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icotropin releasing factor (CRF)oj] 94 &2 z3 5
#(Ganong, 1963; Weiner and Ganong, 1978) Extra-
hypothalamic CRFe] o & wrjgt Aoz 475
gleH(Witorsch and Brodish, 1972). <4 o= . A
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DFAHEEN 2471A3} stresso] 2§ HEE Ry
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+3 % 5-hydroxytryptamine (5~HT)}o] ACTHS&u]
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@ A o} o] (Martini and Ganong, 1976) =.8]¢] CRF
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D57 H%E dAAAN ACTHRuEZ zAdd:=
235 g9 (Kizer et al., 1976). =% ACTHH4] 4
" & catecholamine (norepinephrine, dopamine)8} 4
TE FEY 759 944 2946 9 d2z oA
%= 2o deelvt §39  catecholamines] CRFZ
THlte AR ALY AZAY x5 4E] (Gan-
ong, 1977) ¥+& a-adrenergic receptore] Z§ 4}
ACTHY #4 % 448 Aoz Y73E Ago] ge
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1. @™z
180~250gm 2}o] 9] male Sprague-Dawley rats&
ol At AP HAA WY F2 124792 9 g
Bl (FEr L 2H 6A Y o ¥ 6AAADE $A454
1097 F2A7 F 2494 & og-h
2. alguy
(1) 5-HT, Dopamine, Norepinephrine®i2 &% :
AdAGF Az AF o2 HF 42319 T4 JEA
& midsagittal sectione] 2)#] wlez ¥ Azt
g3 Curzon & Greenw}d (197000 &) g 2
5-HT ¥ 3¢, ¥3 5 Ansell & Beesond 3 (1968)¢]
9d dopamine¥} norepinephrine® & spectrofluor-
ometer (Perkin-Elmer Model 100002 %4 3}g ).
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oAl &4 sty
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(2) @& CorticosteroneS2&H | ¢ A% Az 2
Aoz dAeks] 4L heparinized tubeo] 3
e A Bygele] WP R Mattinglyd (1962)0]
o}#] corticosteroned Z& spectrofluorometer® 53
464nm filter®

norepinep-

31}, corticosterone?] excitation-
stger 525nmol A A 55},
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1. % Corticosterone® 2t st
Corticosterone 3 22 8 F7) 4Azked 24 104l
2 A A (24 826pg/mDE Bolz W3} Frhshd HF7)
A uleld AAddl &F 6o = (38.81548/
100mbDe] o] & vt& Zadte d HZAS HAA A
ole] Kol zeo]lst glen PO 0DHEFHAE 66
250] 91 v} (Table 1, Fig. 1.

Table 1. Corticosterone measured in rat plasma at
4 hour intervals over a 24 hr period

Tlrne of Day g/lOgdml plasma &
Light on 6:00 AM 26.164+1.188
4 hr 10:00 AM 24. 82612, 185
8 hr 2:00 PM 27.454-3. 855
Light off 6:00 PM 38.8154:2. 276
4 hr 10:00 PM 31, 164%1. 226
8 hr 2:00 AM 30. 32942, 089

HS.E.M.: Measured from 5 to 14 rats
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Fig. 1. The pattern of plasma corticosterone over
a single 24hr period in which the individ-
ual plotted values are means with S.E.M.

Table 2. 5-HT measured in whole rat brain at
2—hour intervals over a 24-hr period

Time of Day g/gm brain S.E.M.

Light on 6:00 AM 0. 3875+0. 0159

2hr  8:00 0.397240. 0216
4 10 : 00 0. 3878-£0. 0050
6 12100 0. 4656--0. 0227
8 2:00 PM (. 4438-+0. 0138
10 4:00 0. 40730. 0264
Light off 6:00 0. 40300. 0067
2 8:00 0. 3698:+0. 0163
4 10 : 00 0. 4583+0. 0117
6 12:00 0. 4453+0. 0108
8 2:00 AM 0. 4648=0. 0175
10 4:00 0. 4648:-0. 0269

S.E.M.: Measured from 5 tol4 rats
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Fig. 2. The pattern of brain 5-HT over a single
24 hr period in which the individual plotted
values are means with S.E.M.

2. 5-HT gtansst
HES o] ZelAA 44 ZAAE T
rots @A 1240 W3 F A A 0. 466
pg/gm) & Ve 2 Zragte] hFolel  FolAF 24
7Ael o.% 84olE HA A (0.370pg/gm)ell o EtE
Z7ete] 22 24 38 44 Abojol &7 #H 2 (0. 468
pg/gm)& veb e H A HAALA = fedd
sAol7l 9Reor(P<0.01) HEHAT 7%l
(Table 2, Fig.2).
3. Dopamine8f 2t 3}

3ol A4 A7

gk kel Wk

E HolA ¢

24 644 242 (0.530
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pg/gm)E Melx A Frhstd 2A 1046 ®F7
#H 2 A (0.577pg/gm) T o] F2 Ztadglel. & 248
B oA Frbetel FFANA Wold Az 2F 6
Aol #H230.590g/gm)E ol EHE A A ot
o HzAe AAAD] FHF Aole @dglz AEw
9 & 11%09] 9. v} (Table 3, Fig.3).

Table 3. Dopamine measured in whole rat brain at
4-hour intervals over a 24-hr period

 TmeofDy gy bun &
Light on 6:00 AM 0.5297+0.0212
4 hr 10:00 AM 0. 5768+0.0323
8 hr 2:00 PM 0. 5416%0.0130
Light off 6:00 PM 0. 5898+0. 0353
4 hr 10: 00 PM 0. 5431 £0. 0372
8 hr 2:00 AM

0. 546410. 0389
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Fig. 3. The pattern of brain dopaminc over a single
24hr period in which the individual plotted
values are means with S.E.M.

Table 4. Norepinephrine measured in whole rat
brain at 4-hour intervals over a 24-hr
period

| Timeof Day  g/ep brain &
Light on 6:00 AM 0.512340. 0262
4 hr 10:00 AM (0. 533540. 0154
8 hr 2:00 PM 0.5164+0. 0252
Light off 6:00 PM 0.5765+0. 0287
4 hr 10:00 PM 0.4540%0. 0252
8 hr 2:00 AM

0.5379%0. 0430

S.E.M.; Measu_réd from 51:5 14 rats
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Fig. 4. The pattern of brain norepinephrine over a
single 24hr period in which the individual
plotted values are means with S.E.M.

4. Norepinephrineg! 2t 3}

«]2] peak(&A 104 :0.534, &% 64 :0.577, 2.
A 24 10.538pg/gm)Fel A HFA A Blo]d Azt
d 2F 64l st L BHE Rolm oF 1044 J
A A (0. 494pg/gm)E vrehdl ol 2 A g F A X el
T FA@ Zol st ol HEw 9 = 16% ] 3l v} (Table
4, Fig.4).
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Fig. 5. The circadian variations of brain 5-HT and
plasma corticosterone levels,
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corticoid?] ¥ #& %%, glucocorticoide] ¥4 venous
outputd ZAste pFAe g Sohilz gh. CRFE
o] AAATEAe] Add et A& o+ 4HA

£d W.F. Ganong (1980)2 CRFe) & AAA2E
A9 A5 FE9924 A4 AgEA]l FAHE
GAYFE BuHo HaFAd 5 AEdAde A
7} £ axcaxonicAlATdA Ao ¥ FHFEV
¢} CRFE oty A4 RSN L Dol A5t
£ Ao] = AL axosomatic =¥ axodendriticl 3 =
A& dAde] g AR F o wlFe] A CRF
2 guste AAGAA EY Az} FAFEZ A
AL Aoz v JEd 294 ARTAR LT
paracrine® A4 AAAZEADc] CRF 4424
Axze] FgatE Ao thA e A AREA] CRF
2 2uas AR B4 2 ¥Id fElse] 44T
AAe] Lo gol ¥ AEgAA g FAA AAR
a4 Faddde A4 E AAGz deh ofd]
744 5-HT, dopamine, norepinephrinec] 2} A%}
A AARALEAL shrtebe Fae] el e g
on] YA Hog steroidizEs dFAHES =23
g stress] @ F2EY zArAe2 vielA 4
Aetx ot ol E AT sldel A REX
glth. d A corticosteroid@ #e] Y F7 HEFEL A%
wWl B FFE 4 old] walF v, A corticosteroid
¥E7h mE Ao 55 FA 3¢ A% 27
ACTHE uldgthe Aol & 84 ACTHS cortisold]
episodic release, Le] 2 7t7] v}& w7zl s} ACTH{?_—
w) s} R AA Gabe] ] A Aol g Azta ok #

adAw =k 499 ACTH et LA yigol

% ®ak olet ACTHel U@ 44 g2 ‘%l-r
AWEL @A gle] ool g st Qlojel ot
(Dorothy, 1977). %% Aol E4 ACTHHS
o] 7] ¥l Fo| adrenalectomized subjectse] A 2]
Wxe glort Fag Aes i ¥4 ACTH ¥
& 2.4 corticosteroids®] feedbackzd & LA %& 7
oz oAt WANA A4y CRFEF 257
W Eo] A A corticosteroidF o} W F o A& o] 44
# ¢} (Hiroshige and Sato, 1970). &3 %-4lcorticos-

teroiddteFe] W% & zAstEd]  suprachiasmatic

nucleus™ Z 4.3 AAXA=4 25 raphe nucleish
opub-A eI EE FA4AAE e (Moore
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and Eichler, 1972), A8l #7 corticosterone %
o H=mAE lightrt A4 A7 AF 242
g}z el ®] ¢l =d] (McCarthy et al., 1960; Rees
et al,, 1971) EA o)A = light7} Ad Az Hz
g o] 7k =3I 2K S-HTHZZ d5A(23 2
AXE 4408 FHEFeA 12)d B2 3d Yl
] L.E. Rcheving(1968)% & A4 i Fq 2%
2 way e median raphe systemef A $-219 5-HT
E Ay f23 fAd Fodsped 44 A4 5S-HT
AL AR 24 G 5HTHF 743 558 ¢
o} ¥ &} (Jouvet, 1967; Koella and Czicman, 1966). >
748 E el A felgd 5-HTL 7y E& 18 7
Ased FA TEY W s-HTH#2 A4A4 A
WA Ege]  wheel el (Sudak and Maas, 1964).
ACTH #u]o] W8 5-HT9 4% AFE 2144
ZAe g8 AL Jo 2 glen o A= &
A8 gee] Qe 5-HTS o F& A Ad2s
A Aty 4ol A #2148 5-HT7 CRF#4 & A3}
o el = zlo] (Plonk et al., 1974; Cabagnini,
1975; Chambers and Brown, 1976) F##l& H#==
5-HTe] CRF%u] % o4 et ACTHRE R & T4 =&
A A7 E Aer Atz glew (Vanloon, 1973;
Pavel et al., 1977) A9#A9) A54 & 5-HTe] CRF
2ul g A A3 =8 dA 7] 2ode ACTHEV &
23 gty Ao = (Kizer et al., 1976), o]¢]= Sero-
toninergic neuronse] <11} (Scapagnini et al,
1971; Ulrich et al.,, 1975) suprachiasmatic nucleif
73 %8 4] (Szafarczyk et al., 1980) ACTHE-x]o] F7]
Aol 4% F F dvhz A4tz gt dkd
norepinephrines] ¢ 2] peak¥ kg FrAMEL
% ¢ bl = norepinephrine] s FH = A
Ax s-HTSE 28 O ddez etz 47
5] 3=0] (Koella and Czicman, 1966; Jouvet, 1967)
o] % norepinephrine® & FH& dosEd #HE&
T Aoz dAALG. =G stress}t e} FHFagAA
A #FA x5 AA A sl Al adrenocorticoid9} cate-
cholamines 4] Atolo] Atol 924 dolrlvh(Shev-
ing et al., 1968). Dopamine2 norepinephrine#] A
F-E2Ao| A ul ] &9 > dopaminee] norepinep-
hrineg Jol @54 geds Hel wsHz oA
(Gordon et al., 1966; Hornykiewicz, 1966) ultradian
okate oA s vepfEel B 9 ltd dopamine
gete] AnAE AFF Fe] 28z FulA H =2
B ogt=7] 9] FE7bd] -2t} (Simon and George, 1975).
2 Aol A catecholaminesFF 2 FalolA Aol d
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el H2AF o] Fx Fus] HmAE dopamines)

T #4195l vebwkz, norepinephrined 7H4 &4
vebukel, 39 ACTH®Ru]o) o3l catecholamine2]
4EE FTEY FF HF9e wel ohmzm(Wilcox
et al., 1975) /1A= RZ3& Ado|r} catecholamine
o] CRFE #vsti 44 D4 ¥ e-adrenergics
SAo] AEste] ACTHY U E A8 Ao Az
© 3%l 22 A #c}(Cheung and Weiner, 1976G;
Ganong, 1977a,b). EA2d<]A 84 corticosteroned
g #32A 7} 24 dopamines} norepinephrine® <k
o FHzAst AdA s} o] Fo] A7 e A9 peak
2ol gl= HmA ek HAH ol Hof&t so]s} A
A Xz el WA corticosterone® catechela-
mined] AF7|WF curvezle] & fold AAE o
YA devt HzAe Az H% Ao F
29 5-HT #%3 corticosterone@ gke] < 2w %
curve Aol = 24209 A% A4S ARz dAF o
AAE vz ek 28y 448 ol £ amines
CRFS dZFWFe] g et 243 428 493}y
Ad A= A Fstol A aminesthakel 9 %7 W Eof o
& o] W g sta rtebrt MY 7 amineg o 9 ¢
T TE GEE 5% 49 2% Aoz 4449

2 E

BAE Y Agd A AAA s 7 1247
Ao ek dEE A 1090 FzAdz f 2
ammes-4 st AR pR -2 g4 ¢
Z BEES]] 9% corticosteroned e 9=y Ea o
FAtgey =g ol g WY FAeT uz BB
st

1. %13 corticosterone @t £ 9 % G4 of
(38.815pg/100ml} & Relm A zhasle] oA 104
of # A A (24, 8264g/100ml) & el =6 o] 5 o] =
(P<0.01) #818 Aol 2 moe}

2. 28 S-HT# 3 35704 12209 o7
(2A 2434 44*}0])01] Z+7ZE 0. 466, 0. 468pug/gm o,
2 FAY H2AE 2ol 2% 846 340,370
rg/gm)E vebl ) ol E kel (P<0.01) 32l & o)
7k ek

3. Z[E dopamine¥ e o F7 o) 4 Hloj it wrr
FA A=A F 646 0.59, £A 104 0.577
pg/gm)E Holx 94 646 A (0. 530ug/gm) 2

vebd el ol Exbel o7 Hol: gledch
4. 2J4 norepinephrine¥ =2 oJel peak(eA 10
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A 10.534, 2% 64 :0.577, £ 24 :0.538ug/gm)
£ Holxz 9% 1046 24 (0. 494pg/gm)E 1M
e ol el 98 Aole A

5. @A  corticosterone® F3} Zf dopamines}
norepinephrine Abolel &= R/ 8 FAAE Relzm QA
wev S-HT @23 Al o2 o9 347 a4

ol def AFE v Feol% Wl ZH8 monoamines 53
5-HT @t 4 Zcorticosterone @ aF2] <l F7) W F Ao
= A Z A9 AAA gPe) oA AL F
AsHA 7] sl s A AstFe] 49 7 amines?] 9
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—ABSTRACT—

Roles of Monoamines Neurotransmitters
in Regulation of Hypothalamo-
Pituitary-Adrenal Axis

I. About Circadian Rhythm of
Monoamines and Corticosteroid

Jeung Soo Lee, Yoo Hun Suh
and Chan Woong Park

Department of Pharmacology, College of
Medicine, Seoul National University

It has been known for many years that several
putative neurotransmitters have been involved both
in the contral of circadian rhythmicity and stress
induced stimulation of hypothalamo-pituitary-adrenal
(HPA) system.

Most has been learned about the roles of dopamine
(DA), norepinephrine(NE), and serotonin(5-HT)
on secretion of this pituitary hormone. Despite
extensive work on the influence of hypothalamic
neurotransmitters on secretion of this hormone in the
last 15 years, it is still uncertain which transmitters
and which pathways play important regulatory roles,
but some evidence indicates that a variety of differ-
ent transmitters would be involved.

The purposes of the present study are to determine
that the circadian rhythmicity of the levels of mono-
amines(NE, DA, 5- HT) in whole brain and that

of plasma corticosterone levels are present and
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further more to assess correlations between the

circadian rhythmicity of the levels of these mono-

amines and that of plasma corticosterone levels in

rats. Rats maintained on a 12-hr photoperiod 0600

to 1800 (CST) followed by 12 hr of darkness.

The results are summarized as follow:

1. The mean levels of the plasma corticosterone
(expressed as pg/100ml plasma) showed a peak
level at 6:00 PM(38.815) and lowest level at
10:00 AM(24.826). The difference between high-
est level and lowest level is statistically signi-
ficant (P<C0.01).

2. The mean levels of 5-HT in whole brain (exp-
ressed as pg/g of brain) showed two peaks at
12:00 AM and at 4:00 AM(0. 466, 0.468 respec-
tively), and lowest level at 8:00 PM(0.370). The
difference between the highest level and lowest
level is statistically significant (P<{0.01).

3. The brain DA levels showed two peaks at 6:00
PM and at 10:00 AMC(0.590, 0.577 respectively),
reaching the lowest level at 6:00 AM(0.530).
The difference between the highest level and
lowest level is not statistically significant.

4. The brain NE levels revealed multiple peaks
those are not significantly different.

5. No definite correlation between the circadian rhy-
thmicity of brain DA and NE levles and that of
plasma corticosterone levels was observed, but
there may be reverse relationship between 5-HT

system and plasma corticosterone.
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