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A Study on the Serotonin Metabolism and the Morphine-related Analgesic
Mechanism in Mice Fed Tryptophan Supplemented Diet (I)
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Abstract — In this study we fed control diet and tryptophan supplemented diets containing 0.1, 0.2, 0.35%
tryptophan to ICR mice for 1~3 weeks to investigate the effects of tryptophan supplemented diet on pain sen-
sitivity and the analgesic mechanism of serotonin. Animals fed tryptophan supplemented diets displayed
increased antinociception when measured with hot plate and phenylquinone-writhing tests. And animals with
typtophan supplemented diet had higher brain serotonin and 5-HIAA concentration than the control animals.

Key words [ ] Tryptophan, serotonin, pain sensitivity, analgesic mechanism, 5-HIAA

M B

gkt E-Re] Af AA/ DeB s GRS T
FEALE Al ] FAELR 2oli= AF AR, FL
B4 71Felu} M| Ze) kS T Balolvt w3 RE 7]
7hEt Alge] Heprleg zhe of<kAE F8E 3 v,
ORES dnkx ez B4 AW wi= A 227 sl A=
Aol Al ARG, T, 08 R B85, 4
9 74 AARoEZA AHE o ofF o] AEF
1= oJekair) elvh(Wurtman er al., 1976).

L-Tryptophan-> Z= o}u| Ak 2A18] 7]% ¥ 7t o]
2}, 54174 o)Al monoamined] A17AF=EA2] serotonin
(5-hydroxytryptamine : SHT)&| AFAZME FQ 30}
Serotonin= %k, A1-8-F4 (appetite), A-2-F7 (thermoregula-
tion), B-5RIZ X (pain sensitivity), ¥3HPA] T2 FH]
24 5 o7 tiekel s Wkl Hdste] gl 9lvl
(Sidransky, 1935).

Serotonin®} 7+ A EEAL] HoAe] Y e
HEZH o2 ‘open-loop’ FBA | & Wurtman ef
al., 1976). F, @AL Alele) &9 fr2d 25 #-7H9

*To whom correspondence should be addressed.

By x| wel SrisiA A gl olefdt #
A vl ok AT AT 4 = FA5H ‘window’
£ AT Ho)M9] serotoning] AL @I
tryptophan®] 2 (raphe) F5322o] fozRE] Alz}
™, serotonin®E A3 7}5E tryptophand] = A
o Me] oo F 7R QR ZHE] FA o] 7hgslet

A WA= typtophan®] F FEEEH + albuminZ§1E)
o], F WA= blood-brain barriere]] $Fsl= F5 7
Al sl tryptophan?t A= GHE FA ofn| AR
% TEol.

¥]9] typtophan TFE F7RIFIE A T Hex2
serotonin 59 Z7}= A9 Z71¢} 3|, monoamine
o] Fwle} WjAke] 715 ouid 4 glv). o]=gh AR
serotonin®] FQ WA}E-Ql 5-HIAA(S-hydroxyindoleacetic
xcid)®) HAA F7h) Sl ARE 4 ek He) Aes
w4 9% (serotonergic neurony> o4 A} F=Fo
$olo] ool Wslel BeIA2) wlg) mek A
e ¢4E =AY e 9ok

ole} zho], ] myptophan T F7HI7I1E A=A 1
glar okl A== serotonin® A2 E7A)7)™ (Ternaux
etal., 1976; Guan and MaBride, 1987), serotonin®l] 2]3F 4]
A AGE EXAZICL webA, 9] uyptophan T W



312 Young-Hye Kwon ef al.

HA)7 1= Ak P5s HIAZE 5 K Goowin e al,
1990y R oeeiet, A2 F5% w9 serotonin 5
8] zZrhe FZulzt=e] =7} (Harvey et al., 1975; Lytle
etal., 1975), A2l F7 (Jacobs etal., 1975; Marsden
and Curzon, 1976), 7% A (aggression) (Kamtak et al.,
1979; Vhamberlain et al., 1987)% <o o|&& %
A HEls olm)xAke] Foiol| 2 (Lytle et al., 1975; Marsden
and Curzon, 1976) L83 A]o] ZAe|| 2lajX(Lytle et al,
1975; Kantak eral,1981; Kozell eral,1987) <] tryp-
o] ZTFHA B ukslge] hdEgieh
195751 Brondic?} Shore} $54) 74101]%% H]EEHM
sr=le] SRR b Ae) OB B WSS AAlsie
A sk 7HE At o), f‘ﬂiﬁ-‘d"é T~ 2]
Ao Fhe —?-Ez}'(analgesia)s’— o) og)eh= ARile] FA]
H ot} Serotonin®] ZERRLL ARIA A EEA L9
I} 51=A xﬂﬂb]/hg Eﬂo] sb=le] kA 9ok B
3] %5 A7 2-e el AL (medullary
reticular formation)®] 7o E-413 (raphe magnus nucleus)e]
FrEH, JEEUA A57 Hge 39152 (drsolateral
furniculus)2 2 317}8] 2SF2 (substantia gelatinosa)ell &
o] of7]A lADA] HAA WA T3 (enkephalinergic
inhibitory interneurons)—- A sbelA B3 Aol T3]
+ substance P Ff TAHA 7247 (primary afferent
neuron)yE QYL E N EBEEAE ek B a5} gy
(Basbaum and Fields, 1978; 1984; nbot et al., 1984).
¥ Zo]A serotonin M EAE-L F= | (midbrain),
= W(pons), @F(medulla)e] B-AHz =FAFA (reticular
system)el] b =7 Sl (Anden er al, 1966; Bjorklund
et al, 1972), 53] AN FLHAAME=
enkephalins, cholecystokinin, thyrophin-releasing hormone,
y—aminobutyn'c acid o] serotonin® T ERfsl= 7lo]
U7 ek (Kalia er al., 1984- Kiss et al, 1982). Serotonin
< A= EEY d5e 5 A g2 o8 A
}‘]‘13’“‘ AAF %(presynapllc nerve terminal)® 85 o],
monoamine oxidase (MAQ]| &]8)] =ho}w]=8}%] T aldehyde
dehydroxynaseel] €]sj AtEhslw] 284del 5-HIAAZR=
AR A e U2 dFE F AN M E &
Asl= gA e Wheste] ARG A S %‘E,’ A =
Yaksh®} Tyce(1979)] w2, 24=elA8] serotonin®
o] 2-AME 2 ¥ (iontophoresisyE -84 Ao ¥hEEl= I
Zk(dorsal hom) F$21¢ &2-2 Azl 7oz HIH
T 3)em, o]l A=) b ]'°4 sl £ -3
Az 7 (intrathecal) 2. F=U ¥ serotoninl] &)} =]
E2M-g Ay, 5 349 F919 S sa
F3l2] A7 ATl M= AAE 4 it Mayer et dl.,
1976). ol&gt A=l 218} tail-flick latency-f] 271 p-

tophan <

substance P,

CPA%] HA 2o ¢]3le] Zk2E™ (A e al, 1972; Ai-
mone e! al., 1987; Barbero et al., 1985; Hammond et
al., 1984), p-CPA°l| 98} E#= 5-hydrotryptamine®] F
ofel] oJsle WA o] EAL 1 AA7}L A7|A=e] &
H= Z7MAFICHAK et al, 1975). Serotonin®] AFA 2l
tryptophand] S| M= 7|z} 23 2 FEIr} FrE
tMalin et al, 1990). E3F  low-current IIansc1amc1]
electrostimulatioion(TE)el] 2)3F ZE g3} TF paloxone
3 p-CPAd] 93le] 71Helm, of3= 01%‘:’] T'v:z:‘—-i
WelA opioid®} serotomergic activityell £]8] F=E= A
£ oJwjglt.

ole} Ze] tryptophane F5-S X =3led o=lF &
= 7}R}, serotonin ATAL] #HEA E3l= serotonin
8] Sx=o o8 Agsich el B2 2lFe] glel
tryptophan¥h2 2= 2] serotonin -2 F7HA1Z 4= 9l
A%t serotonin #H A EEIE 28 4= glok(Trulson,
1985: Lookingland et al, 1986: Grazia De Simoni et al.,
1987y AT+ AASTE U= 9e}b. 28, Schaechter
(1990) 52 serotonin®] Hw]7} AlZ W serotonin TF
vlE el sglod, 27 Yoz he Fu sse
serolonin®] <F-2- tryptophan hydroxylase2] ZAle] 2]
2, webd wyptophan?] $-&5of ofs] ARG
RHasigie), st w2 A8 F3Eo] =9 tryptophan 4
Fo] E71E9E 9 in vivo(Broderick and Jacoby, 1988 :
Carbori er al., 1989 :De Simoni er al, 1987 :Joseph and
Kennett, 1981 : Termaux er al., 1976 :197)% in vitro
(Schaechter and Wurtman, 1989 : Auerbach and Lipton,
1985) serotonin®] 2|7} F71=E 98-8 HodFgo),

uEba] B Adejad= A o]e ]5]""1 X7}l serotonin
A4l wyptophane] serotonin®] ZAEEAE it 5=
ShizA] ok, wyptophan B o) € 2l mhe2ef) A
hot-plate 2] 33} phenylquinone-writhing A 8 & ) 5}
ABqHNE 24T, ¥ serotoning 12| dAFEQ] 5-
HIAAY] FxF N3] A5Eatele| A& Al ¥ T4}
ghe,

Al
=

1

e = e

AEAE W Aol

o]t ICR male mices MeWTL APTE A
oz RE kel 7-1mRHY o] AF 55 A o
v TPALRS HelmA] AREElsdvt. 2 F, A ol
tryptophan B7HAe] o8 o] 7 AFAle]r |35
ZF A3 AEE FAs o] W], == 20-25°C,
FEE 55% A, WeFIIE= 1247F 344 (08:00-20:00)2-
2 fR=E9eH, E5 Aol AHrE o] AHIEF sl
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Table 1. Composition of Experimental Diet (g/100 g diet)

Ingredient Control High Tip.
Corn starch 64.7 64.5
Casein 15.0 15.0
Corn oil 10.0 10.0
Cellulose 5.0 5.0
Salt mixture(l) 4.0 4.0
Vitamin mixture(2) 1.0 1.0
D, L-Methionine 0.2 0.2
Choline Chioride 0.1 0.1

D, L-Tryptophan - 0.1/0.2/0.35

Tryptophan E.7}4]e]2] wyptophan - 4ol 0.1,
02 035%= sl B Helet T disE 27 o

1 9 S BEE AR Dbl 1. 1B 4F
BRI} T I, AAFE HE eI

(AE]H-UJ o] 1)

25~30 g%] ICR miced AA}2 o] 23 A3
rel 3F7F tryptophan 0.35% H7¢al el & A

Alg4]o] 2

25~30 g2 ICR mice® 371A] AgAo]F-0 2 L]0
7} tryptophan 0.1%, 0.2%, 0.35% X7} 0]& 4]
Al gt

olgoz 1
s e,

ﬂ _P_t

—

3}

4_}];’

HESE s8ld & AETE

A2 o) 23} wyptophan B4 o] #-g B7tlele] A X
2} injection test?] treael] WEl W] ARE RS
7t w2 10~157} 2 &19iv}. Decapitation WPH o2 5[4
stasioda, = FAs) A AL S48 I F
54 HE HE3le] WERAT0CHEIE B4 ol
Ssiet.

| f;.,'_:l_ | ==x-|

Phenylquinone-writhing Test

FEESS] F4-2 phenylquinone-writhing testZ- ©}-&
BT} 25~30%2) ICR male mices)] 0.03% phenylquinone
S-S Brlpalsle] Fo] F 208719 withing B15E Al
9w}, old phenylquinone 5% ethanol AJ2]24] <ol £
HAIA ARSI FARERRE 4.5 mg/keel ST

Writhing phenylquinone 2 A7 Jdel&d &
W sretchS 71E0FE sl A e)73 tryptophan
B0l 279 wiithing 45 vl 13le] AFEA) AF
2 Akoket pHEZE AR
80 mekes] £30 2 Fofalgich

Hot-plate Test

55°CE FA == date] ICR mices: T2 F
Wsled ¥kEsled jumpE sl AlZHE

%1%5A) acetaminophen-2-

24
Z end pointZ 3}

fedadofl ChEr Si5H) 313
o $% 94T AP

Serotonin &3 =X
Curzon(1970) Hhel 2la] 248l ¥E cold acidified
n-butanol2. 10 ]’“6]-04 1'__7‘7‘1 gl & 3000 rpmel] 108
7k A, AR 25 mE Al &7 F oo
heptane 5 ml¥ 0.JN HCl 0.4 ml(0.1% cystein ?f}-n—)ﬁ-
Pol 733 ket = il Relsieict ‘1“%@] 3
7

Ea} _,J_B]--cr]-t]- 7t FxFoA 15—r7]' ch’] + ﬂ%ﬁ-
Y7ZhA)AH activation 360 nm, emission 470 nmellA] £33}
)
Y et o

5-Hydroxyindoleacetic acid &2 &M

% cold acidified n-butanol® 104 3|43l T3}
g F 3000rpm 10%-7F 4B AR 2.5 miE
A& el £7 % n-heptane 5mie} 0.IN HCl 0.4 ml
(0.1% cystein ¥-irE Wol 2E3s) I} F A42e]s)
Gt g]e] Al 6mlel 23-dinitrophenylhydrazine rea-
genty 2ml 9l 3083t W8l o F CHCl, 25
miE 92 F 2 F EE £ F dA2HNA 701F
A A& TL ﬁW CHCl, 25 ml2 gke] #A)& HbE: a}oﬂt-}

44 25 10ml #HI F NaCl 4 g5 ether 25 ml&
Wi S AAR

S—E'-Zl‘ ETE T 4Bl Y Etherd&
A2g 1 migs] 0.5ml nitrosonaphtol reagent%— o

g

ol

3
3! nitrous acid 89 0.5 mlE Ar7ElEY) o) & A1
37°C g2 5zoA 5% g4t 7kde 5 W2A|ZE. Eyl
acetate 5 ml= 73} 3?— E= 3 Ale] 2al¥l & ethyl
a(,etate-—- ANASR oA S99 AAL whEEldw iR
489 F& 540 nmell M —E-ﬂr F FA s

EAHXe|

AP A7 SPSSE o83l 7 Agyrlct HFEEE
FHZ A ABIIIAL, p<0.05 5ol 4 Duncan’s multiple
range testel] &sbe] F7ke| o) AlS AHESEC

oz

ne

REER

HE o Holds{ee Hst

3 3t 0.35% tryptophan 27}l o] 5 H 2 o] X
e ‘ﬂﬂ—* Table 20l WFehigiet. £ Agexe A
ol Mooz AFe] HEE AR E
Aol vls] tryptophan B7F2e]e] Al%o] 07]Zl'°]
At fol M 22 ZhAasld th(p<0.05).

o]} ZF2 tryptophan E7FA ool whE A W Ale]4
ko] WHE H|H B AnE7] s Agiele] B}
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Table 2. Changes in body weight of mice fed tryptophan sup-
plemented diet

Age On diet Body weight
(weeks) (weeks) Control diet 0.35% trp diet
5 0 25.84 + 2.96°  26.66 + 4.69*
6 1 2635 £ 3.23° 2453 + 4.56°
7 2 27.68 £ 3.500 2510 + 2.582
8 3 3003 £ 3.74®  20.19 + 3.26°

*Means with the same letler are not significantly different at
p<0.05 by Duncan's multiple range test

F=(0.1, 02, 0.35%)8 2Esle] FHAsle] Hboh(Fig,
1,2).

A 0le] el T2 AT AT AelaiF o]
tryptophan 2.7} SFe] F7lge] we}l 7H4dle A3 B
2}, 7 ARE felFa Aol 91%irh(p<0.05). =5t
22 ARZHNME Aol FZt 2 Fe] Alde] Alge]
o2} Zhasbe AdE Belovt, Aol A4 194
o} 1945 A3 T= #H 2] B Ho)x] gkt

Food Intake{p/day)

L= AN B > B - = ]

Time(day)
[-%-0.1% Trp - 0.2% Trp -+ 0.85% Trp|

Fig. 1. Changes in food intake of mice fed 3 different levels of
tryptophan supplemented diet.

30

R

N
<

Body weight{g)

—r e
< o ;

0 1 2 3 4 5 6 7
Time(day)

|-%-0.1% Trp -0.2% Trp -+ 0.35% Trp|

Fig. 2. Changes in body weight of mice fed 3 different levels of
tryptophan supplemented diet.

(p<0.05).

2 Ag A= typtophans FolH-2 @ (Lanthmand
and Blundell, 1979 :Ng et al, 1992)¢} tryptophan X7}
Alo](Kim, 1990 : Lee, 1991)l 2Ja) 2]o]d& sz} 2S00
Zhslsiohe Xusl 9x|ge}. olet & typtophan B
HMojof| 25t Ao dH gt A Fe] = AlES Yo m
g AHeME Ty (Leiter et al., 1987 ;: Heraief et
al., 1985),

Tryptophan X7 2 ool )8t AF=} A o) Fgke] 74
3= ZA< tryptophan®] B7}e] <& =2 serotoning]
Aol SIS, ool uhE 4)8-4&}(Sidransky, 1985)
o 2l alo|dH A} AFo] Fhaw Aoz AT

Typtophan 2ZH|0|9| s=2} SJ7(2H0| WE HEST

Typtophan H7}2] o]e]] &3t E57]7kee] W3IE Fgs}
7] $fsted & 71 AlgE psigie

Phenylquinone writhing 4] 32, 0.03% phenylquinone
e B FAsled Fof AFHE 2087F9] writhing
H4E Al9oh. Writhing2 phenypginone F-o] 2 l3}ed
A7) el & W sretchE 7]F-22 stg L, AAH
Ale]## wryptophan 2714 o] F7ke] writhing & )3
3le] ZEEAL] AEE A

NW of control group-NW of trytophan group
NW of control group

X100% (NW : Number of Writhing)

WA Fig. 39 A%E Ay, A7} 0.35% trypto-
phan X.732]e]27ke] 21342l (p<0.05)}e] 7} Q)& o 5
Ut A o] T2 B o] FH T} stretch response
latency”} 60~200% 7F it ARl E 15Ut I+
Bl = A o]t BIFa ol el A] Apo] 7} wpom | o]

b

25

15
10

Nurnber of writhing

ANANAN

1 2 3
Weeks on Diet
| W Control %0.35% Trp|

Fig. 3. Effect of tryptophan supplemented diet (0.35%) on pain
sensitivity measured by phenylquinone writhing test.
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Fig. 4. Effect of tryptophan supplemented diet (0.35%) on pain
sensitivity measured by hot-plate test.

H Ak Ao 25, 37 FFFNE v|5EA
257 o e R - DA b= e g P e S O Rl i
gl Zo)7} veh4x] ekskel(p<0.05).

=gt A4 ’11‘3]4"} Halo|Ez}e] writhing S5 v
sl ZAFEINS) A¥=2 42 FulFig. 3)E AR, A
o] 4 7|7t E}E} H7kAloldo] 59-70%2] &g 1}
Rl S o o gl

:Lﬂ_]. hot plate A&-& E3tdA% tryptophan H7}4]

Joll 2]k £5H 71}54 ik =g “"el?#;d—tﬂ o= 55°CE
“?r] He gl #E 29 ¥ A55E jumpshe Azt
Z2ye A9 0T, 602E cut-off valueZ A3t}

Fig. 4¢] A4E Aw v, A4 ]-_r“]- tryptophan Wiy

o~

Aokl 249) (p<0.05)7] 7}  slet. A4
APolE-e oozl Hla] 513 Be) $, o
H3t A A= oA HAZ Dol Leled A0

g gk W] Azke SAF ©1(1991)9] AFNA A
s o] gto] WIkA ol Z R} 6~8.5% We] uhgalE: A7)
o} frakstct.

Tt zh Ae]o] FF7(Zh wEiE folEe] WIS
g o gldoh o= Tt AERE T ool AdE
phenylquinone-writhing A%$] 73-5- 33717}l oh2 $-2|
A<l Wt doviA] ok A YX|ge)

o2} 7ol 0.35%2] tryptophan E?‘V:JO]E' 2717} A2
g Adwels AFaI ) et AL TR F, )
o 23 181l Awxe] Bk olE Mg ’é‘%ﬂi"d]/ﬂ 9
AEEAZ dekir] 13l 0.1,0.2,035%2] B72elE
A% AHF)A phenylquinone-writhing A]&-2- #8153
}(Fig. 5).

H7tAo]8) W7} o) ulbl 7|zhEe] 2 BEAE A
B, Bk ele] Biks el wlebre felA gl Aolrt 1t
ehA] edoket. aEt ko g 1F:Uzke] Z)7Elell

20 3

4]

Number of writhing
> o
f

o

Days of diet

|-w0.1% Trp = 0.2% Trp -+ 0.35% Trp|

Fig. 5. Effect of varjons tryptophan supplemented diets (0.1,
0.2, 0.35%) on pain sensitivity measured by phenylquinone test.

Bk elo] Fg7|zbe] Apg AT Eap) & AL et
WeHp<0.05). ol=igt %7]7]'4 alolggoll A viehd Aok
ol A Al 277} Feke] Fa717k(, 2, 353k “rr—]
AQl Aol7t gy Ade o P2 B 2959
AN EE 7 Fol BT 1949k 93 <) (p<0.05) Aol E
WA AL AZEAN7F 718 LR v]Fe] Hel HofA¢
serotonin®] °Fe] 197k tryptophan B7FA o]ef] &&=
F71%E Aoz Wl

olelgt AdE AHHE HASE uyptophands F-§-
(50 mg/kg/dayy 7). Yuwiler(1981) Aoz g 4
%1&d], wyptophan®| E-gof 2Js] 1Y serotonin®] &
=7 B 12327 F HIAE vehd F o] e
FEOZ FHasled s A&s]A] B8y, 2dAFEE
serotonin®] 7| FEie] Z7FelaT

E Aol A3Z gyptophang H7FA|Z1 2] ]7]‘ A4
o] Br} st EAla) galTel He& AFEA) oSS U
ourt. dhlR e g B FIe] £ of4H= Bc}t}j‘é S
acetic acid, phenylquinone, fomalin 52| #FE3g F
OE]?""]‘ % stretching A5 2318 vhi A} )=l
< 713H Randall-Selitto A&, Hzlof] HAtdE 7hskrAvt
ARFTES JAT 259 Gl -SelEol Gx}5l digt
WS B A, |1 gAFH A7) AFE T
S0 olvt. o]=d WHEZ Flste] T A= Aol
of ulzl ukgehe AAAEA Al Zpol7h 9lA et

g} el AR o8k A= wyptophans E7F
AlZ1 Ao 7} wiafell A g} ATl WA FEAE-S Bel
oh= ©](1991)2] 23, tryptophane] ZAHE {54 AlelF
Hel Fe} glAlgl AlelE Hel FA H/NRFE FHE
o, 7}A1Ql 4]e]#e] tryptophane] HPE Ale|He} AEE
7} FojHe 2 E9lvl= Messing(1976)2] A¥ Hale}
&7 serotoninel] £)3t AF 8 I} Hoksk A=) s 2
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concentration{ug/g)

cC2 c-a T-1 7T1-2 T1-3
Time{wesks)
[m Brain 5~HT 7 Brain 5—-HIAA |

Fig. 6. Effect of tryptophan supplemented diet (0.35%) on brain
serotonin and 5-hydroxyindoleacetic acid concentration.

48 ol o4 5 Aok
wat x}egﬂ Ale 2 & Seltzer(1983) B¢ A¥ A5}
o 9&}d, 3¢/day?] typtophand APl E-8A17E o
placebozol] H|3led 71 5 WA HAE Belch

9] serotonin CHA} Ei5}

Aggale]l FF 1,2,3 F2] ¥e] 5-HT(serotonin)®} 5-
HIAA $E%% FIU 6o “epigict ¥& SHTH S+
tryptophan B74A] o] o] AAbZe] wle] o2z Fris)

AeHp<0. 05) =3 Aol E FF7IZ] WE FEe]
R} el ol edgkort, WapAlo| el e 33712l

e 5-HT4 FE7) 159 2770 FroH AelE: R
H(p<0.05).
Tryptophans- B74F A8 433 A% up/LNAAY]
18o] Z718t= = =29 wyptophan®] FHFel 57517
32, ©)2)8 F71= tryptophans serotonin® 2. F1&HA] 7]
+ B4l tryptophan hydroxylaseZl Esps#] ¢t 9lo
T2 (Km=dir 25M in vivo) serotonin® F7FHe 7F4.97]
el A 2

°]2)3 A#= trypiophan TH-2 S7HAIE A A= W
A]2] Z=x]AlCateral ventricle) (Temaux et al., 1976)3%
Z-3(nucleus accumbens) (Guan and MaBride, 1987)2
2 wAE AR E8]E= SHTY e SR 2
e} n)ah FAFE Bl

5-HIAA% S tryptophan E7pA]olZo] AAkZEe] wis]
%2174 (p<0.05)0.2 ZE7}sle]om 2%3s} 377l 7S

Brpx ol Well M= frol=gl Aolg Bt

o)218t A3 tryptophan Fedel] LA Ao 5.
HIAAY] %7} $718ehis Amold 5(1986)] e} <
2| g,

BrFNole] o)t ojel k& 5.HT2} 5-HIAA ¥=] &

i

I8 F o BERIARY A3 A AHE o,
serotonin *hA} WERe} FFAEpe] FAE 4 ¢ ok
&, 5-HTY| Fxo} A1E2Me-ae vHEHA S Bedgr, of
218} A3} chronically implanted intrathecal catheterl]
23t serotonin®] ol A2 hot-plate testd} tail-flick
testol|A] Fojafe)) w)Esl= W latencyd] 1S 2ok
£-(1983)9] Ao} dA|ghe,

+ Schmauss

Qo o A=

Tryptophan ®7}A]e]7} Fo] FFRIzt=e] a2l o3k
2 dolHIR} BAAele] FAT FFVIE EEEe
hot-plater] @7} phenylquinone-writhingA] -2 #3le] 7%
BaE EA8)9 D, =9 serotonind 19 thAMEL] TEE
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