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T FZRAVLWTOOFHOEREAFT RS LTARFHEICHT 5 MEH monoamine (nor-
adrenalin : NA, dopamine : DA, serotonin : 5-HT) OZ#HZAFL, EBEHICH
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BEEEFRAFIE, 6% 0: 5LV % N.O DREHNZXEFHAL 7=@#f chamber (5 }
ZHMBEITBLICL>TIT-7=. monoamine ORF(E, T v FMEWEL =%, HMOSL
fIZE3H®MCHHEL, high performance liquid chromatography (HPLC %) T,
RE, #%4E, HEKTH, B85, KBROSAFRICOVT, BFPIIUEH 120BMEE
TREMICIT- 1.

ZO#R, NA IRHE, HETLH, HRBRTEBEAFCLYHEML, 09TE—VEE
Rl ZORBLL, CALDOEETE L BATEERXERLE. WTFAOESMHE
EARAFET 120 BEMI#(S( control fE(CTEL 7.

DA BB ERCTATO MU TEBRAFMCLYEML, 0 S TRSMEICELE. +
DHEBALICETL, BFH 120 EME(C(E control {HICHEL . 7=75L, BHEE, 1208%
F#ECERbEEEZRL. »

5-HT U FhOBEICEVLTH EBRRAFCIVRLICEAL, ANEISHEERL
o 120BRHBCEVTHRE, BEE, BEKTEH, SLCEBETE control fEL Y HE
ZRL7%.

Lk, BICHH3EBREAHNE, moncamine DFEM(LE(RET S H, "DiE4s, NA
® DA H—BETHZOICHL, 5-HT [FHHNTHIONBHTH-7=. O &L,
5-HT O#iE#lad L IRHCETIEBRECLIHEORFDN, NAP® DA LERD
CEhRRERL. CPRUTEAE 2 A23BEAD

Effect of Hypoxia on Monoamine Content in the Rat Brain

Akiyuki Maenosono

Changes in cerebral monoamines, (noradrenalin, NA; dopamine, DA and se-
rotonin, 5-HT) during and after 60 minutes of hypoxia were studied in the rat.

The hypoxic state was produced by exposing the animals to a mixture of 6 %
0, and 94 % N,O in a tight chamber. The animals were decapitated in a stepwise
manner. After decapitation, the brain was quickly removed and separated into
five regions (the cortex, striatum, hypothalamus, hippocampus and brainstem).
The mt;'noamines were measured by high performance liquid chromatography
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(HPLC). The following findings were obtained in this study.

The NA content in the cortex, hypothalamus, and brainstem increased during
the hypoxia, reaching the peak value at 30 minutes of hypoxia. Changes in
these regions followed a simillar pattern after hypoxia. The content at 120
hours after hypoxia returned to the control value in every region.

The DA content in all the regions except the hippocampus increased during
the hypoxic state with the peak value at 30 minutes. Thereafter, it returned to
the control value at 120 hours after hypoxia. In the hippocampus, low values
continued after hypoxia, and the content-showed the lowest value at 120 hours
after hypoxia.

The 5-HT content in every region increased gradually during the hypoxic
state and the values remained high even after hypoxia. Even at 120 hours after
hypoxia, the content was higher than the control value in the cortex, striatum,
hypothalamus and hippocampus.

These results show that hypoxia increases cerebral monoamines in most re-
gions. The most remarkable finding was that the effect of hypoxia on 5-HT
was delayed and then remained for long. This effect was quite different from
that of hypoxia on the other two monoamines, whose reactions were transient.
These data suggest that 5-HT neurons and/or fibers are impaired by different

mechanisms than NA and DA neurons and/or fibers.

(Accepted on February 23,

1989) Kawasaki Igakkaishi 15(2) : 311—319, 1989
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BRI A ADRER T o7, 7ok, MELH)
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2. %P monoamine D H|E
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WTTote. AL, AR 154, 30
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Fig. 1. Schematic drawing shows the
method of dissection of rat brain.
(presented by L. J. Pelligrino)

Frozen brain tissue
\ +1ml of 0.1N PCA solution
Homogenized at 4C°

Centrifuged by 40,000g for 15 min
|
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High performance liquid
chromatography

Fig. 2. Flow sheet of cerebral monoamine
analysis

7z, $7ciH horizontal zero plain I b gij
6mm A5 8 mm FTO 2mm g T coronal
UL, BEBIOBREEERH L. BEK
THEE Zh X b B 3mm igT EHS L v 5
o, BRI ILICESTRERMUERL v L 7.
B TN A R R L 7 MBS s D IERE E T &
Lz, Thbwh b REicHE R L.
HAE E CREBELICRMZ S S LIAT, Thllhk
Bl L 7e RN 2 BERAF L 7.

HITE 1, BAS #8100 catechoramine analysis
system -¢ high performance liquid chro-
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Fig. 3. Survival rate in the rats during
exposure to the hypoxic state (n=96)
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Fig. 4. Changes in acid-base balance during

the hypoxic state (n=5). Values are
mean + SEM.
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Fig. 5. ECG, EEG and BP changes in various stages of the hypoxic state
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4. %Py monoamine O IFAZHIZE)

B4y monoamine (NA, DA, 5-HT) iouw
T BE L.

(1 noradrenalin: NA (Fig. 6)

NA &ALV TOTh b ERFART
I o ERARLE. Tok, FBEOBEE LD
1z control IR F3 AHmZ R L T2A, HE
DHEREFE AR P ERAERCH 7. AT
DFEBE L TIE, %EEETEIZ ¥ E i3 control
fEX b bim iz . DML TIRIE
1¥ control fEic Jrrﬁu‘_zl) DD %D R B
b, TOBLERR, KA, RKTHSXOM

(ng/g) CORTEX
1.04
iR il |
1.O‘ng/g) STRIATUM
0.5
il land A 7
5 (ngk) HYPOTHALAMUS
Ll
1 0000 0 n
(o) HIPPOCAMPUS
1.0
ok gl nlas 1 =
5 (ng/g) BRAINSTEM
2
! Nnod A\
0 15 30 45 60(min)

0 2 6 1224 72 120(hr)

hypoxic state time after hypoxia

Fig. 6. Changes in cerebral noradrenalin
(NA) content during the hypoxic state
and after hypoxia (n=5). Values are
mean+SEM. C; Control value

The NA content of the cortex, hypo-
thalamus and brainstem reached peak
values at 30 minutes of hypoxia. At 120
hours after hypoxia, the NA content
returned to the control value in every
region.

BCTHLTS E2H0 Hote. 120 BRI
1%, oA L AT (control ) 1 ¥ T
wmLt. '

® dopamine: DA (Fig.

DA i, BB\ CEBZATIC L - TH
MERLE. ChBIZ0DEE— 2 RAK
ETL, ARETHECITE control HICHK -
fo. ARMBTEEXYBRVTULTROMWA L IEFE
control {E&x £ L 7-.

(® serotonin : 5-HT (Fig. 8)

5-HT i Fh o IBAnic B\ T b (ER R AT
Xy ER%E2RL, NA = DARABRIE
THEEE ~TZ & L AL Hdkc.

(ng/g) CORTEX
0.15
0.10 .
0.05
m“ SO Iul el
(ngk) STRIATUM
10
5 .
%%%%;ﬁﬂﬁﬁ N 10
(ng/g) HYPOTHALAMUS
1.0
0.5
k*zzzﬁﬁﬂﬂﬁﬂ Aol
(ng/k) HIPPOCAMPUS
0.15
0.10s ' .
0.05
N=tils) ﬁ a
(ng/e) BRAINSTEM
0.10:
hﬁ%ﬂ 10l [0
C

0 15 30 45 60(m|n)
2 6 12 24 72 120(hr)

hy'poxic sta‘te time after hypoxia

Fig. 7. Changes in cerebral dopamine (DA)
content during the hypoxic state and
after hypoxia (n=5). Values are mean
+SEM. C; Control value

The DA content reached the peak
value at 30 minutes in every region.
At 120 hours after hypoxia, the DA
content returned to the control value
in all regions except the hippocampus.
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2
! il |
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2 - T
i lagag N00 [
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:ﬁ
; Wi :
1
-
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2 - = b
1 |
(ng/g) BRAINSTEM
3 ==
2
{ladal 110 I
. N
0 15 30 45 60 (min)
C 0 2

6 12 24 72 120(hr)

};poxic state' time after hypoxia

Fig. 8. Changes in cerebral serotonin (5-HT)
content during the hypoxic state -and
after hypoxia (n=5). Values are mean
+SEM. C; Control value

The 5-HT content in every region

increased gradually during the hypoxic
state, and values remained high even
after hypoxia. Even at 120 hours after
hypoxia, the 5-HT content was still
higher than the control value in the
cortex, striatum, hypothalamus and
hippocampus.
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