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ABSTRACT Objective: To explore the effects of ghrelin signaling pathway in the lateral hypothalamic (LHA)-ventral medial nucle-
us (VMH) on feeding choice, gastrointestinal motility and spontaneous activity in obese rats. Methods: The expression of ghrelin receptor
in rat LHA was detected by immunohistochemistry. To observe the effect of LHA injection of ghrelin on the movement and spontaneous
activity of gastrointestinal tract in rats. The VMH was destroyed by electrical damage, and the effect of LHA injection of ghrelin on the
feeding of rats was observed. Results: Immunohistochemistry showed that there was ghrelin receptor in the LHA, and there was fiber pro-
jection from LHA to VMH; After microinjection of ghrelin into LHA, the normal diet, high-fat diet and high-glucose diet of obese (DIO)
rats and obesity-resistant (DR) rats were higher than normal rats, but pre-injected with ghrelin receptor antagonist [D -Lys3]-GHRP-6
(DLS) can block this effect; The electric damage of rat VMH significantly attenuated the feeding effect of ghrelin on normal rats, DIO
rats and DR rats. After microinjection of ghrelin into LHA, the activities in the X-axis and Y-axis increased in the spontaneous activities
of normal rats, DIO rats and DR rats, and the total activity increased, but the activity in the Z-axis direction did not change significantly;
In addition, the gastrointestinal transit rate of LHA injected ghrelin, DIO rats and DR rats was significantly accelerated, and the gastroin-
testinal transit rate of DR rats increased more significantly, while pre-injection of ghrelin receptor antagonist [D-Lys3]- GHRP-6 (DLS)
significantly blocked the gastrointestinal transit of ghrelin. Conclusion: The hypothalamic LHA-VMH ghrelin signaling pathway can be
involved in the regulation of feeding selection, gastrointestinal motility and spontaneous activity in male SD rats.
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JIRNIBE G0, A4 HEACER o ghrelin Fip (RS SREIFESS N RS i
Xt FHAE S LG 2 G E T, Jeai ot kB, HAR sz Ak
AR ERML IR 2 1a(GHSR12M, PR TGI8 2 K 4 2
A0 JE 5T ghrelin, & GE 1 25 34 0 A= K 5803 (GH) B L, 2R
ghrelin BA5f2#F GH B /E Y, CAPFRIEY] ghrelin &
LR P FEA O, A FE R T MRAR / S ERIRAS , BT, A
TR, Bph TR Ha™ . Ghrelin REAE I 5 AR, AB 1M
FERUBIFRACES, %% N (iev.)TESS ghrelin REMS i 2 1T A Bl
AR AR, I, Ghrelin BAh BARFEEARAY(S 5 (% -
M), LAFE e AR B AR X RE P4l Ghrelin FERPESZ (K
GHSR1a RERSZE AR ghrelin, 75 AT R KGR
B AR ghrelin R4 2 B B 5 AN MM ™ A8 R B
JiR BT B0 A A A ] 2 T S i/ B Y ghrelin, A
DERIIAE T Fii 5 AL (ARC)N G M, IESEALHY ghrelin #E
Bl 4 AN B shU™, — 7 1, ghrelin 38 iE & S Ak
FEE ST WA BRI ALRER ) — 5 T, ghrelin GEAE 4 40 £ A Y
E IR AR S W N s BRI, i B8 HEZS 0N s s T
RIS BB, X LEF) ) RIS IARN -G AR AT R A A
B P E T AR, SR T , ghrelin 3848 25 45 Y 22 i 1 st
() R T i S i, AT R B 1 45 L B[], FEAM R ZH 27
ghrelin 7] {8 52 Wi ik 5 22 B, Bl 736 2, 3 3 40 W 1 i K A
I, KRS ghrelin 7] B85 oAb 2 A BV IE R 2 5
PP B B, Sl BBFST R, ghrelin AR T34
GRFEMZEREREX IR, T £ HESAEH , Ghrelin ) =Ff
BB IR F i 38 2 5 3 00 i 5 5, 3 A 0K S i 28 B A B
I RIS PN A o, DT K 3SR W VR B, I
b, ghrelin w] JaJE R OC THE il Ak 847 R R X B 1 3l
WA AZ RN A5 - B JR e, R, ghrelin B T353R i =] 4%
FRI R B AR U A, FTREIR S S5 IR AT N IR T B,
AW AR B LHA it {45 ghrelin, SR FHA: #4071
W HX R B IR A R R T s, B 5T R &
A8 IR 10 1 28 BRCFN 32 R G P 22K YONPY), BT | - (R B %
A K2 T2 R (POMC),, Tl BR LRI AH DG 26 (1 (AgRP), 1] R E IR
TR AE DG S ) (CART) R B 1 B 2 B R BTk % (CRH),
MCAR(E K [T ) 1)K, 25 RARE R .

1 pR 5 07

1.1 sEI8zh¥

BAEREME SD KB, AR T 7E 180-220 g, 8 JHi% , T35 1%
WYL T, WTE IR (25 1°C) BRIEHOLIN 12 hi12 h,
H HPOKIE . S IAET, RERESE 24 h (HA] 3 KoK, BF
A ShYEAE Gl 5 R S5 Sh ) A AN A BT %) . BT Ay
S A B 5 ST S O bR
1.2 DIO XFR#A DR K FRAERI 2 57

KB B PR 3R 7 RS, KRG TR IR Ik (4.487 T /
BEs BT TO%IERIERL, 10%ZE B HS , 10%5853H , 10%E &4,
10%587H , 1% IR FEIEE , 3% & 1A 6% N804 . MRFE 7 FJS,
WA v MR TR R L2 X R £ 1A [ e , 43 L AN
WML : RE R 13 KB E O IR &5 AR R (diet-in-
duced obesity, DIO)K i, A F f AR 1/3 KRB AL REIT

Pi(diet-resistant, DRYJCE, i H1H] 1/3 KEFEAH . HAKKR
T IEH SR EH3.435 keal/g) SR 7 A, T A ] BT A7 KR Bl
BIA oK.
1.3 EEA

SCIRHTR AR B, R EUE IS b Z e Ghl &l
100 mg/kg), BRI [ I 5748 74, R4 Paxinos &Wat-
son K BRI BT R% P i S ASCE A7, LARTIXI R R A, B 7 T Fe i
MU X LHA(FTIX 5 1.3-2.3 mm, 32 FF 1.5-2.5 mm, 3 8.0-9.0
mm), #i A —H SR ENES B8 H A 8T E
FRETE, RJG KRG THUE R AR GG KFIRE
— G , #T e L

Bea , BT R E AR A W , AT R Y ) LHA o
SRS T S I R VAL, R R U I 1 [T 7, DA Sk B
FilVE 5O wm IR PKAYI A, BT N LS 25 M v B A B T
iR
1.4 B#i% VMH

BRI s 5 3G 24 Gl 100 mg/kg) , SRR ] 5
FISLAE AL, HR4E Paxinos &Watson BRI &1 1% A &2 v
S DL, AT X 2 5, 2 00N B B8 A% VMH(RT X5
2.8 mm, 327F 0.4 mm, %% 9.8 mm) ¥4 1F % B, DIO KK )z DR
R 2 41, XU 58 (Damage) VMH 25 FI i 451 85 (Sham)
2H o FH LA BRI S8ORLN VMIHL 4 R AR 3 A R BRAU VMH,
WL 5.0 mA ERHL, FFLE 5 s, AT 3 UK R S 4 R AR I
FEL AR I AR K BB VML, {E2AS 38 DAL o

SCHEE R R B VMH MK Y] A, R 50 um,
Hhtearygeta, 36 LBk i, R0 B TSR B AN
VMH WEdEsZ A
1.5 W& FITIERMEEANK

HR B (=5) AR AR Lo Z (100 mg/kg , 5 /I )RR - 1]
ETEARE (%% B (Narashige SN-3, Tokyo, Japan) |, ¥ 0.2 uL
1 3% (Wiv)F 64 (FG IR AEZE IR /K ST 2 VMH 1, 7 R
J& R HZ (100 me/k)RISR FRUFE o WSk ab st . KB
JEIEETE ST 10% 47K 5 SR RRIE(0.3 mL/100 g) , K BRI A4 K BRI
EFIRES L SER2AT 250 mL 0.9%fAEREER KT 250 mL 4%
ZRPEREERE ., BREWESLBUNG, BT 4% P
4-6 h, BT R [ 2 , FHE T 30%BEMHA R K (4°C) RHAVKE
YA ALK BRI 15 m B8 oK I e 32 B 811 /N
ODFEREER L B T, Sl TR,
AT EISMUNX AT Z A FrA YR CT -20 C kA #EE
UAE, L& T — s gLk et

PEIL LHA IR MYl R, e la FIXGE K Fi 0.01M PBS
VR4S 3 IR, VIR T IR TP B IRZE s h b TR B 2 6 R
JETRNE & 21 E B A IR R R, A A 30-50 pL,
FREEERE, ZEGE 1 h, BRI —PU, BIBT ghrelin
TGRSR IR Z e EDUA, 1: 400 TR, ), Ko ar— i i as
AETIRET, 4 CRGEEEANE). PBS IRPEY 3 Ik, K5
WMZEEER Cy3 Fmic M —HOLFEPif, 1: 500 # f), SR &
2 hGEDEHRAE) . WO R R, ZO0 g T ST A
1.6 LHA & iE 5t ghrelin 3 A RIBEERER BEEHHEM

R T WS LHA B i 5 ghrelin % K BRUOE %0 & AR IR
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B RPEFRE K A R TE SR, B 1E R EL, DIO KR A DR
KB R 44, 45 2. (1)vehicle 41 ; (2)ghrelin 41 ; (3)
ghrelin 52 {4 4% #T 7] ([D-Lys3]-GHRP-6 (DLS)) 4 ; (4) [D-Lys3]
-GHRP-6 (DLS)+ ghrelin 21 , ¥ KEF%EH L6 E sk
i % 45 (CLAMS; Columbus Instruments , Ohio) %5 7 L) i& i #1455
FAESE — IR Z AT IR A G S50 4 K. CLAMS #4t
AT 0] T E R A DL RS B OKT-, FEED R
PIREY ., EHA YA BRSNS TR e =8, &
ZEWEIN 4 /NA
1.7 LHA #4255 ghrelin Xt X R B 5 EEIE 2200

AT LK R LHA 1 5 ghrelin XF & % 18 % 12 8 R
(GITT)(W g , A T3 1ok WS R0 3 o8 s et (%) e (o] 47 0
W, AR B A B Bpoph ) S8 b, 385 A8 Rt Y 0.3 mL 696

B | LHA /) ghrelin 34k % % fR M4 A Rk
A:LHA R3Ek & S PR{E4RA; B: LHA i ghrelin A& RMEMAD; C: WK E S ghrelin B GEERERLMEZIT; D: KRIME L LHA {i
BEUERE)

Fig.1 Expression of ghrelin receptor immunoreactive cells in LHA of hypothalamus

AOA AT I R IR 2L, V5 T 0.5 % H L4 48 K) . 8 H F 4
s AETARZE P AL . SIS, FFARTE SRR,
KRR, R — LS EHE SR R]
1.8 GEit= a0

A SPSS 18.0 F11 PPMS 1.5 B4/ Mkl , Birfy Bt 44 L
(xx SD)FE7R , ZREARIEL LR B R 5 225007, W [ B
ARV AR t K056, P<0.05 S22 R A G4 X

2 R

2.1 TEf% LHA H ghrelin 3244 S22 FR{E LRRBEY R 1%

P PEY A0 TR TE T Mt LHA N 0] AT ghrelin 27 {4
G RERHPE NI A9 3 35, B VMH JESF FG, 7] 78 LHA rryigg
NG G HPE AR Z T 1),

A: FG-labeled neurons in LHA; B: ghrelin-IR neurons in LHA; C: Double visualization of FG-labeled and ghrelin-IR neurons; D: Diagram for the sites of

the LHA (red area) according to the Paxinos and Waston

2.2 Ghrelin 3¢ K RIBEEEF RN

KB LHA R 41 ghrelin J5 , 51E®CEAM L, mAE
REREHRESRTERRE, HRIEREBA R D&
(P<0.05, 8 2A,B #1 C), FEIEHIREHH, KEl LHA 351
ghrelin J5,DIO JFlJ% DR K B & i i 25 5 1R H K E(P<005,
B 2A); [l R 76 BRI A K Bk & 4, KB LHA fifi:
TEHF ghrelin Ji5, DIO KB DR K B & i 2 m T IR H KR
(P<0.05, % 2B,C), ikl LHA fif i 5 ghrelin SZ&F54157
[D-Lys3]-GHRP-6 (DLS)J5 , % K B % £/ FH T ghrelin 4547
R (P<0.05, [& 2A,B 1 C); H ¥ &) [D-Lys3]-GHRP-6
(DLS), ghrelin X7 B 2 48 £ 15 I B i 9055 (P<0.05, |8 2A,B
F1C),
2.3 HR% VMH XA RIBEEMNEIE

T HRFER B LHA {354 ghrelin Ji5 275l VMH
METCRFEERN, ASCEE S B SRR VMH J5, oK
LHA {74t ghrelin 5 , € E 7 KL . DIO KK DR K
U R, 255 B 7E1EH KR .DIO K & DR K
o 5B +ghrelin 41 A1 L, B 5% +ghrelin 41 K R
B (P<0.05, & 3A,B,C), H 5% +[D-Lys3]
-GHRP-6 (DLS)414H [ , #1451 % +[D-Lys3]-GHRP-6 (DLS)ZH K
U &8RRI 28 /0 (P<0.05, % 3A,B,C),
2.4 LHA #&E5t ghrelin X KR B & EIRIRZ00

KELLHA ffit i394 ghrelin Ji5 , 1E % K L. DIO K& DR
KRB X Al Y Bl 1) b3 sl in(P<0.05,4A, B), HLELTE 2h

JIn(P<0.05,4D) {0 Z 77 7] L3 3 JC W @ B A8 (P>0.05) . H. DR
KB A & TES) BB 5 (P<0.05, & 4A,B,C I D), X %] DR
FKERARHUIE 0 T REJR R &3 sh i s
2.5 LHA 257 ghrelin 3} K R B IFE 5 1E R IR0

R THERAEEFESFOEMNEE S KR E WiEZ %
ARG, E O3 5 I KBRS U HE ) B ], LR K R
BB %, 4558 BoR 51E% KEA L, LHA 4} ghre
lin, DIO K Ff A DR K B H i s 3 W 5 fin t(P<0.05, [£15),
H DR K B #4132 5 S0 Jin 5 R B (2. (P<0.05, 8] 5); LHA fo
14§ [D-Lys3]-GHRP-6 (DLS), 5 NS {2 AH LE , 1B 5 KB
DIO Kl &% DR K FLiY B 5 iz v 2 B i el 12 (P<0.05, [/l 5), iX
KK RBEIFE RN A8 B s A0 C,
3 9HE

ARSI T H R KR T i LHA-VMH ghrelin {5
MRS 5 F % K H DIO KB % DR KBS ks
B Wi R K A R ISR 851 Eon, KB LHA s
d4t ghrelin J5, DIO K& DR KEMIEHIRE . mIBKER
FERESE TIER KR, BSB R EmA R & 02, E
¥ ghrelin Z K447 [D-Lys3]-GHRP-6 (DLS) . 2 LT 13 il
FER s RS8R B VMH B 3505055 T ghrelin MR EIEH . K
FLHA {754 ghrelin &, 1E% KR .DIO KUK DR KA
A& EST, X .Y Jhdrm FRgiEshim, B AIEshHm, A
Z iy 1) 13 sh T B B AR s LHA fit i3 44 ghrelin, DIO K ),
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e DR R BRH B iz R BT wn bk, H DR KRS #4iz i 5d
N g WA A, I ST ghrelin 328454155 [D-Lys3]-GHRP-6
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Fig.2 Effect of ghrelin on feeding selectivity in rats
A: A: The effect of LHA injection of ghrelin on normal dietary intake of normal rats, DIO rats and DR rats; B: LHA injection of ghrelin, high fat diet
intake of normal rats, DIO rats and DR rats The effect of C: LHA injection of ghrelin on high glucose intake in normal rats, DIO rats and DR rats. Data are
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Fig.3 Effect of electrical damage of VMH or ghrelin adminstered into the LHA on the food intake
A: Electrical damage VMH or LHA microinjection ghrelin on normal rats food intake; B: Electrical damage VMH or LHA microinjection ghrelin on DIO
food intake; C: Electrical damage VMH or LHA microinjection ghrelin on DR rats The effect of food intake. Data are expressed as mean * SEM, n=5

rats/group

*P<0.05, compared to sham+NS group; “P<0.05, compared to sham+ghrelin group; * P<0.05, compared to damage+NS group
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Fig.4 Effect of ghrelin microinjection into LHA on the spontaneous activity of rat
A: effect of microinjection of ghrelin on XTOT activity in rats; B: effect of microinjection of ghrelin on YTOT activity in rats; C: effect of microinjection

of ghrelin on ZTOT activity in rats; D: microinjection of ghrelin into LHA The impact of total mouse activity. Data are expressed as mean £ SEM, n=5

rats/group

*P<0.05, compared to vehicle group
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Data are expressed as mean = SEM, n=5 rats/group

*P<0.05, compared to vehicle group; “P<0.05, compared to ghrelin group

ABIFGE B Sl e AU 2= e (B Y VR UESE T LHA
FEAE ghrelin ZARAFE, Halad KR VMH i foot4:,
FIADE A ATIBEE R, JESET LHA 5 VMH 2 [8/ 4715
FE I, O N ORI SEURER AL T A B R 2
LHA F82 5 MR- T e, FERERE T, il
LHA Af it R B &, A5G i 7] 15 % K B .DIO K
J DR KEUF Ffili LHA B35 ghrelin(3 wg/pL) i H 32 (44
P15 [D-Lys3]-GHRP-6 (DLS)(5 pg/uL), WL ghrelin & 75 fEf%
T RRMEHERE . SRR E SR ENEAL, UK
LHA #h ghrelin Z &2 7525 ghrelin X AT 5, 45
KIK R LHA fiF 44 ghrelin J& , 51E R EAM L, &5
WERERREHSFTEFRRE, HERREEARY SR
o AIERIREA T, KB LHA & d 4t ghrelin 5, DIO KR
K DR KRB R DS TIER KR R, E8 iRk ad X
EE IR E T, KR LHA i id 44 ghrelin f5,DIO K iR & DR

KA R TIEH KR MR LHA fidg 4 ghrelin
ZARFE PRI [D-Lys3]-GHRP-6 (DLS)J5 , ¥ K BB A
ghrelin {4 U0 5 ; HL 173 5F [D-Lys3]-GHRP-6 (DLS), ghrelin X
KRR fE I sk, B0 LHA i ghrelin 57 (& 7F
ghrelin ¥ & AR D R EZ/EM . JeniifFsE R ghrelin
S5 L2 B R AR T BEAR / B BRRAS | AR A L RE
Fads Il TR A2 B, Ghrelin EAS 1T B AR BRI
FEFBTIAACIEY PRI ZEARBIF ST, [ T %% ghrelin K Rl
BHYAS , B IEE T XK B &% B Rs2 . KB LHA fifdiE
5t ghrelin J5 , IE% KB .DIO KB & DR KM A &G shh, X
B Y SO T TR ShEE N, RS ShE N, 5 Z fho BT B
JCHI L CEE , H DR K RUA &6 8h W L Jeniias 20,
JERIERESHLR =4 T A R H R IE L, ARSI RSRE N &R,
I FLIst AL P 25 1T Al A1 s min AR A R, DRI, 7EAR
FgE b, R4 DR KRB 8 T 1E % KR DIO KRR, (H2
HURTE R, B AT RER I [ & TG sh i i 2 gl & e DR K
F , ghrelin 75 5 (1% A & 36 2l 3400 7= A= 04 61 5 1 B 0 0
ghrelin i5 51 G 22 7= A 1 E RE

REAEA Y 200 VMH J& T B IiEL i Kz A, B H A
A D S PR L S A SR AT O, AR g e S 4
WAFEEE T EIESE T LHA 5 VMH 2 (A fE 765 550 K
I R BRAN A W] BEAFE LHA-VMH ghrelin {5538 % . 7£1F
H R RL.DIO K fl & DR KR, 380855 T ghrelin ffE45
fER, X W] LHA-VMH ghrelin {5538 }% 7] 82 5 84 15
JCEL.DIO KL DR K EIIEETT N

A S hy i — AR ST ghrelin %ok B €0 I8 35 10 7 ML
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