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ABSTRACT

This study was designed to confirm the effect of dietary protein level and oral administration
of tryptophan on brain serotonin metabolism. Two animal experiments were conducted. The
objectives and results of each rescarch were as follows :

In the first experiment, it was investigated whether administration of reserpine to Sprague-
Dawley rats fed 6% or 20% casein diet induced decrease in scrum tryptophan and large neutral
amino acid(LNAA) concentrations. tryptophan/LNAA concentration ratio, brain tryptophan.
serotonin and 3-hydroxyindoleacetic acid(5-HIAA) contents.

Brain serotonin contcnt of 6% casein diet group was lower than those of 20% casein dict
group. Both 6% and 20% casein diet groups administered with reserpine to induce the analogous
depression, showed the notable decreasc in brain serotonin content when they were compared
with 20% cascin diet group not administered with reserpine. Serum tryptophan/LNAA ratio
and brain 5-HIAA content showed a tendency similar to the change of serotonin content,
but the mean differcnce among all groups was not significant From these results, it could
be said that when the dictary protein level was low. brain serotonin content was decrcased.

The second experiment was to sec the change in serum tryptophan concentration and trypto-
phan/LNAA ratio and brain tryptophan, serotonin and 5-HIAA content when tryptophan was
administered orally to the animals treated with reserpine.

Serum tryptophan concentration tended to increase in both reserpine-treated 6% and 20%
cascin diet groups administered with tryptophan. especially in the 6% casein diet group. Serum
tryptophan/LNAA concentration ratio tended to increase in reserpine-treated 6% casein diet
group, while decrease in reserpine-treated 20% casein diet group. Brain tryptophan content
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was increased in both reserpine-treated 6% and 20% casein diet groups, However, brain setoto-

nin content of reserpine-treated 6% casein diet group showed a tendency to decrease, while

that of reserpine-treated 20% casein group increase. Consequently, the effect of tryptophan

administration on increase of brain tryptophan and serotonin confent in animals treated with

reserpine was far more excellent in 20% casein diet groups. It was concluded that dietary

protein intake and tryptophan administration increase brain serotonin level.

Accordingly, it was possible to confirm that brain function, particularly in aspect of behavior

related to the serotonin, was changed with manipulation of dietary composition.

KEY WORDS : dietary protein * tryptophan - brain serotonin.
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Table 1. Experimental design of animal study
Exp. period Exp.I
1 weeks Exp 11
4 wecks 2weeks
Treatment dietary casein reserpine dietarv casein uryptophan
group level( % ) administradon level(%) administration
level(mg/day) level(mg/day)
C20 20
C20+R 20 2
Expl ] )
C6 6 -
C6+R 6 2
C20—TRP 20 - 20 AT —
C20+TRP 20 -~ 20 40.35
C20+R—TRP 20 2 20 —
C20+R+TRP 20 2 20 40.35
Exp 11 .
C6—TRP 6 - 20 -
Co6+TRP 6 - 20 40.55
C6+R—TRP 6 2 20 -
C6+R+RTP 6 2 20 40.35
C 20 :20% casein diet(contains tryptophan 0.54mg/g diet)
C 6 : 6% casein diet(contains tryptophan 0.16mg/g diet)
+R ! reserpine administration
+TRP : 20% casein diet with wyplophan administration
—TRP : 20% casein dict without tryptophan administration
A3t 6% casein 2 o) o) celluloseE 71514 7) rescrpinc2 scrotonin $H41-& 918 wryptophan T A}
WEe] F A9 Aelzol AP G Aol7h v HPolE FTL WA L2 A scrotonin FE
6% A% WTH Madras®Ve) &3 Aeo] A & T&hA7 FAF 252 FEAFRE rescrpines
Fe 094 %74 FANA BN A B Qrel AU AR HE AFAo o
A& W BAS free ryplophan Tw7t A FrHz StH B4 1EY B2 FAREET @A
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Table 2. Composition of experimental diets

(/Kg diet)

diet 20% 1 8%
ingredient casein diet casein diet
Starch 650gr 650gr
Casein 200gr 60gr
Comn oil 110gr 172gr
Cellulose — 78gr
Sale mixture *1 40gr 40gr
Vitamin A & D Iml Imi
mixture *2
Fat-soluble 2ml 2ml
vitamin “3
Water-soluble * *
vitamin “4
Vitamin B 12 *5 Iml Iml

“1 20gr calcium phosphate(dibasic) ; 2.96gr sodium
chloride ; 8.8gr/potassium cirate monohydrate ;
2.08gr potassium sulfate 1 0.96gr magnesium
oxide ; 0.I4gr managanous carbonate ; 0.24gr
ferric citrate.6 Hp0 : 0.064gr zinc carbonate ; 0.
012gr cupric carbonate ; 0.0004gr potassium io-
date ; 0.0004gr sodium sclenate ;3 0.0002gr chro-
mium potassium sulfate ; sucrose(to make 40gr
totally)

#2 O.lmg retinyl acetate and 0.0lmg ergosterol/ml
corn ol

*3 25mg tocopherol acetate and 1mg menadione/ml
com oil

*4 2000mg choline chrolide : 10mg thiamin chro-
nide ; 20mg riboflavin ; 120mg nicotinic acid ;
10mg pyridoxine ; 100mg calcium pantothe-
nate ; 0.05mg biotin ; 4mg folic acd ; 500mg
inositol 5 100mg para-amino benzoic add(/Kg
dier)

"5 Viamin B 12 0.0lmg/ml distlled water

< 2597 F9sIda npAT 3y 7o) E 0.001gr
oz FEFFed 2L A B FEL
A7) SR AE W & 5 A A ATE
w87 A3 Aok
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seinof) = 269mge] tryptophano] &89 o] glt).
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2) S| tryptophan, serotonin % 5-HIAA £

A% 29 %3 ayptophan %2 Bloxam and
Warren ¥R%%400] 2] spectrophotofluorometer
(Hitachi’s model 650-10 §) & A28l 843359}
Z, dAF05g )2 FH 2 smig) cold 12%
(wiv) wichloroacetic acdd(TCA)S &7 homogeni-
zer2 FAZAAC TANRE 4T A 3000rpm.L.
23R e H, 2 A5 Y 100uE FHaly
2mle] cold 10% (w/v) TCAS} 34 18000rpmel] A

10870 ohA] A& &k o 459 2mlE
AN@Ho) B 0.2mle) 2% (wh) formaldehydes}

0.1ml2] FeCl; (0,006 M)/10% TCA &2 H7}sle]
Aeg e £ 4 GoiR 3-_} T 99~101T S
Bl 1A FRAAT o1AE &AM 4E
% 10% TCAE Alg&he 2ml§ By zx4& 3
gt Tryptophan F= A& 9% excitadon
Ao 373nmeol® emission HA-L 452nmo) ¢l
Tryptophan stock solution(250nM/ml)-& 0.1IN NH,
OH=Z 1:1009) vj&= 3B|AMAlA smndard solu-
tono 2 Al239gct Fu serotonin® 5-HIAAE
Curzon and Green ¥MH4Do]| o]g] BA519) &
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FAelS 3000rpmoll A £ 94 BEE F 2
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5.3t F EETh oA FUE ZdAA g4 #
&3k F organic phasex= 5-HIAA #4d] AL4-5]7]
oa] Bl F1.0.9 aquous phases WE 3}

=

0.004% (w/v)¢]  orthophthaldehyde(OPT)/10 N
HClLE F74sln 53] 48 ¥, 8= 59 1027

ZRHT ©)8 BTE AF specrophotofluoro-
meter 2. excitaion 3H4¢ 360nm, emission 34 470
52 Z2Fs5t9tt Serotonin
stock soluton(60ug/ml) & 0.1% (w/v) cysteine/0.1 N
HCl §422 1:1009] 8§27 &48a] standard
solution© & Alg3lgct g3,
HIAA 5% =3-& 93] 0.5 M phosphate buffer(pH
7) SA47 g4 1087 F 42 &, 3000rpmel A
et 94 Essth oW 2€€¥  aquous

nmoll 4 serotonin
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Lk

phased 0.2ml ¥ M2 & APPo) EF51d 5
Al ol 1% (wiv) cysteine 243 cone HCIS
e F 0.1% (wiv) OPT/methanol &3 0.02mle]
0.02% sodium periodate €& H7l5o] = &
ol A 1087+ FHdr}t 2502 218 specwophotof-
luoroeter® excitation 3% 860nm, emission T3}
470nmo)) A 5-HIAA 55 =F3igrh =o=
Ag P 0.02% sodium periodate 847} conc
HCIE WA "7}l 308-F 0] 1% cysteine £ 7F
0.1% OPT/methanol £-¢-& A7}3 7, 99} Fdgt
THeE FxE S A Xl dg
blank g 2.2 A}E-8l99th 5-HIAA stock soludon(15
ug/ml)-S pH 7.0 phosphate buffer soludong 1 : 100
g ¥ie=Z 343y sandard solution® = AFEF}
Ak,

3. ARe| 4 Az

Exp. I, I19] 5% 43 A8e 4¢ 9% 4
vy S ) 23} analysis of variance(ANOVA) B2
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testol] o)) 2 T8 HEATY F94 AAS 8
Aok =3 2 AP AAHA L Y] adE FF,
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cruncher statistical system, version 4.1)/PCT ol 2]3}
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#n 3 o

1. Experiment I

Exp. o4& 4o] dld +=F7 reserpine F
<7} 2132 834 uypophan ¥ F4 o}n|=4HE 9]
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Hate] nmaje G vjussh

Z
=
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Table 3. Food consumption and final body weight
of rats in Experiment T

Food consumption Final body weight

ou
group (er/4 weeks) (o)
o

C20 550.7+ 686 b 208.1£18.8 b
C20+R 3458+494 b 217.8+28.0 b
C6 $19.5+39.7 ab 152.8+ 14.4 a
C6+R 3094+ 446 a 150.5+£16.0 a
significant

. A A
factor?)

1) Meanz* S8.D.

2) Values with different alphabet within the colurmn
were significandy different ar a=0.05 level by Fi-
sher’s LSD test

3) A Effect of dietary protein level was significant
at 0=0.05 level by F-test

6% casein f‘—]O]—_rLO] 20% casein 2ol BT} F i)
4% 2 AF £59) AFE Ao @ud $2)
e G149 AolE Hel 6% cascin 4010l
20% casein 2]o]THT wokth

T} 20% 9 6% casein 4] o]l reserpined
=ojg)e w Aol HFH AFL FAHA WA=
Bo|x) @it gutAo 7 A7) FES dFHsHE
z2o A8 74E, §5 A, AT TLe FAE
VoMM ook Bk AUl Vel £ AF
dME 48 522 F4 scrooning W7 AN
= § reserpineo] Ao] A Fo|t MFo| TS
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Table 4. Serum large neutral amino acid concentradon of rats in Fxperiment T
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Large neutral amino acid{ LNAA)

Valine Leucine Isoleucine Tyrosine Phenylalanine Tryptophan

group

21

28051494 ¢

1}

110,21 39.7 ¢ 12631477 ¢ 97.1+27.3 be 10859+ 298.7 b
89.831 11.6 ab

174.1£36.8 d

2956+ 21.4 ¢

G20

900.7+ 159.8 ab
806.6% 446 a

91.1£ 13.5 ab

83.7112.8 ab
700+ 143 a

1379+ 254 abc

217.8+ 484 ab
216.6 16.0 ab

261.3% 54.9 be
213.1+20.3 ab

198.4% 14.8 a

C20+R
Ch

5.7 ab 7361 16.0 ab
727+ 138 a

91.8%
820+ 6.4 a

138.61 12.6 abc
11521103 a

7274+ 61.1 a

188.7x 79 a 7042178 a

C6+R

signilicane

Factor?

1) Meant 8.D

0.05 level by Fisher's 1SD test

9} Values with different alphabet within the column were significandy different at a

3) A Effect of dietary protein level was significant different at o

0.05 level by F-test

0.05 level by F-test

B : Effect of reserpine level was significandy at o
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Table 5. Serum tryptophan/LNAA concentration ratio and brain wyptophan, serotonin and 5-HIAA contents

of rats in Experiment I

Serum Brain Brain Brain
group ryptophan/LNAA ayptophan Serotonin 5-HIAA
(ratio) (ug/g wet wt) {ugfg wer wt) (ug/wet wt)
N.S. N N.S.
C20 0.102+£ 0.034 36X 18 b 1.99£0.37 b 0.50£0.41
C20+R 0.114% 0.009 7.1£ 1.0 ab 1.35£ 020 a 0.32£0.06
C6 0.102+ 0.025 7.5%£ 0.7 ab 1.16£0.21 a 0.51£0.08
C 64+R 0.111£0.017 6.2+0.7 a 1122029 a 0.274 0.04
significant
f:j: o A, B A, B, AB
1) Meant S.D

2) Values with different alphabet within the column were significantly different at @=0.05 leve] by Fisher's

LSD test

3) A Effect of dierry protein level was significant at a=0.05 level by F-test

B Effect of reserpine level was significant @=0.05 level by F-test

AB ! Interaction between A and B factors was significant ar a=0.05 level by F-test
N.S. not significant at 0=0.05 level by Fisher's 15D rtest

— 239 —



vl F HF el T4 Serotonin tiA}

A 2ol FoFEd zfole gl

wekA £ 43 23275 53 serotonin FFE
A myprophan =2 WEte} W] § APE Ho
6% casein 2|o|e] 20% cascin 4ol R} H2
oz Yottt w3 6% casein 4ol T ¢ T4 sero-
onin 8- reserpined F 8 20% casein 40|
o9 ¥ serotonin FEET ¥ wokrh 1y
6% casein 2lo|stT} 20% cascin 2 o]Tol reser-
pineg FoFHHE W Fx seoromin FEL 0%
casein Aol ol A FolF oz ot} 20% 9} 6
% casein 2] o|¢ol| T vyptophang] ¥ 7}17]
Ao] 1gr 0.54mg, 0.16mgS. %) 20% casein 4]
o] 2] uyprophan A% 6% casein 2 o] 2
oF 3uj7F €k 29 H ¥ ayptophan F=E 6%
casein o] 7ol 20% casein o]l e 75%
Fof] ol21 Yo™ reserpine FHF 20% casein
Alo]Fo] 3 uyptophan FEE 8% AE Ui
oo whate] 6% casein Ao|To] FEE FA
B skeh ohui Awy HolE HATL B ¥
o}7 T3 serotonin FFS FA37] Y3t 7] = o]
ZHEE A} e T4 serotonino] ¥y Folz A
reserpine®] g g X7} gAY Ao A
s 2 ¢ QAT

Serotoning] T4 AFA ) A oyptophand I
Ayl g3e T4 olvlxeite] tig AdH
Fx B g o) FHE o|FTE 1 olF =
e} 3 serotonin A -&¢) WaFHT L G A
ey 2y B AgoA] B3 ayprophan/LNAA
Hge 2ol WA reserpine T o35 79
A Aol HolA] et ol AF Hold &
88 FFo] FUsYr Wi A F4 of
odte] i@ Qdpde AAY} o= FE A
He Ro)x, T Ao jF e BE A
4 ofvieAl HE Wl Hlsd 4T FA7
fEoldtn AAg ¢ JAY FH, F seroto-
ning] AU ZIAHQ AP 2H§-2 monoamine
oxidased] o]g Polgl ¥l o & T thA} AE R A
5-HIAAZ} 371t} % serotonin thAF #4 & end-
product inhibidon®] glthe HelA F3 5-HIAA

43 53 seroonin FAL9 FL AH7L 2
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scrotonin §H&F WEE whdd o= ¥Hch
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reserpined- L= gl-S of FF 2] T serotonin F
Fo] Yol g g oenz o] 4 FEANA
6% casein 4| 0] 9} reserpine F 2 YopR T3 se-
rolonin $&& 3 EA|7]= B 20% casein 2] o] <}
uyptophan Fe7} oj= Fwo] &35 vpepl A
Sotruz g S FHAT

2. Experiment II

Exp. IIofjA Exp. 13 Zro] o] pyd 423
reserpine 012 gejste] AHE AMSH H, 2
A8 T3 serotonin $£EL HEEF7] Yt o)

e

Table 6. Food consumpiion and final body weight

of rats in Experiment II

Food Final body
group consurnption weight
(gr/2 weeks) (gr)
1) 2)
C20 —TRP 163712203 ab 230.8+164 ¢
C20 +TRP 161.6%X235 b 21821282 be
C20+R—~TRP 17521396 b 236.7£204 ¢
C204+R+TRP 1697544 b 232.3+£26.0 ¢
Ce6 —TRP 1452+39.0a 1844+182a
cé +TRP 15291162 ab 1926£11.3 a
C 6+R—~TRP 1655+18.4 ab 199.6+19.3 ab
C 6+R-+TRP 146.11F16.1 a 1844+14.0a
significant
A A, AC
factor®
1) Meanz 8.D

2) Values with different alphaber with the column
significantly different ar a=0.05 level by Fisher’s
LSD test

3) A Effect of dietary protein level was significant

at a=0.05 level by Frest
C . Effect of tryptophan Jevel was significant at a=
0.05 level by F-test
AC : Interaction between A and C factor was sig-
nificant at @=0.05 level by F-test
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d&L B wsky o
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B vbs) 2ok A9 o 5ok 2E A F7e
Ho] YHAFE folHel Aolg Belx| kot
uyprophan Fei2 thd Fadte AFg B
2e 71zl BAe Az Ho) BuA Fzol
wat {28 Ze]E E 6% casein 4] o]0l
20% casein A]o]ZHU 7iH o, FYA O I -

yptophang Foi@ o A|Fo| Zidte FES

ﬂ.,
il

Bach a8y Ae) gld E3 ayptophan %
Aokl A% #ge] PO 6% casein 2 olF
ol e uyprophan FoiZ HFo] tha FrlEhe
AL B} 833 07 uyprophan £ 7] 7t
20% casein 2| o]e] A Fo] 6% casein 4]o]F KT}
FelFHo® E9kom wypophan ol 3 FH
AE e & 4FE FA vk w49
EE94 mypophan Fcio| 99 o]FHQ Rzt
£& gdR Rez YA

2) 83U 4 oot &

Table 70 A Hizulel o] AYF A 2575
¢ 20% caseind]o|t} trytptophang & Wz, o
AW T4 olv=2t FEE 7 F7Hd 930l
Aelgle] H%F £ EAth 1y oypto-
phang FgS of 3 FA opr=it &=
thh FolAw ATE RHOW 5| tyrosine ¥

Table 8. Serum tryptophan/LNAA concentration rato and tryptophan, serotonin and 3-HIAA contents of

rats in Experiment II

Scrum Brain Brain Brain
group tryptophan/LNAA tryptophan serotonin 5-HIAA
(ratio) (ug/g wet wt) (ug/g wet wt) (ug/wet wr)
1} 2) NS.

c20 —TRP 0.119+0.018 ab 741 0.8 ab 2.18£0.71 d 0.29+0.15
C20 +TRP 0.0974£ 0.050 ab 8.8+0.9 de 1.05£0.18 ab 0.28% 0.04
C20+R~—TRP 0.106+ 0.015 ab 8.5 0.5 cde 0.901+0.17 a 0.50x 0.04
C20+R+TRP 0.091%+0.023 a 9.5+ 1.9 ef 1.87£0.20 od 0.29+ 0.03
C6 —TRP 0.122+0.046 ab 8.0X0.7 bad 1.28£0.16 ab 0.50% 0.06
Cé +TRP 0.10840.014 ab 6.1£06 a 1.38+032 b 0.24% 0.07
C 6+R—TRP 0.111£0.014 ab 74115 be 1.47%+0.20 bc 0.31£0.08
C 6+R+TRP 0.127+£0.040 b 9.7+ 0.6 f 1.07£0.36 ab 0.29+0.05
significant A, B, C, BC, ABC
factor®) AC, BC, ABC
1) Meant S5.D

2) Values with different alphabet within the column were significandy different at @=0.05 level by Fisher’s

LSD test

3) A Effect of dietary proicin level was significant at 0=0.05 level by F-test
B Effect of reserpine level was significant @=0.05 level by F-test
C : Effect of uyptophan level was significant at 0.=0.05 level by F-test.
AC . Interaction between A & C factor was significant ar a=0.05 level by F-test
BC : Interaction between B & C factor was significant at «=0.05 level by F-test
ABC . Interaction among A, B & C factor was significant at €=0.05 level by F-test
N.S. not significant at @=0.05 level by Fisher's LSD test
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Fig. 1. Brain uyptophan and serotonin contents of rats in Experiment I and 1L
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