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Hypoxia effects on hypothalamic corticotropin-releasing hormone and
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AIM: To study the effects of acute and chronic
hypoxia on hypothalamus-anterjor pituitary-adrenc-
cortex axis. METHODS: Rats and pikas were
expeosed to different altitude and pericds. Animals
were injected with CRH, Arg and NE In the third
ventricle of the brain of rats. RESULTS: Anterior
pituitary cAMP and plasma corticostercne levels of
rats obviously increased during 1 h of hypoxia.
cAMP was increased from 2.23 * 0. 13 of control
groupto 7.7 0 7 of 5 km and 13.4 1.9 nmol
/g wet tissue of 8 km, respectively. icv CRH,
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Arg and NE all activated HPA axis. The effects of
CRH were most potent. CRH 2 pL 0.75 nmal icv
increased anterior pituitary of cAMP from 3.5
0 4 of control t0 22.4 X 2.2 nmol/kg wet tissue.
Stimulating altitude of 5000 m resulted ina 16.9 %
decrease in corticosterone level (P <0.05}, 8000
m resulted in a 47.5 % decrease (P <0.01) after
hypoxia for 25 d. Hypoxia did not activate HPA
axis in pikas. CONCLUTION: 1) Hypoxia stress
activates the secretion of corticotrophin ( ACTH)
via cAMP; 2) Adrenocotical function of rats decays
during chronic hypoxia; 3} Arg and NE regulate the
secretion of plasma corticosterone and synthesis of
pituitary cAMP at the hypothalamus level; 4)
Hypoxia tolerance of the pika was high.

( CRH ),
argipressin { Arg) and norepinephrine {NE) regulate

Corticotropin-releasing  hormone

the secretion of corticotrophin in anterior pituitary
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cAMP acts as a second messenger™!.

gland!! 3,
Arg and NE modulate the secretion of corticotrophin
through CRH in hypothalamus., we.  NE stimu-
tates the telease of both Arg and CKRH from the rat

(o)

in vitu Endogenous  Arg

hypathalamus
inhibites the secretion of CRH-. Hypaxia causes
a marked activation of pituitary-adrenal cortex.
Hyvpoxia stimulates the secretion of corticotrophin
and adrenal cortical hormones'® .

The aim of the present study wus to investigate
the effects of acute and chronic hypoxia on pituitary-
adrenat system and compare the ability of tolerating
the hypoxia state of two species, and demonstrate
that the secretions of CRH were modulated by Arg
and NE at the hypothalamic level, in order to

uaderstand the effects of CRH, Arg. and NE under
hypoxia.

MATERIALS AND METHODS

Syniheric rat CRH was purchased from Pensula Lab,
Arg was donated by Prof DU Yu-Chang. <¢AMP kits
were from Bejing Atomic Energy Institule.  All reagemis

Inc.
were of analytical grade. Experiments were performed on
Sprague-Dawley raws (5, n =168, 173+ 5 5 g} and plaleau
adult pika ( Qchotong cyrzmiae) {n =84, 118X+ 7 g) of
which caprured from Haiber, inha-Xizang
{Tihet1) plateau, with an average aliitude of 3200 m (69,1
kPa), raised in laborawory for 4 wk.  SID rats and pikas were
kept in our laborawry (altitude 2300 m) fur several days
Rats were fed chow and water ad lib. Pikas

either sex,

before use.
were {ed fresh grass and carror

Groups uf 7 animals were exposed 1u 3 different chambers
of stimulating atomospheric pressures 77.3 kPa {equivalent ro
alttude 2300 m), 55.1 kPa ( equivalent to altitude 5000 m},
and 37.9 kPa (equivalenr w aliitude 8000 m). Air inflow
10 L - min~"', temperature 18 ~ 20 T, lighedark cycle
12:12 h. Animals were placed in 1hese chambers for periods

ranging from 1 hto 25 d.  Animals were killed between 9: 00

Tab 1.

n=7, £ts. *P<0.01 vs control (2300 m).

and 10:00 am 10 minimize circadian effects

Groups of 6 animals were injected with CRH, Arg, and
NE mtu the third venticle of the bran. Al reagents
N.9 % saline

stereclaxically over 4 min with micrainjector.

dissolved i and 2 pl. were injected
Inyecuaon
cuordmates were 2 mm behind bregma, nn midhine and 4 mm
below dura. Afier 1 h, the armmals were decapitated

Trunk blocd and ameriur piuitary gland were sampled.
Plasma corlicosterones were measured'® .  Anterior prtuitary
glands were fixed n liguid nivogen.  Afver weighed the gland
were placed in fce-cold 1 mbL HCIO, (1 mol - L7Y),
homegenized in a polytron homogenizer 10 s, and centrifuged
at 2000 » g for 15 mun. The supernatant was neutralized «
with 20 % KOH and centrifuged a1 2000 < g for 15 min
The supernalani was dried a1 60 T and 72 kPa.
cAMP was measured by radioassay.

ANOVA was used to test for significance.

Agalill.

RESULTS

cAMP

corticosterone levels of rats obviously increased

Anterior  pituitary and plasma

The increase correlated
with increasing altitude { P<<0.01).

during 1 h of hypoxia.
There were
no changes in anterior pituitary cAMP levels during
hypoxia for 1 h, 1, 7, and 25 d {Tab 1). but the
of plasma
attenuated. Stumulating altitude of 5000 m resulted
in a 16.9 % decrease in corticosterone level
{P<0.05), 8000 m resulted in a 47.5 % decrease
{P<0.01) after hypoxia for 25 d (Tab 2).

There were no changes in the levels of anterior

contents corticosterone  gradually

pituitary cAMP and plasma corticosterone of pikas
during hypoxia from acute to chronic {Tab 1. 2},

The levels of anterior pituitary cAMP and
plasma corticosterone markedly increased after
injection of CRH, Asxg, and NE imto the third
ventricle of the brain {Tab 3). The effects of CRH
were most, potent { P<<0.01).

Anterior pitvitary ¢AMP {(pmol/g wet wt) of rat and pika doring hypoxia.

Hypoxia

kPa 1h 1d 74d 25 d
77.3 Rat 2.23+0.13 2.45+0.18 2.520.3 2.4+£0.4
{2300 m)  Pika 2.0%0.3 2.2=0,3 2.6-0.4 1.87+0.14
s5.1 Rat 7.7+0.7° 2.1+0.3 2.320.3 2.4+0.3
{5000 m}  Pika 2.1+0.4 2.0+0.4 2.6£0.4 1.95+0.22
37.9 Rat 13.4%1.9 2.6+0.3 2.410.3 2.3+0.3
(8000 m)  Pika 2.5+£0.7 2.1+0.5 2.5+0.3 2.0+£0.5
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Tab 2. Plasma corticosterone (pg- L™ ') of ral and pika
during hypoxia. a=7, xI 5.
bp < 0.05, ‘P<0.01 vs comtrol (2300 m).

Hypoxia
7 5 d
\Pa 1h td d 2
77.3 Rat 38+9 ALY 38+7 59 +3
(2300 m} Pika 40xt8 4710 S2-10 35:£13
55.1 Rar 121=14° 101 =18" 61=10 49=9°
{5000 m) Pika 4610 57+58 S1+7 3411
37.9 Racr  1B4+12° 108+15 6111 31+6°
(8000 m) Pilka 47+7 53+7 4Tte  42x13
Tab 3. Anterior pitvitary cAMP and plasma corticosterone

of rat after injection of CRH, Arg. and NE into 3rd veniricle
of brain. n=6, ¥t s.
p <005, “P<0.0]1 »s control (2300 m).

1 cAMP, Corticosterone.,

amo nmol /g wet wt gL'

CRH 0.00 3.5+0 4 BG L0
0.05 6.3-1.5° 89t 16

0.10 862 ¥ 126 = 6°

0.40 160 +2.3° 170 £ 25°

.75 22.4+2 2 188 + 19

Arg 0.00 3.0+0.3 100 + 20
1.00 4.1+1.1 181 £ 37

4. 00 4.9-1.1° 196 £ 47°

10.00 53+1.3 251 = 36"
10000 5.9+1.2° 243 +71°

NE 0.00 3.1+0.1 94+ 9
1.00 3.9+£0.5° 102 £ 16

2.00 4.9+0.% 124 +28°

8.00 8.2+1.0° 160 = 30°

DISCUSSION

Acute hypoxia stimulated the concentration of
cAMP in anterior pituitary and plasma corticosterone
of rats markedly increased. It suggests that
hypoxia CRH-anrerior
pituitary cAMP. Hypoxia stimulated the secretion
of CRH.
corticotrophin

activated  hypothalamie

then CRH exerted its actions on the
throogh  cyclic  AMP-dependent
mechanism,

Median eminence secretes a large amount of
CRH under acute hypoxia. [t resulted in the
gecretion of CRH decreased after rats exposure to

hypoxia for a long term. Arg might be synergically

potent of the funcuon of CRH ta stimulate the
secretion of corticotrophin, when the secretion of
CRH decreased.

Hvpoxia resulted in the attenuation of adrenal
The reason might be that 1) under
hypoxia. the low oxygen contenr of artery blood

cortex function.

resulted in the decrease of adrenal cortical hormones
2 ) the

corticotrophin  receptor in adrenal cortex cell to

synthesis; decreased sensitivity of
rorticotrophin, which decreased sensitive resulted in

the decrease of corticosterone synthesis  and
secretion.

Corticotropin-releasing factor is potentiated by
Arg'®®. CRH
paraventricular nucleus become Arg positive after
adrenalectomy! "
potentiates the secretion of corticotrophin in anterior

It indicates that the effects of Arg
regulating the secretion of corticotrophin acr at

immurnoreactive neurons of the

Injected Arg stimulates and
pituitary.
Arg regulating
the secretion of corticotrophin is through Arg

stimulating CRH.  Injected NE activates CEH
NE stimuolates the secretion of CRH.

pitaitary and hypothalamic level.

neurons.
NE is an exciting neurotransmitet.

Hypoxia did not activate the HPA axis of
pikas, It
adrenal axis of pika has high tolerance o hypoxia.

It suggested that 1)
activated the synthesis of anterior pituitary cAMP

suggests that hypothalamo-pituitary

acute hypoxia stress

and elevated plasma corticosterone, the formation
and secretion of corticotrophuin mediated through
cAMP. the function of adrenal cortex would decay
during chronic hypoxia; 2} CRH stimulated the
synthesis of pituirary ¢cAMP, which was regulated
by Arg and NE in the hypothalamus; 3) hypoxia
tolerance of the plateau pika was extremely high.
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