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Effects of AP-V and bicuculline on somatostatin-positive neurons in
hypothalamus of rats subjected to acute hypobaric hypoxia!
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ABSTRACT

ATM. To investigate the effects of 2-amino-3-phospho-
novalerate-pharmacology ( AP-V) and bicuculline on so-
matostatin { SST )-positive neurons in hypothalamus of
rats subjected to acute hypobaric hypoxia. METH-
ODS. SST-immunoreactivity (IR} and somatostatin mR-
NA (SS mRNA)-positive neurons were measured by im-
munohistochemistry and in situ hybridization methods.
RESULTS; Compared with control rats, SST-IR and SS
mRNA-positive neurons in hypothalamic periventricular
nucleus (PeV), paraventricular nucleus (PVN), and ar-
cuate nucleus { ARC) increased after acute hypobaric hy-
poxia for 6 h (P < 0.01), and these effects were
markedly inhibited by AP-V (10 pg, icv), a highly se-
lective N-methyl-D-aspartate (NMDA) receptor antago-
nist, whereas were strongly enhanced by bicuculline (1.5
mg-kg™', ip), a gamma-aminobutyric acid (GABA,)
receptor antagonist. CONCLUSION: SST possibly
participates in acute hypoxic reaction in hypothalamus,
furthermore, glutamate and GABA can affect somatostatin
release and synthesis in hypothalamus through NMDA and
GABA, receptors respectively.

INTRODUCTION

The hypothalamus is a complex brain region encom-
passing nuclel having different roles in the regulation of
endocrine, autonomic, and behavioral activities. Mod-
erale hypoxia can induce strong neurosecretory reaction in
the hypothalamus including release of corticotropin releas-
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ing factor (CRF) and vasopressin (VP)('",  However,
the effect of hypoxia on SST in hypothalamus is not
clear. Altitude medicine studies showed that hypoxia
due to high altitude induced high level of SST release in
plasma'?), which indicated that it might participate in the
regulation of cardiovascular activities under hypoxic con-
dition. Recent studies have demonstrated that glutamate
and GABA have neuroendocrine roles regarding SST re-
lease and synihesis from hypothalamic neurons™®~3. It
has been reported that hypoxia can induce the release of
glutamate and GABA in brain, thus altering the balance
between them'®” . In this study, we mainly investigat-
ed the change in SST release in rats hypothalamus under
acute hypoxia and the effects of AP-V and bicucuiline on
SST.

MATERIALS AND METHODS

Rats  Wistar rats { n =30, weighing 180 -200 g,
Grade 1, Certificate No 24301050) of either sex were
provided by the Experimental Animal Center of Third
Military Medical University. Rats were divided into six
groups randomly as following: (1) control group (n =
6): 2 rats received no stimulation; 4 rats were injected
with 0.9 % saline (1.0 pL, icv or 1.0 mL, ip). (2)
acute hypoxia group ( n =6). Animals were placed in
hypobaric hypoxia chamber for 6 h (altitude equivalent to
6000 m). (3} AP-V (10 pg, icv) + hypoxia group {(n
=5). (4) AP-V (10 jsg, icv) group (n=4). (5)
bicuculline (1.5 mg-kg™!, ip) + hypoxia group (z =
5). (6) Bicuculline {1.5 mg - kg~', ip) group
(n=4).

Drugs and reagents AP-V and bicuculline were
purchased from Sigma, SST-antiserum (1 :200)} from
Beijing Zhongshan Biologicol Co, ABC reagent kit from
Vector Labs, 88 mRNA in sine hybridization kits from
Department of Histology and Embryology, Third Military
Medical University.

ICV injection The method of AP-V intracere-
broventricular (icv) microinjection was performed as in a
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reference report'® .

Immunochemistry  After the experiments, the
rats were perfused and fixed as usual. Serial sections
(35 um) of hypothalamus were cut on a freezing micro-
tome and processed for immunohistochemistry using the
ABC technique® . In the negative controls, only SST
antibody was replaced by normal goat serum or PPS
(0.01 mol-L™'}. Fixing and staining were performed
as above,

In situ hybridization The hybridization proce-
dure was followed according to the method of Bioch er
al®. The probe used was digitoxin labeled antisense
cRNA (0.5 mL-L"'}, and the concentration of anti-Dig
antibody was 1:1000. The sections were stained with
NBT/BCIP (400 mg-L ™! and 200 mg-L™'} for 12 h at
4 T in darkness. No signals were detected in control
sections. In the present study, neurons which had grain
density of at least 5 times higher than the background
density were considered to show positive expression.

Statistical methods Estimation of SST-IR and
53 mRNA-positive neuron was performed on serial hy-
pothalamus  sections including periventricular nucleus
(PeV), paraventricular nucleus (PVN) or arcuate nucleus
( ARC), and 10 sections were selected randomty from ev-
ery group and objectively assessed with an image anatyz-
er. All values were expressed as x £ 5, and treated with
ANOVA.

RESULTS

Effects of AP-V and bicuculline on the num-
ber of SST-IR neurons in rat hypethalamus after
hypoxia There were sparse and highly variable SST-IR

Tab 1. Effects of AP-V and bicuculline on the number of SST-IR neurons in rat hypothalamus. % + s.
PeV: periveniricular nucleus; PVN: paraventricular nucleus; ARC: arcu-

control group. ‘P <0.01 vs hypoxia group.

ate nucleus.

neurons in hypothalamus PeV, PVN, and ARC in the
control group. In acute hypobaric hypoxia group,
densely and deeply stained SST-IR neurons could be seen
in the above-mentioned regions, the greatest number of
SST-IR neurons were in PeV (38 +4). In rats given
AP-V (10 pg, icv) or bicuculline (1.5 mg-kg™!, ip)
30 min before the onset of hypoxia, the number of SST-
IR neurons in PeV, PVN, and ARC decreased by
MB8% (P<00l), 349 % (P <0.01), and
30.8 % { P <0.01) or increased by 27.2 % (P <
0.01), 39.1 % (P <0.01), and 62.2 % (P <0.01)
respectively compared with hypoxia group. The number
of SST-IR neurons had no significant change in rats given
AP-V (10 pg, icv) or bicuculline (1.5 mg-kg™', ip)
alone (Tab 1),

Effects of AP-V and bicuculline on the num-
ber of 8§ mRNA positive neurons in rat hypotha-
lamus  7n situ hybridization, scattered SS mRNA-posi-
tive neurcns were visualized in the hypothalamus of the
control group. In hypoxic group, SS mRNA-positive
neurons in hypothalamus PeV, PVN, and ARC were in-
creased compared with control group (P < 0.01).
Densely and deeply stained SS mRNA neurons were high-
ly concentrated in the PeV (45 +4). On pretreatment
with AP-V (10 g, icv) or bicuculline (1.5 mg-kg™!,
ip), the number of SS mRNA-positive neurons decreased
by 48.0 % (P <0.01), 36.2 % (P <0.01}, and
29.7% (P <0.01) or increased by 34.9 % (P <
0.01), 38.2% (P<0.01), and 55.2 % (P <0.01)
compared with acute hypoxia gronp (Fig 1, Tab 2).
The number of SS mRNA positive-neurons had no signifi-
cant change in rats given AP-V (10 pg, icv) or bicu-
culline (1.5 mg*kg™", ip) alone.

P<0.01 vs

SST-IR neurons

Growp " Pev PVN ARC
Control 6 15.2+1.7 10.1£0.9 9.0+2.6

Hypoxia 6 3B+ 4 21 £ 3° 18+5°
Hypoxia + AP-V 5 20.7£2.5 143 12.8+2.7
AP.V 4 16.7+2.1 12.1+2.4 8.7+1.6
Hypoxia + bicuculline 5 481 3 205423 30x4°
Bicuculline 4 17.1£1.5 9.5+1.3 11.0+1.3
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Figl.

Photomicrographs of S5 mRNA-positive neurans in the hypothalamos PeV.

A)

{ NBT/BCIP stain, x 130].

Contrel; B) Hypoxia group; C) Hypoxia + AP-V; D Hypoxia + bicuculline.

Tab 2. Effect of acute hypoxia on the number of S5 mENA-positive opeurvns in ral hypotholanmus. x+ 5. “FP<(L01 28
control group. P <001 es hypovda group.
RST-TR neurnms
Ciroiugy i :
Py VN ARC
{onrot fs Hixl.5 LLAx2.7 12 1x0.9
Hyvpoxia [ 45 4" 23 522 Ik
Hypowia + AP-V ] Mae2 15.0% 1.7 x5
APV 4 M.5x2.0 .7 1.8 0.9+£1.7
Hypaxia + bicucullioe 5 6l x4 Aay Hed'
Bicucultine 4 naxds ms+21 | B A
abundant in the perecptic and anterior penveniricular hy-
DISCUSSION T i Y

In this study, we vhserved thal acule hypoxia in-
creased the number of S5T-IR and S5 mRNA-positive
neurons in hypothalanus PeV, PVN, and ARC. Using
somatostatin immunohistochemistry,, somatostalin positive
neurons were mainly seen in periventricudar nucleus,
Cell bodies immunoreactive for somatostatin were most

pothalamic areas.  These neurons were shown 0 project
to the median eminence which contained the highest con-
centration of somatostatin in the hypothalamus,  In addi-
tion, by usimg i sitw hybridization, somatsiatin synihe-
sizing newrons were highly concentrated in periveniricular
nucleus of the hypothalamus. W propose that hypoxia
evoked release of somatostatin from hypothalamus mainly
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came from enhanced somatostatin neurons synthesis,
Rage and coworkers have drawn this conclusion consis-
tantly in cultured hypothalamic neurons® .

In rats treated with bicuculline before exposure to
hypobaric hypoxia chamber, we demonstrated that SST-
IR neurons and SS mRNA-positive neurons in the hy-
pothalamus PeV, PVN, and ARC increased greatly.
Qur results suggest that GABA inhibit somatostatin release
and synthesis from hypothalamus in the rats subjected to
acute hypoxia. Momrover, GABA exerts inhibitory ef-
fect on somatostatin neurons mainly through GABA, re-
ceptor, which is in keeping with the morphological evi-
dence demonstrating somatestatin and alpha 2 sub-unit of
GABA, coexpression in PeV utilizing a dual labeling in
situ hybridization technique!'”. On the other hand,
AP-V inhibited the increase of SST-IR neurons and SS
mRNA-positive neurons in the hypothalamus induced by
hypoxia. We can infer that acute hypoxia stimulated so-
matostatin release and synthesis in hypothalamus, which
was affected by amino acids; glutamate facilitated so-
matostatin release and synthesize through NMDA recep-
tor, while GABA inhibited this process through GABA,
receptor.

The findings suggest that somatostatin may partici-
pate in acute hypoxic reaction. Glutamate and GABA
through NMDA and GABA,, receptors respectively modu-
late somatostatin level in rat hypothalamus following acute
hypoxia. This also indicates that the balance between
glutamate and GABA may mediate the change in somato-
statin levels in systematic hypoxic environment.
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