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BAERZ A9 5=y gor] =3 HMHES %
BY 4 Slobe R A4 22 ge #E5e 3
A& Bolgrl. 19504£f42E d-amphetamined] o
Ha hiEeEiE 2 BEEERY s mme
Foa e H{LEM Bhol F£3 o) Fox] gor 1}
of7l ol & Ed e FA¥dze & 993 w45
Fol mele ARt B2 BEEA og pgsda
gt 2 & Catecholamine Hffic] W FHoJq o
= BHET o HF AEIA WEE dd9 gou g
¥ol = d-amphetamines] 93] okrlgl @E@EIER
(hyperactivity) s 47 Bh#E 58 Behavioral Syndrome)
4 33% #5ol Catecholamine Bw} 5-hydroxytryp-
tamine? Xrl v e MBS Ada glde Hg
o] A 715 = gl ch(SloviterZ, 1978a,b; Graham-Smith
%, 1974; Greenf, 1975; Smith, 1965; Rutledges:,
1970).

olel #¥#FEL d-amphetamines} 5-hydroxytrypta-
mine (5-HT)=}e] BEEES BRI o Mo —
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ot Rf{ke] w2 Zf89] 5-hdyroxytrypamine o
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1. REHH

EREMHE s 170~230g Alo]9 +x Sprague Daw-
ley Rat(A £ XE %3 FEASPE AoLetgon
%42 d-amphetamine Sulfate(sigmaz] A}, | 2) 5-
HT hydrogen oxalate(Nutritional Biochemical Co, o]
#)6-HIAA (Sigma®] 4}, ©]=), Kynuramine dihydro-
bromide (Sigma3] A}, =)&), 4~hydroxy quinoline(Sig-
mad]Al, ©3F)& ALgsdd ot

2. EBHZ ’

(1) 5-HT$} 5-HIAA SEIE

d-amphetamine sulfate 2mg/kg& 273 H4tsE
15, 30%, 14134, 241, 4417F, 2441 7), 4847 4%
ol £& BT AE0HH) S F49 PEA7 e,
Midsagittal Sections] 23] 4oz 1}xo @z e
EiM:1E @ butanols] Yol homogenize 4]zl % Modified
Curzon & Green 75} Shellenberg FHi: e EA A
&%te] 5-HTe 5-HIAAE Rkl Spectrofluorometer
(Perkin-Elmer3 At¥], o)z flZE 8t k. 5-HT9)
excitation& 366nm filter= dgom 500nmel 4] His
et 5-HIAAY 312nmef] 4] excitation] 3 4] 545nm
oA &4 3hgl o

(2) MAOIEH BRI

vhel A % S Ice box el A 0.25M Sucrose 2
Al homogenize 4] 7] & Modified Brody & Bain J:
& Ah§3te]l Mitochondria® @& 12, Modified
Kraml Fikol ¢ #te] Kynuraming 7|2 = ]
87°C K¥el 4 3040 incubation A7 ¥ R 4-
hydroxy quinoline2 312nm filter2 excitation A7 3
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410nmel 4 JiEstg e, 2% Lowry$(1951) 75
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1. 5-HT SR 3t
Control Zt< 0.650+0.033x/g (wet weight)& &
1 92 v}. d-amphetamine ¥E 15481 Z33 e
712 Eokor] (126.6% of control) Ll HeiA 7] 4
Zate] 44 4 713 %€ 3k(68.3% of Control) (p<
0.01)¢ 23 on 24e5pIAA B73E A5t 484
75 25 & Controlgt Ll ke 2 38z ¢} (Table 1,
Fig. D
2. 5-HIAA SEHE
Controlgh-& 0.47720.036pe/22 e gl vl d-am-
phetamine <} 154%Fel 7 A45& 2gor} #it
B Ess oo LI Controlzgt LITR A7)
A zeted 14 Z~d A 7k Abeld] FbF w2 (Y 78%
of Contro) & 29 om HHER 297 AU (p]
0.01) Ll 244 7138 Controlgt Ll ke =2 £71317] A
o] 484 ¥l & 111.7%7 A Hinstg <. (Table
2. Fig. 1)
3. MAO FimEe s}
Control gt 0.206:1-0. 002umol/hr/mg of protein&
v ek Fed 165 %) A8 zke] 0.17940.008

Table 1. Effects of d-amphetamine on rat brain

5-HT level
Time after 5HT
injection pg/g(wet. wt.) | % of Control

Controls 0. 650%0.033 100

15 min 0.823x0. 117 126.6
30 min 0. 718£0. 048 110.5
1 hr 0. 5660. 09 87.1
2 hr 0. 531+0. 037* 81.7
4 hr 0. 444140. 028% 68. 3
24 hr 0. 47340.021%* 72.8
48 hr 0. 5930. 089 9l1.2

Mean-+S.E.M. from 8 to 15 animals except control
(n=25)
*: p<{0.01 (Student’s t-test)

(86.9% of Control) & 7} wskes] (p<0.01) %
2 A 429 FHEL 23T 90% of Control)
44 744 25 ot A Controlzgkel 4o 2 3 = o 2447
Ade 28d AFH BHZS Frizt vexted
(142.7% of Control) 484 274 £ = 45 ¢l F(Table
3, Fig. 1)
4. 5-HT turnover #2}(5-HIAA/5-HT)
7R At & #$E Holdrt I kR4
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Fig. 1. Time Course of the Effect of d-amphetamine on the Levels of 5-HT,
5-HIAA, and the Activity of MAO
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Table 2. Effects of d-amphetamine on rat brain 5-

HIAA level
Time after 5 HIAA
injection rgle % of control

Controls 0. 47710. 036 106
15 min 0.5221-0. 099 109.4
30 min 0. 44940. 023 94.1
1 hr 0.37440. 041* 78.4
2 hr 0.3704-0. 019** 77.6
4 br 0. 375+0. 009** 78.6
24 hr 0. 49640. 031 104.0
48 hr 0.533:0. 093 111.7
Mean+8.E.M. from 8 to 15 animals except control

{n=28).
*: p<{0.02 **: p<0.01

44 714 H ¥ Controlgt ol 4oz F4ugion(113.7
%) 244 A & b3 L 44 (141. 1% of Control)
€ ERed BARAAT F5RA7 A &=
{Table 3, Fig. 1).

Z =

d-amphetamine?] FBEBE Hold | A4 o9
BES 94 FiER Catecholamine ##< ¥,

(1) Catecholamine release®] #In(SteinZs, 1969;
Glowinsti, 1965; Carlsson%, 1965; Carr#, 1970: Ng
%, 19705 Azzaro%, 1974; Ziance%, 1972; Rutledge
%, 1978)

(2) Catecholamine reuptake 4] (Glowinski%,
1965; HiggendalZ, 1967; Denglers, 1961; Ferrisis
1972)

(3) Catecholamine receptor &l (Smith%, 1963)

(4) MAO #M#l (Mann, 1940; Blaschko%, 1963;
MantleZs, 1976; Braestrup, 1977; GreenZE, 1978;
Clarke% 1979)%-°] St}

o] 8] g Catecholamine #fo] F a3z F& ¥
& 2735tz YUAg, AZd e REEER 2 T
BERRFAA dos —E 5-HTS U2 A&
ARz Ydoe FA7 ez gl (Mclean® 1961;
Graham-Smith, 1974; Carlsson%, 1965; SloviterZZ,
1978a,b, Rutledge$, 1970; Green%s, 1975, 1976;
Smith, 1965; Laverty%s, 1065). ©] t}o}7}A] Slovter4s
(1978a,b) 3} Green%:(1975, 1976)% Amphetamine
Psychosise] 5-HT7} @EG EEe]l "z FESY
t}. Monoamine oxidase (MAOQ): ¥, AdL1, T

T BRAT o8 Eigd B3P Fhstz gle
= F2 A Mitochondrias]l (Marchbanks, 1967;
RodriguezE, 1962; Weiner%, 1960), ¢}=l= #HjEd]
e Aeog ¥ gich(Schneitmans®, 1967; Gree-
nawalt¥, 1972). Johnston (1968)¢] Brain MAOE &
B Clorgyline10~"M)ell &3 = #flsle AL
A type, Deprenil(10-M)e] i3to] T2 iM%id = A
& B-typelo 3 ST Lk B8 BEE] o H¥Hd
R#s= 2l T2 £EY WEMEHES 718
Norepinephrines} 5-HT+ A-typeo] 2|34, Benzyla-
mine¥ phenyl ethylamine-2 B-typee] €], Dopa-

Table 3. Changes in MAO activity and 5 HIAA/SHT ratio

. o MAOQO activity
Time after injection

Activity* % of control Ratio % of control

Control 0. 2061-0. 002 100 0.743 100

15 min 0. 17920, 008*** 86.9 0.634 85.3
30 min 0. 1860. 009** 90. 3 0. 625 84.2
1 hr 0. 20010. 006 97.1 0. 661 89.0
2 hr 0. 20010. 010 97.1 0.697 93.8
4 hr 0. 2100. 014 102.2 0.845 113.7
24 hr 0. 2944-0. 023%** 142.7 1.048 141.1
48 hr 0. 23710. 013%* 115.8 0.785 105. 6

MeantS.E.M. from 8 to 15 rats except control (n=26).

*: pmoles 4-hydroxy quinoline/1 hr/mg of protein
**; p5<0.02 *¥: p<0.01

— 291 —




—#% T :5-HT %% ¥ MAO R4 =q vAE d-amphetamine®] o %—

mine, tyramine, tryptamine, Kynuramine& R%el
JdHfA EF HEEE Aoz ¢dAz U KE
Houslay% (1973), Mantle%(1978), Dennick%(1978),
Fowler(1978) & M fEAMRME7T HRT B—WR
s TiES® 9. Amphetamino]+} Metaraminol
28 a-methylamine® MAOY £#=A %+ e
otz glvh. 19404 Mannii3E Blaschko (1963), Me
Cauley’(1973), Mantle%(1976) 2 d-amphetamine®]
SEERG A MAOE WHez JARE 23HR
o] il & Braestrup(1977), Green%:(1978), Cla-
rke#(1079)& BAo A % d-amphetamineo] MAOE
PEAY F 9es nzsgds

AEE A E 165500 MV A AA dehte
o] Bl 24 Z27bA ke HEE HEsEct. 29
044 7| A 484 Z7HA £ HEMEEES F7H7F ek ke
o)zl Z74E 48 & e HeH o = Steroid
hormone < & Enzyme induction® ¥ F 9 o},

Besser (1060), Frohman#:(1975), Brown%¥ (1978)
2 Amphetamine$ F < 84 pituitary-adrenal axis7}
435 e) ¢ 247 Fof @AW Corticoid?t ERE=
zrtgctz sgled, o %718 Corticoid7} Amphet-
amined] B5olA 9 HEHel Fe stz TR

w3 19564 Knoxklzk S8 #AEL Corticosteroid
2 2489 &Y z4rt Inductiond 4 9lc}
= ¥ zstglrh (Gelehrter, 1973, 1976: Schimke %,
1965; Green% 19757 Kuntzman, 1969) B#7A MAO
inductiono] W& #W&E gAR 49 FAA A
Adz v Fe] 9 o7 2mLiaTe el = MAO
9] active centerd] d-amphetaminec] EEFATSIA &
Bepe) FHEE MEI7 Lelviv BTN B B,
d-amphetamined] wt7h7] Li#%el] &= Corticosteroid ho-
rmone %3 Enzyme inductiono] oojr} FL8 BA
w7} 279 Ax4e] gz #3dE Aoz FF
Wt 2 esee A4

5-HT &£BWmsd me Hee 84 won A4 =
B Aol cb. Miller#(1968)& 5-HT7} & Strain A}o]
AN % g wtEA #Esb doa W sho ot
McLean(1961)-& Harlan rate] 4] Bl 2 2o 4] 5-HT &
s+2, Smith% (1965)2 Swiss-Webster miced| A S7F
2 nzdgon, Sloviters (1978)L Sprague-Dawley
ratol A 205% &A AN FAEE WESd ¥ ok
F gplele viad AAE »gvh. KE Paasonen
£ (1956) & Dogel 4 Z£% Laverty % (1965) 2 Dogt
Catdl Al 44 2F 2AA7 Fa@zn 2ude] & A

€e %79 AFs) vl 4sdch Fe 5-HT F7Hei
A4 4 Y THES Bl

(1) 5-HT $32 %7}(Carlssons, 1965; Ng%, 1970;
Rutledge$, 1972)

(2) % 5-HTS FRk #1H (Ross 1964; Glowinsk, .
1964; Higgendal%, 1967)

(3) MAO #1%l(Braestrup, 1977; Green, 1978; Clarke:
5, 19790% 44% 4 A+

=3 % 5-HT 749 715 713ez (D A
A Millers, 1970, Fuller$, 1965) (2) &E<.
(tryptopan pyrollase induction(?))& A 3% F Ao
VY oolAx may Ao Hel ¥ 477t dastthz 4
ztg =},

MAQ A4y 5-HIAARS & A7t B
2 Hidaka#:(1969) 3 Gal%(1972)2 MAO #M47} €
o] 3w O-sulfate conjugation BfRc] Fodbctz I
o} Korf%(1970) % Neff%(1968)2 o #HEY EE:
o A3t EAA AsfE A2 3t

HAEEHEEE B 5-HT turnover® tehll & HEC
7} 15335] 24 7t#tA Control 2=t #4241 % 24
o, LIE 244 DA Haee Fde $4E 2
o, MAO EiEe Wats A9 72 s S5
AZ Bg. o] Frx A@AFHE uFo] £+ d-
amphetamine® MAQ 24 =] ¥ HEL HAA
5-HTS] turnovers] o &g ol s 424 = u}o) o}

# W

d-amphetaminee] 5-hydroxytryptamines] turnover
o ®lA= GTS ol B Hepe] Sprague-Dawley
ratsl d-amphetamine-g ¥HE ST £ R #{be =
2 g 5-HT 9 5-HIAA $g &A=z Ry
2fe] MAO AT E A& HEGHTF F&7
e Ewe Q4

1. 5-HT @& 1655 A3 3o (126.6%, p<
0.01) LAg ftasted 240 7A a%e 2R (2.8
%, p<0.01).

2. 5-HIAA S8¢& 304%H asr] A%t 14
a7 Aolel FhA % e Ao (78% p<
0.01) 244 7243 35387 AFA

3. MAO EikEE 154 714 wkevl(86.9%,
p<0.01) Ll 24 AR Axe sh7te] (90%) etk
ot 2447 EEE ARE B4 45 et
(142.7% p<0.00)

4. 5-HT turnover(SHIAA/SHT) S4-& MAO ik
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Hi@ot 22 e 29

ks 32 v]fo] £d] d-amphetamine& Mon-
oamin oxidase {E#:EEo] %3 &L e A 5-hydroxy
tryptamine turnover]l 4 %-¢ =& & ctz A4
< vtel =

—ABSTRACT —

The Effect of d-amphetamine on the content
of 5-hydroxytryptamine, 5-bydroxyindole-
3-acetic acid and the activity of monoa-

mine oxidase of rat brain

Yoo Hun Suh, Sa Ack Hong and
Chan Woong Park

Department of Pharmacology, College of Medicine,
Seoul National University

Amphetamine causes a variety of CNS stimulating
effects and various behavioral changes in men and
animals, which were first described by Piness (1930)
and Alles et al. (1933). It is well known that amp-
hetamine induces psychosis closely mimicking paran-
oid schizophrenia, and has been used as a research
tool for the etiologic role of Schizophrenia.

Many investigators have generally believed that
.amphetamine was a prototype activator of catechola-
.mine mechanisms in the CNS, but more recent findi-
ngs strongly suggest that 5-hydroxytryptamine (5HT)
is involved in, at least, some of the effects of d-
.amphetamine,

Also, d-amphetamine has been known to be a
reversible inhibitor of monoamine oxidase (MAQ)
with a preference for MAO type A in vitro.

This present study was set up to determine if, and
-to what extent, the turnover of 5-HT is influenced
by d-amphetamine administration.

5-HT and its major metabolite, 5-hydroxyindole-
3-acetic acid (5-HIAA) were determined fluorometri-
<cally at various times after the intraperitioneal inje-
«ction of d~amphetamine (2mg/kg) by the combined
method of Curzon and Green (1970), and Shellenbe-
1ger et al. ("71). Monoamine oxidase activity of
whole brain towards the substrate kynuriamine was
measured by the modified method of Kraml(’65).

Following results were obtained:

1. 5-HT leve! showed a maximal increase(126.6%
of control) at 15 min post-injection and increase
lasted for 30 min, and thereafter 5-HT decreased till
24 hr post-injection, and returned to nearly control
level at 48 hr after injection.

2. 5-HIAA level began to decrease at 30 min post-
injection, reaching lowest levels at approximately the
1 hr-4 hr post-iniection (78% of control), and retu-
rned to control level at 24 hr after injection, and
thereafter the level increased to 111.7% of control
at 48 hr post-injection.

3. MAQ activity showed the lowest level at 15
min post-iniection (86.9% of control), and thereafter
slightly low activity persisted (90.3%~97.1% of
control), till 2 hr post-injection. MAO activity began
to increase at 4 hr. post-injection, reaching the
highest level at 24 hr post-injection (142.7% of
control).

4. 5-HIAA/5-HT ratio began to decrease at 15
min post-injection, and decrease lasted for 2 hrs.
Thereafter, the ratio showed to increase, reaching
the highest value at 24 hr after injection (141.1%
of control).

We strongly suggest that 5-hydroxytryptamine
turnover is influenced by d-amphetamine administr-
ation through the effect on the activity of monoamine

oxidase.
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