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Effect of exogenous GABA in nucleus accumbens of hypothalamus on gas-

tric function in rats and its potential mechanism
WANG Qian, LENG Hui, LUAN Xiao, GUO Fei-fei, GAO Sheng-li, SUN Xiang-rong,

XU Luo
( Department of Pathology & Pathophysiology, School of Basic Medicine , Qingdao University, Qingdao 266071, China. E-
mail ; xu. luo@ 163. com)

[ABSTRACT] AIM: To investigate whether glucagon-like peptide 1 ( GLP-1) receptor (GLP-1R) signaling path-
way is involved in regulating the effects of exogenous vy-aminobutyric acid ( GABA) in hypothalamic nucleus accumbens
(NAc) on discharge activity of gastric distension (GD) sensitive neurons, gastric motility and gastric acid secretion in
rats. METHODS: Fluorescence immunohistochemistry was used to observe the expression of GABA-A receptor ( GABA-
AR) and GLP-1R in rat NAc. The single-cell discharge recording experiment was used to observe the effects of GABA,
GLP-1 and their receptor antagonists on the excitability of GD neurons in rat NAc. Implantation of cannula in rat NAc and
injection of GLP-1, GLP-1R antagonist exendin 9-39 (Ex9) and GABA-AR antagonist bicuculline ( BIC) were performed
to investigate the changes of gastric motility and gastric acid secretion in the rats. RESULTS: GABA-AR and GLP-1R im-
munoreactive positive neurons coexisted in rat NAc. GABA inhibited the discharge activity of GD neurons in NAc, but this
inhibitory effect was antagonized by BIC and partially blocked by Ex9. Microinjection of GABA into rat NAc promoted gas-
tric motility and gastric acid secretion, which was antagonized by BIC and partially blocked by Ex9. CONCLUSION: Ex-
ogenous GABA in NAc may be involved in the regulation of gastric motility, gastric acid secretion and GD neuron excitabili-
ty in the rats through GABA-AR signaling pathway. The promotion of GABA-AR signaling pathway is partially inhibited by
GLP-1R signaling pathway.
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27 DPZITRY AR A (3. 81 £0. 14) Hz FRER]  21.71)% LK 2 3R 1,
(1.13 +0.05) Hz(P <0.05), F¥ FF&E(70.34 =

“100pm

Figure 1. GABA-AR and GLP-1R immunoreactive neurons in the NAc. A; GABA-AR immunoreactive neurons in the NAc; B: GLP-
1R immunopositive neurons in the NAc; C: two-receptor dual-labeled neurons in the NAc; D: the position of the mouse

brain map is displayed, and the red part indicates NAc. The scale bar =100 pm.
B 1 NAc 1 GABA-AR #1 GLP-1R /& PR & M #2Z TT
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Figure 2. The effect of microinjection of GABA on the discharge activity of GD neurons in the NAc. A: GD-E neurons; B: GD-I neu-
rons; C: GD neuron discharge rate changes. Mean = SD. n=3. “P <0.05, **P <0.01 vs NS group; * P <0.05 vs
"GABA group.
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#&1 GABA XK NAc A GD & T R i&E S R0
Table 1. The effect of GABA on the discharge activity of GD

neurons in rat NAc

GABA responsiveness

Neuron n

Inhibitory Excitatory Unresponsive
GD-E 78 47(60.25% ) 19(24.36% ) 12(15.38%)
GD- 41 27(65.85% ) 9(21.95% ) 5(12.19%)

GD-E. gastric distension excitation; GD-I; gastric distension
inhibition.

N1 BRI S 5% BRI T,
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B Ex9 ARMEHT(P <0.05) ,$27/8 GABA XJ GD #f
ZETUTIHL I Bl 1 52 R VR AT RE 32 SR T GABA-A

A
80

D
(o)
1

Amplitude change rate (%)
~
(e
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P<0.01), UL 3. JE4F GABA J5 3 min 7547, KR
T WO S R RN 6 AE 8 ~ 13 min Z2 47 3k Bl i RAH.
KB, NAc 35 v 5 GABA (2.5 pg) + BIC (10.0
we) 5% GABA(2.5 pg) +Ex9(10.0 pg),BIC A i
F RN GABA X H 12 3 9 X% ArfEH (P <0.01) , 1fif
Ex9 A #R538055 GABA 5 3 H iz s (P <0.05) , L
K3, i NAc A GABA-AR & GLP-1R {5 S %
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Ex9 X 8 iz 8l JoHH 2
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-&-10 pg BIC
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Figure 3. The effects of GABA microinjection into NAc on gastric motility. A the rate of change in gastric motion amplitude; B: the

rate of change in gastric motion frequency. Mean +SD. n=3. * P <0.05, “* P <0.01 vs NS group; * P <0.05, "P <
0.01 vs 0.5 wg GABA group; “P <0.05, 2P <0.01 vs 2.5 ug GABA group; *P <0.05, #4P <0.01 vs 10. 0 g Ex9

group.
B3 NAc HEES GABA 3 BiEzhi#0m
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Figure 4. The effects of GABA microinjection at different concentrations in the NAc on gastric acid secretion. A gastric juice volume;

B: gastric acid output. Mean £SD. n=3. * P<0.05, " P <0.01 »s NS group; “* P <0.01 vs 2.5 ug GABA group;

A44P <0.01 »5 10.0 pg Ex9 group.
4 NAc HEESAREIRE GABA Xt BB 5 il B =20

o

B A2 K R O — B oal LA 51 B LA B sh
5K, AR AL AR AT 5 i £ 3, TR I 0) 1 22 R
G5 IR A T oA 72 A 5 BB s 3
BRSPS I UL, 3k TR AL 1454w
SRS 5RER S BHRBULEHEE. B
AWTGE , NAc 1] LA 5 i i 28 22 G0 fE -
HFVE BT Re R TR S o BUIH UL, TR B il
6] 52 24 WA HAE R, NAe 1] 22 5 i di 48 2 ekt
B A AR 05 B B 5, O 3 0 X 2% b

ZIRA IR BETT 2 S E R, AR & B,
KL NAc PIAELE GD S I P 28 7T, i3k 26 b 22 ST ]
A% GLP-1 s, GLP-1 {fi NAc N #R4> GD-E 14
JUAT GD-1 #28 TC Y T AT R 340

GABA J2& [ A T B2 1 1 ) 143 5%, 16 NAc H
AR PR B R B AR A L R SR R B S 4 R,
GABA M T 2 15 G Shae iy 35" . 76 K R
NAc HiiscRHE 5T GABA AT ik K BB 2 8, H GLP-
IR F5H07) ExO AT B4R % A2 VR o R, A1 U6
1k GABA £ NAc Hi] i HA — & (94 A A B i3 3l
YERT, B 250 10 GABA-AR {5 53 % ok 41 15 i 5



P, I H GLP-IR (55 @ s th n R S 5 X — W&
o A9 e e 2 21k 2 Y B WL 55 3] GABA-AR
Al GLP-1R 4 32 I I A4 28 S0 7E K B NAc A g 3k 3%
5% G RT R4 R —3 0, W] NAc & GABA
A1 GLP-1 LA P AN Z—o

GLP-1 Je HAZ 1A A5 530 [ A 24 5 e 2 -y v ke
FEEMEIEN . HATHTIE & B, a0 g
GLP-1 ZAAKEHL A Al s 4 fr &7 . #5317 RNA
TS NTS ot GLP-1 R4 2 =1 B 2 mRNA
i, W25 R R R AT IR . Beah,
CAMFF A I, NAc N GLP-1 24 /) 006 nl 3% 45
SWRAE AMPA/kainate {55, W0l & 1701,
AWK NAc ST GABA w3458 B iz 3l fil
25 Wb, 7 GLP-1 SZARF5H0 7 AT #8 43 F5 Bz & , 9%
UEAEIAMIEPE GABA X 1 32 sl Fl S 2 43 W e VR FH 1)
TELEML AT BEVS e GLP-1 Z (553l % o

25 ik ,NAc H GABA il i 1845 GD # &It
R SIZ 5 B AL A MG S R T S 3l
FUE BRI , A e B AL A5 25 5 Hohix
GLP-1R {5512 581 il 7 Bbob, &9 6
L YL B UESE, NAc P GABA-A 57 f& il GLP-1
TG B2 GLP-1 Z K5 5iE S 51 NAc
P GABA-A Z (5510 0] 8 i 1% A e A% A B
AL B R I 9

(& % x #]

(1] & B, FESUHE, Mintel, 5. GABA £ ML
Hl PR E LY ] A TR AR A&, 2006, 14(19)
1906-1911.

[2] Diana A, Pillai R, Bongioanni P, et al. Gamma aminobu-

tyric acid ( GABA) modulators for amyotrophic lateral

sclerosis/motor neuron disease [ J ]. Cochrane Database
Syst Rev, 2017, 1.CD006049.

[3] Brekke E, Morken TS, Sonnewald U. Glucose metabolism

and astrocyte-neuron interactions in the neonatal brain

[J]. Neurochem Int, 2015, 82:33-41.

[4] Zhu Y, Wienecke CF, Nachtrab G, et al. A thalamic in-

put to the nucleus accumbens mediates opiate dependence

[J]. Nature, 2016, 530(7589) :219-222.

[5] GaoS, Guo F, Sun X, et al. The inhibitory effects of nes-

fatin-1 in ventromedial hypothalamus on gastric function

and its regulation by nucleus accumbens[ J]. Front Phy-

siol, 2017, 7.634.

FIFIF, T A, RS . MicroRNAs 55 A PRS0 G

FEOWIEERELT]. h EE AR B 24 AR, 2012, 28(1):

181-185.

(6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[18]

[19]

- 1205 -

Dossat AM, Lilly N, Kay K, et al. Glucagon-like peptide
1 receptors in nucleus accumbens affect food intake[ J]. J
Neurosci, 2011, 31(41) . 14453-14457.

Alhadeff AL, Rupprecht LE, Hayes MR. GLP-1 neurons
in the nucleus of the solitary tract project directly to the
ventral tegmental area and nucleus accumbens to control
for food intake[ J]. Endocrinology, 2012, 153(2): 647-
658.

Vrang N, Phifer CB, Corkern MM, et al. Gasiric disten-
sion nduces c-Fos in medullary GLP-1/2-containing neu-
rons[ J]. Am J Physiol Regul Integr Comp Physiol, 2003,
285(2) . R470-R478.

Paxinos G, Watson C. The rat brain in stereotaxic coordi-
nates| M]. 6th ed. San Diego; Academic Press, 2007.
Min DK, Tuor UI, Chelikani PK. Gastric distention in-
duced functional magnetic resonance signal changes in the
Neuroscience, 2011, 179.151-158.
Oshima T, Miwa H. Functional gastrointestinal disorders
and acid secretion[ J]. Nihon Shokakibyo Gakkai Zasshi,
2016, 113(10) :1682-1691.

Dossat AM, Diaz R, Gallo L, et al. Nucleus accumbens

rodent brain[ J].

GLP-1 receptors influence meal size and palatability [ J].
Am J Physiol Endocrinol Metab, 2013, 304(12) ; E1314-
E1320.
McMenamin CA, Travagli RA, Browning KN. Inhibitory
neurotransmission regulates vagal efferent activity and gas-
tric motility[ J]. Exp Biol Med, 2016, 241 (12) ;1343-
1350.
Sachidanandan D, Reddy HP, Mani A, et al. The neu-
ropeptide orexin-A inhibits the GABA, receptor by PKC
and Ca’*/CaMKII-dependent phosphorylation of its B,
subunit[ J]. J Mol Neurosci, 2017, 61(4) :459-467.
SRUKVK, FEHT, FEhnEh, B AR R R
T CSTBL/6J /)N UL AP B RARGT AR [T ] P I
SRR AE R 2018, 34(9) . 1720-1723.
Werner U. Effects of the GLP-1 receptor agonist lixisenati-
de on postprandial glucose and gastric emptying: preclini-
cal evidence [ J ]. J Diabetes Complications, 2014, 28
(1):110-114.
Barrera JG, Jones KR, Herman JP, et al. Hyperphagia
and increased fat accumulation in two models of chronic
CNS glucagon-like peptide-1 loss of function[ J]. J Neu-
rosci, 2011, 31(10) :3904-3913.
Mietlicki-Baase EG, Ortinski PI, Reiner DJ, et al. Glu-
cagon-like peptide-1 receptor activation in the nucleus ac-
cumbens core suppresses feeding by increasing glutamater-
gic AMPA/kainate signaling[ J]. J Neurosci, 2014, 34
(20) : 6985-6992.

RERE: HEF, T A)



