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Abstract

AIM: To investigate the effects of gastric electri-
cal stimulation (GES) on responsive neurons to
gastric distension (GD) in ventromedia hypotha-
lamus (VMH) and the expression of orexin in rat
brain.

METHODS: Fifty-two adult Wistar rats were
used in this experiment. The effects of GES on
GD responsive neurons in VMH were observed
by recording extracellular potentials of single
neuron. GD responsive neurons were classified
as GD-excitatory (GD-E) and GD-inhibitory
(GD-I) ones according to their responses to GD.
GES with three sets of parameters were applied
for one minute respectively: GES1 (6 mA, 0.3 ms,
40 Hz, 2 s-on, 3 s-off) with standard pulse trains;
GES2 with reduced on-time to 0.1 s and GES3
with decreased frequency to 20 Hz. After GES1

was using for 2 h, we observed the expression of
orexin-A immunoreactive (orexin-A-IR) positive
neurons in lateral hypothalamus area (LHA) by
fluorescent immunohistochemistry and the con-
tent of orexin in rat brain by radioimmunoassay.

RESULTS: Ninety neurons in VMH were re-
corded, of which 82 (85.41%) responded to
GD (3-5 mL, 10-30 s). Of the 82 GD responsive
neurons, 31 (37.8%) were GD-E neurons and 51
(62.2%) were GD-I neurons. 55.0%, 17.6%, and
14.3% of GD-E neurons were excited by GES1,
GES2, and GES3 respectively. More GD-E neu-
rons were excited by GES1 than by GES2 and
GES3 (P = 0.002 and 0.016, respectively). Of the
GD-I neurons, 63.6%, 37.9%, and 51.9% neu-
rons were excited by GES1, GES2, and GESS3,
respectively. GES2 was noted to be less effec-
tive in comparison with GES1 (P = 0.043). After
GES1 was in application for 2 h, the levels of
orexin-A-IR positive neurons were significantly
decreased in LHA as comopared with those
in control group (6.97 + 1.51/0.1 mm® vs 26.62
+ 8.30/0.1 mm?, P < 0.01), and the content of
orexin peptide was decreased obviously in the
hypothalamus (112.54 + 11.58 fmol/mg vs 185.23
+15.22 fmol/mg, P < 0.01), mesencephalon (71.95
* 8.45 fmol/mg vs 98.48 + 12.02 fmol/mg, P <
0.05), medulla oblongata (72.36 * 6.58 fmol/mg
vs 101.29 + 15.22 fmol/mg, P < 0.05), solitary
tract nucleus (69.12 + 4.99 fmol/mg vs 89.21 *
9.23 fmol/mg, P < 0.05) by radioimmunoassay.
However, the content of orexin peptide had no
significant change in pons.

CONCLUSION: GES may activate the GD re-
sponsive neurons in VMH and the excitatory
effect of GES is related to the frequency and time
of stimulation. Decreased expression of orexin
in the brain may also take part in the central
mechanism of GES.

Key Words: Gastric electrical stimulation; Ventro-
media hypothalamus; Orexin; Fluorescent immuno-
histochemistry; Radioimmunoassay; Rats
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BE: WL F &R (GES)x K R T L s i 1
M X (VMH) B ¥ 7K (GD)A8 % 4% 2 T ey 45 A &
fizi P 38Rk & (orexin) & A 69 % vd, A1 F KT
GES#j ¥ ARAE A AL

Fik: kA A Wistar K 522, KA pe st
TL AN 2 RALF W T ik, IERVMHAYZ T
B A0 EF, R Z T F KRR
B RE, 44 B KA EAY 2T (GD-E)
Fo B 3K 49 ) AP 2 50 (GD-T). MLEK3LL R F
Ak B w3 (GES1, GES2, GES3)%'VMH
N GD-EF=GD-13 %37 & 49 %577 GES1(6 mA,
0.3 ms, 40 Hz, 2 s-on, 3 s-off) A 47/ 544
GES2#% & # 8 4 af Ms " 40.1 s; GES3#)
B RHOR 08, ) £.20 Hz, H4 A 3034 FIGESL.
KR Jo o R AL BAC T J &, Ty ik et R
SHTEIM B g2 hat X R T o i s X
(LHA)¥ 2%k % -A(orexin-A) a1 A4h 22 70 F=
F) % X orexiné& & A 09 % .

LR VMHIZE 96447 250 F 4 82 /4%
Z70(85.41%) 4 B 47 K &% (GD, 3-5 mL,
10-30 s)A R, EP31IA37.8%)4 B ¥ ik
SEBPE(GD-E)AY 270, 514N(62.2%) 4 B 73k
I HME(GD-DAP 2T, GESI, 2, 3403134467
55.0%, 17.6%, 14.3%#GD-E4Y 2 .. GES14}
GD-E#f 20915 9 5% TGES242GES3
(P = 0.002, 2 = 0.016). 63.6%, 37.9%#51.9%
#GD-I#Y 2 Lo A GES], 2, 3572845, H P
GES2#9 2% &5-1E A4 35(P = 0.043). GES14i%
H £ 32 h, T LIELHA orexin-A %, 7% [ P4 2
TR B Y (6.97+£1.51/0.1 mm’ vs 26.62
+8.30/0.1 mm’, P<0.01); L F fehx. .
3t i Ao IK R A P orexin 2 RS H(IR) 89 45
5t saAR Lo 2 Y (112.54411.58 fmol/
mg vs 185.23+15.22 fmol/mg, P<0.01; 71.95
*+8.45 fmol/mg vs 98.48+£12.02 fmol/mg,
P<0.05; 72.36£6.58 fmol/mg vs 101.29+%
15.22 fmol/mg, P<0.05; 69.12+4.99 fmol/mg
vs 89.21£9.23 fmol/mg, P<0.05), 12 fE@#r A
orexin-IR# 4% 5 st BB 4R AR b £ B 2 £ 7.

ZEiP: GESTT %A TAfE “/ab” -VMHA
BY KA A ZT, A ERY®RIBS
GES R #6930 R Aa i 09 Fr L2 b R A % B A
orexin®y) AKX T 48445 T GES#) F ARAE JA AL,
FERia): B R TERERNE; BERE, RE
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1.1 ##

111 £83h4h KM fEHE R Wistar K FR(FH 7
BTk iR, MERESE &, M5 E250-350 g,
BT E25+£2°C, 12/12 W RIEHRGI&E R
g, B S UK.

1.1.2 S3ALE MEZ8201 U5 F tl UK 8
VC- 1 BRGEI LR, QC-111IRL E 7 ¥ 7
P, SSEW-3301 HL 1 il s, Y HASGH 2
H A,

1.2 Fik

1.2.1 WA I 200 g/LEH (1 gke)A Mk
TS RIEOR B B0 IE TR OT Y O, AT RS
A, BEEIEFHATIIL, & EIRERY) L E N2
Y, CARAE R R AKETE. BN ERIRA
W, AW OIHHAEER —S mLIES 3, Lt
ANAFEERIK(3-5 mL, 0.5 mL/s, 37°C)y ik H, H
PLES ) ik U 2 oo™, B S NS )
5 — e RBeE Y, I EAHEEZ70.2 cm,
SRS, SR IE YO, F RV AL, V1T
i i 2% 25 i 24 1T, VMH % /7 5 i Paxions-Watson
KB P AR BR e A7 AP -2.3--2.8 mm; L
0.5-1.0 mm; H9.0-10.4 mm.
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[0 YHi H, ZeSUMP-PCZEYIE S AL BE R 453k
AT AN T, I P o % H 7. Ll
28 TG TR A A (1) AR A e T 20% A b P28 6 2%
L EANEIFRRR, Z eI Ay AN S Y. Tl
& NGDHURMZTT. 45 F3H AR ZHU H Wil
#(GESL: 6 mA, 0.3 ms, 40 Hz, 2 s-on, 3 s-off;
GES2: 6 mA, 0.3 ms, 40 Hz, 0.1 s-on, 4.9 s-off;
GES3: 6 mA, 0.3 ms, 20 Hz, 2 s-on, 3 s-off)X{
SGDHZ TG A R BORIE I AR,

1.2.2 AL 5 GESTHIWE?2 hn
SLRTFHAE IR IR K. 40 g/LEZ B HEE/PBSZ L
JUERE v o . TSRO, S T GE 2 h, B RE RERE
B, A A LRI S5 AT 106 e bR SR K R
PIA, FE20 pm. #4106 R Y48 [ — K V-4
BR3sk I L, #3865k, iy 440 mL/LIEH
2£1M3%/0.5 mL/L Triton X-100/PBSH#H2-3 h
&, Sorexin-AML L EHIA(L 300, Chemicon
international, CA, USA)F (4 mL/L NGS
H10.5 mL/L Triton X-100fPBSH &) &
40 h(4°C). —Hrik I FHihHCy3-IgG(1 :
500, Jackson Immunoresearch, USA)F &2 h(ii#
J6), 0.01 moL/L PBSyE ST, Hil/PBSHf 7l
(Citifluor, UK)3 ), WOGHIR AL Wi (Biorad,
MRC1024%4, HAS) T W52 G925 FH P40 .

1.2.3 AH ok 8 JBON S il i & i By
TR, INIX A orexin )4 BRI G
For Wl ke A W] P BEAT A, S BCHlorexin
FRUEM (K orexindnif it HIP B SZE RS il sk
100 pL%342.5, 5, 10, 20, 40, 80, 160, 320,
640, 1280 pgffiorexin); orexinfi il iF HPBSH;
B2 1 8 000(orexingli i FlProrexinfiiLif K
EESigmad @7 ). BiPELR o e, T
SICHCG K Fo AR A T 1 A B R K
5 min; Wt 48 F . FRBTE, 11 mol/L
HIR1.0 mLISAI K, FEil F#E100 min. 4
JE 1T mol/LASALHT mLF Al 4000 r/min
25020 min, BB, MR &8N
"*I-orexin 100 pL, HlorexinliLiF100 pL. £ E
11100-200 pL, FRAEE Morexin 100 pL, i BA
TR PR 2R BRI AR 0 R N ARFR A 500 uL; 4°CUKA
WIEF24 hy S5 001 0 32EPTRIMITE100 pL, 4k

1 min

GES3 GES1

WL s

1 min

1 GESI, GES2, GES3X$VMHPIGD-ERIGD- R ST EB AT
VR, A: W GD-EHPEIL; B: RGD-IHFETT.

W E24 h, 4 000 r/mini.020 min, 7 FIE .
WHCIEDI I cpm, HEAE [FIHEINE ¥ i orexinia
Fkh 2k, SKEEEmgd1 23 Horexin-IR 1] 7% 2.

St R AFGraphPad Prism 3.0
(GraphPad SoftwareA ®], 3 ENFATH H404T,
¥ imean £ SDE /R, PAEAIS N LLERK
FHART I, 5 21 i a2 T R 22 Sl P o A 6
P<0.050 7 5041 E L

2 R

21 AR RBER

2.1.1 VMHWAZ T F 4 KA e B 52
FUR BRIV MHIE L 5 29601 28 70 HA Al
824N 1 4: 7(82/96, 85.41%) M GD W
PTG, E82NGD RN EAIZ TG, 51
JG(51/82, 62.19%) JGD-I41Z: 5T, 314N(31/82,
37.80%) N GD-EMZ 6. 45 LU ¥ kM5,
GD-EMZ IR HH1.514+0.33 Hzi 0
42.8440.62 Hz (P<0.01); 1 GD-I#14: 01
HATUR A 2% R %, 111.20£0.20 Hz[%%20.61 +
0.10 Hz (P<0.01)(1).

2.1.2 GES*#GD-Ef=GD-I4¥ 2 T4 4 A GES1.
GES2MGES3 1 GD-EM £ 70 M4 K43 W A
55.00%, 17.64%K1114.29%. GES1J{EH 5GES2
FIGES3MHLA .3 2 7 (P = 0.002 vs GES2; P
=0.016 vs GES3)(KI1A). GES1/E FH HvEs AR
0-120 s, FFLEI[A] 485.56+14.15 s, GD-Effi£&:
TG4 AR FH 1.50 +£0.34 Hz T 52.63
+0.83 Hz. 63.64%, 37.93%#151.85%[1GD-I{f
Z 05y M HGEST. GES2HIGES3Jii Y47, GES1
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2 GESIRIE2 hiGLHARorexin-A%RE R NPBHSETTRIANTIL. A: BRI, B: R,

& 1 GESXiidiAorexin-IRE£8Y80A (mean = SD)

orexin—IRE & (fmol/mgiZ4a4R)

4RIR

BFAXRA GES#H
TER 10 185.23 + 15.22 112.54 + 11.58°
X 10 98.48 + 12.02 71.95 + 8.45°
T 10 66.78 +9.20 59.89 + 5.98
SERN 10 101.29 +15.22 72.36 + 6.58°
MRtz 10 89.21+£9.23 69.12 + 4.99°

P<0.05, °P<0.01 vs B ANIRE.

1EH SGES2IE AL Z 5T B E B X P =
0.043)(&1B). GES1X}GD-I#Z: Ju A HITEAR
WI490-190 s, RFLEI TR 119.26+£14.70 s, GD-I
PRZE LGP AR /11,05 +£0.25 Hz & )
1.4940.30 Hz.

2.2 R LIEAAER RIS A,
BN ALK R FEINLHA N A orexin-A-IRf#HZ:
JCINFRIE. M & TR ECR, RRIEEZ E
PE. 3 A28 TG SE AT WAT orexin-A-IR ) 6%
(K2). Z£GES143#%%E2 hji, LHAH orexin-A-IR
P28 TG (1) 2 35 15 56t HE A AR EE W9 S8 ik /> (26.62 +
8.30/0.1 mm’ vs 6.97+1.51/0.1 mm’, P<0.01).
2.3 A LA EE AGESIHIEE?2 hiE, P
Jis T R i AR R orexin-IR 7 5 5 4
HEZH A L I 292D (P<0.05-0.01)(£2 1), {E I Y
orexin-IR 7 2 55 % B 41 A LU I Y 35 22 5.

3 1Wie

19964, Cigaina et a/”" ¥ e3R8 1 7 HRI AT LA
PR N JRE B B AR i &, IR AT AL T A I
NI S B B R T B D R A T B
VA PP A B 1 AN 9 S B R
I KBTS — PR S G E S H LAY I b i 2
(1 A . A sz e R 1 R PR b v 2 K
440 Hz/0.3 ms/2 s-on 3 s-off/6 mA. WF5T45 R
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