 %
FG {E A CAL X, AEiE IS FG-ghrelin (1 SUBRiC (4l
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Z2I07E ARC FhEIK FEIG S X, AT LIE it PCR, 2B B, S ARC FIIG 5 2 [l M, I H& 5 B ia sy,
DY A ghrelin 374 GHSR-1a, iX3EH] ghrelin #1258 507F

A
GD NS Ghrelin [D-Lys-3]-GHRP-6

14 ! Il ! | Ghrelin

10 |

Spikes/s

16 GD NS Ghrelin [D-Lys-3]-GHRP-6

14 | | ! | chrelin

12 l

Spikes/s
S

60s
B 2 i85 CAl XiES} ghrelin #1 ghrelin ZEFEHFI[ d-lys-3 ] GHRP-6 Xt BE KL T BIRZEMIEM . Ghrelin 2 BEIE NS EFRHETTHIR
=

BENIMSIMMETT(B), BMF ST AEE K[ d-lys-3 ] GHRP-6 Xt B Sk TR B M. 5
d-lys-3 ] - GHRP-6 Fi4bI2 5, ghrelin B91EFH 5o
Fig.2 Effects of ghrelin and the ghrelin receptor antagonist [D-Lys-3]-GHRP-6 on firingfrequency ofgastric-distension (GD)-responsive neurons in the

BIE, A ERBERNTEMETIE

CAL region of the hippocampus.Application of ghrelin caused a significant increase of neuronal firing frequency in both GD-excitatory(GD-E) neurons
(A) and GD-inhibitory (GD-I) neurons (B); administration of either NaCl (NS) or [D-Lys-3]-GHRP-6 alone had no effect on the firing frequency of
neurons. After [D-Lys-3]-GHRP-6 pretreatment,the ghrelin-induced excitatory response wasabolished.

F 1 XRBDFIFHARERE ghrelin 3 B ARIRE Mt 5)

Table 1 Effects of ghrelin on amplitude of gastric motility in hippocampus of rats(xt s)

Group 5 min 10 min 15 min 20 min 25 min 30 min
NS -4.23+ 0.92 3.36% 0.86 2.65+ 0.78 3.02+ 0.92 2.16x 0.56 1.03+ 0.26
Ghrelin
-3.03% 0.84 15.32+ 3.29* 5.17+ 0.99 4.69+ 1.03 2.49+ 0.67 0.98+ 0.22
(30 nmol/L)
Ghrelin
-3.36% 0.96 60.32+ 16.23%*: ¢ 45.69+ 11.32%*:¢ 5.38+ 0.87 3.58+ 0.81 1.16% 0.29
(300 nmol/L)
Ghrelin
-4.37+ 1.09 85.51% 19.36** 4% 90.09+ 25.54**: 2% 3546+ 10.98%*:*# 4.88+ 1.06 1.33+ 0.27
(300 nmol/L)

Note: *P<0.05, **P<0.01,VS saline(NS) group; * P<0.05, ¢ * P<0.01 VS. 30 nmol /Lghrelin group; "P<0.05, #P<0.01 5 300 nmol/L ghrelin group.

2 XRBDFIFHARERE ghrelin 3 B AL MMt )

Table 2 Effects of ghrelin on frequency of gastric motility in hippocampus of rats(x+ s)

Group 5 min 10 min 15 min 20 min 25 min 30 min
NS -3.21% 0.96 3.57+ 0.81 2.58+ 0.61 3.88+ 0.89 2.03+ 0.69 0.96+ 0.24
Ghrelin
-4.39+ 1.03 11.32+ 2.21* 5.44% 1.05 2.66x 0.72 1.09+ 0.25 1.04+ 0.21
(30 nmol/L)
Ghrelin
-3.59+ 0.84 2536 3.69%*: 4 18.48+ 4.65% 4.63% 1.11 0.89+ 0.28 1.25% 0.27
(300 nmol/L)
Ghrelin
-3.26x 0.91 35.514 9.23%*: ¢ 36.22+ 8.3 ** e 14.01+ 2.98**:# 1.05+ 0.29 1.36% 0.21
(300 nmol/L)

Note: *P<0.05, **P<0.01, VS saline(NS) group; * P<0.05, * * P<0.01 VS. 30 nmol /Lghrelin group; “P<0.05, *P<0.01 5 300 nmol/L ghrelin group.
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A NS

!
MMMMMM

30 nmol I~! Ghrelin

MWMMWMM

300 nmol 1= Ghrelin

.

D 3000 nmol I=! Ghrelin

WMMWM%WMMA

600 nmol |1 [D-Lys-3] -GHRP-6

M“MMJJMMMWMW

F 300 nmol 1! Ghrelin + 600 nmol I-! [D-Lys-3] -GHRP-6

!
RTTINY I TOR W NTTRTNTV TR W PPN | SR T P

5g e
5 min
E 3 RRED CAl REHAERENERKEF[d-lys-3 ] GHRP-6 M BIEFHIEN, (ERAMESE S HHHIER, EiFD CAl XiESH Ghrelin J5
Bl EEEEM(B), ENEKEFESHBEINH—SEM(CF D), SEEEK(NS)A L BMmFS d-lys-3 ]-GHRP-6 5 F1 ghrelin ££
EliES, BESHEREREER(A),

Fig.3 Effects of different concentrations of ghrelin and [D-Lys-3]-GHRP-6 on gastric motility in theCAl region of hippocampus. There was 5 min latency
after administration of ghrelin in the CA1 region of the hippocampus. After administration of ghrelin in the hippocampal CA1 region, the amplitude of the
gastric contractions increased (B). Increasing the dose of ghrelin administered led to a further increase in gastric motility(C and D). There were no
significant differences after the administration of [D-Lys-3]-GHRP-6 (E) or amixture of ghrelin and [D-Lys-3]-GHRP-6 (F) compared with the saline (NS)
group (A).

6 um

B 4 SARZITHH ghrelin SEFAEMZTHRIE, BD CAl KiES FG /5, ghrelin FRIEMZTT(A)FTELARICARE(B ), EHARZHE T
ghrelin #Z T7E R — ik PR EEE(C),
Fig.4 The expression of FG- and ghrelin-immunoreactive neurons in the ArcAfter FG injection to the CA1 region of the hippocampus, ghrelin-IR neurons
(A) and FG-labelled cells (B) were found in the Arc in the same slice. C, double visualization of FG-labelled cells and ghrelin-containingneurons in the

Arc in the same section.
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Ghrelin S Rz JBTER 52 (A 0 71 LK AR B8k P9 TR
PERII BN, Ghrelin K ZHURAE B & AR5 BEilGH ATE3R
R0, XA TESN A5 ghrelin FFT LURIEA: KM 1Y
O3, e B AR A FIA EE A3 N0+, S — i i fiz ik, ghre-
lin FEAFAET B D, s 8 i, X R e 6e
S BT REEVER . T ghrelin (45K 5 B sh Z L5
o1, ghrelin X4 & M sh 1 9 E A BT o W58 R BHAEmG 15
Fshyh, ghrelin 1] LU B He2s 009, 50ASVE W] LAEBTHE S
S U Wk 2 A 28 BT BELIT ) PR ) ghelin 2 R RS 8 20 D
BRI, I HLIRAS B =W . —Fh oM E5 %] T ghrelin 55
THALT ] B 12 S AR 17 R SR AN T 02, RS R &
B0 ghrelin SZIARAESMNE G B, ghrelin £ Xt 3Rk, SR
W5t M, Ghrelin 3ZfA& GHSR-1A FEiff 5 X A Fik

VERING R G —F 7, 1 DX T M e 12 8K Hi012
PR3 () a6 e 5 B AV E SR, SR —Hi X A,
Z: 5 AEia s LI FNE BT R, — IS¢ s, ghrelin X
I FE AR SR B 5 B e BT, A X T 2 (42 )
FJ GRS B A SN SR A2 T HL IR TR
WTR), R T f R AR Al R A A R 2 1ol 6 v B B A
AR, 2 ghrelin {414 5 51X, H & B E T, Ghrelin fji%
S X BT DA bl TAER RS, A KRBT L A &1
BHERN, FEHE X, Ghrelin 7] DL 5 B:5 S AR A 2 AT AR 4N 1
I 5 54k, IT BRBIE AL TG Th o Ml o] M i B TR eE Ca™ Ay
FF g,

BATSCHTRIRTSEIER, 5 CAl XAE Tl B 32 kiU
Pz Te®), FEFRATH AT RATFSE T, A B R B 781 T CAL
XA GD Ui 250, 7R D IX 4T ghrelin A L% ik s
40, 3% GD-E f1 GD-I #1250, I+ HAZ#E B 123l , [D-Lys-3]
-GHRP-6 ] LV Rk AhE o i S 3 Wi 2 T LIS 2ok A
BIAE RS RS IX, MG R) ghrelin 7] 38 i3 H A7 (42 iF
BiEdh, HE%AE2EE GD-E % GD-1 & ocnl LIS
5025, Bizsh il GD HUBM 2702 MR nT AR B
FEh ik — SRR, Ghrelin G BHPE #2250 2 A2 AL T A
LR FRARARE S = E T T O T e
A T IR EE 5542 T i S R Az =2 (8100, Ry T A & A
ZIE R B Bl BRI S A D Re 51 ARC, i 55
F| ARC, FRA AT T TIB ER

ARC R TT YRR, (T Bl o9 00 3 S350 , 4B %55
SHNE LR, T E A E SR IE R, ARC AT U4
— B2 LIRS . ARC IRA S 2 BIEFR A R0, 40
WA R RS RER FEE, ARC R 1S
ST R S R EELS ), BE R B AR R RIS
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