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A Study on Immunomodulation and Serotonin Metabolism Changes by
Immobilization Stress in Mice Fed Tryptophan Supplemented Diet
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ABSTRACT

We fed high tryptophan diet(3.5% tryptophan/diet(w/w) to mice for 7 days and treated
them with 3 hour immobilization(IMMB) stress to investigate tryptophan metabolism and
immunomodulation. The levels of serum tryptophan, brain tryptophan, scrotonin(5HT) and
5-hydroxyindoleacetic acid(SHIAA) in the tryptophan diet fed animals were higher than those
of the normal diet fed animals. Feeding tryptophan supplemented diet to stressed animal signifi-
cantly decreased the levles of serum and brain tryptophan and SHT levels. However, the amount
of 5SHIAA which is the metabolite of serotonin was increascd in brain. Plasma corlicostcronc
level was increased by the stress in both groups but the degree of this increasc was smaller
n h.igh tryptophan fed animals. The relative numbers of CD8* T cells, CD4™ T cells and
B cells in spleen were decrcased in high tryptophan diet fed and stressed animals compared
to control dict fed and no stressed animals. CD8" T cells decreased more than CD4™ T
cells. The decrease of CD8" T cells in high tryptophan fed and stressed animals was similar
to that in high tryptophan fed animals or normal dict fed and stressed animals. Stress and
tryptophan supplement acted synergistically to decrease the number of B cells. This study
suggests that stress and tryptophan supplement could modify the number of lymphocyte celis,
and indicates that the interaction of stress and tryptophan supplement on immune fuction
depends on the types of immune cells.
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A1) v Eo] Y 98- (nonspecific response) &
AR old wWgsrt REEY]) fal chordl
A2 A WaE goin) o)  dBAge HEe
RZNAALFD AFEPE -5t — Fala) 2 A
(Hypothalamus-Pituitary-Adrenal Cortical Axis  ©)
8 HYPAC Folzt $)9) #4570, ~E¥
27t AF A A Bukg o g Eohe AL
oju] Big up i), ’“Eﬁﬂ = HYRkE A
gl Z3 AsfES =,
A4 A, LPse} Con AZE muogenA BAIXE,
THE 2d4-2 =], T*ﬂE subpopulauon Q] B¥
Wl 52 dezn. L HEgs] duA
AR pout, 2EHAE tll."% ‘fﬂ HYPAC & &3
87} 275 corticosterone, catecholamine, en-
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Ant-B antbody, ant-L3T4 antibody, anti-Tec A
X antbody= ATCC(American Type Culture Colle-
ction) ol 4 “F Y3t hybridomaZ Wi gk AlE 2] su-
perrlalant—' g A vled AT ATl
FEwgko ™, goat rat Ig serum FITC conjugated
Tago Immunologicals Co. A F(USA) S AME-3}4
o1 L-trypophan, 5-hydroxytryptamine, 5-hydroxy-
indolacedc acid,
Co. AF(USA) S F+9389eH, 1, 2, 6, 7-°[H] cor-
TREA
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oA BE AL AEIR I 99 Aok BE
SgA S AEstE T

17-hydroxycortcosterone-2 Sigma

ticosterone2  Amersham Co.(1USA) ol 4]

=1 /ﬂ(os 00~20 : OO)C’E 7 Zl
steles E3 /%‘01“ Aol AHsle 2 gt

4ole 3.5

4*&"‘012} -%‘*— Q= 4Fs 2AE
AEL 30/100g dietE ZFAA A TH(Ta-
ble 1). o] 52 W% wstduirl FIstdm Wy

4, N=e| g
Aol 7 1 EFEF Ao|Fg Ztzh AT,
2EH A HYFLE Yo AEE FHsAY
(n 7~~8). AATS T 3AIE Et
L35 87 A —“f‘—] ]E:ﬂ- % decapitation YHOE



X734 - Hefel

HAAANAHST ~2EH 2 AT ¥R E 1.5cm, Z2o]
7eme] Heotd] FPow A 9A 8 immobiliza-
ton 2EHAE 3A1ZF Fet FAG F T decapita-
tion ¥WHL 2 HAAFTE ©]EL 111 00~15: 00
Atolell BE EAAADL HHFE FA 7 HEs
&3 —70°C WE L BASATUIL B4
o] 8361, Y AL s F ¥F nd
gt AMESI T VAL HE2F FAE A S PF
HASATT 24A13F o] B 4o o] BT

5. &g 2y

1) Helper TM|E, suppressor/cytotoxic TAE,

total BMZ =&

H| L& o) PBSZ T FHEAA AA5 F A ES]
T8 = 1~2X107 cell/mlZ =AY} o] & 47
negative control$] rat serum, anti-mouse B monoclo-
nal antibody, ant-mouse T(CD4) monoclonal anu-
body, and-mouse T(CD8) monoclonal antibody$}
vEA7| L dHetA] g dAS AAG F 23t
FAQ] goat anti-rat Ig-FITCS ¥H3-A17) §F FACS-
can(Becton-Dickinson, USA) & A}&-3}ed EAgt}

Table 1. Seven dietary groups with two levels of cho-
lesterol and three types of milk in diets

Ingredients Control diet High up diet
Corn starch 65.0 62.0
Casein 15.0 15.0
Cellulose 10.0 10.0
Salt mixture? 5.0 5.0
Vitamin mixiure?) 40 4.0
D.L-Methionine 0.2 0.2
Tryptophan — 3.5

1) Compositiion of salt mixture, g/kg mixture : Ca-
HPO, 500g; NaCl 74g 3 KsSO4 52g 5 CsHsKs0
7+ HyO 220g s MgO 24g 3 CMnO; 8.5g 3 CeHj
FeO; 6.0g } COsZn 1.6g 3 CHyCu,0;5 0.3g 3 KIO;
0.01g ; CrKOgS; 0.55g ; NagSeOs + 5H,0 0.01g 3
Sucrose, finely powdered 118.0g.

2) Vitamin A(200,000 units/g) 4.5g ; Vitamin D
(400,000 units/g) 0.25g : a-Tocopero]l 5.0g 3 As-
corbic acid 45.0g ; Inositol 5.0g ; Riboflavin 1.0g :
Thiamin hydrochloride 1.0g 5 Caldum pantothe-
nate 3.0g ; Biodn 0.02g ; Folic acid 0.09g ; Vita-
min By 0.00185g and Starch w lkg.

7 A E BH9L argon-laser(Spectra Physics 2020,
USA) fluoroscence excitation 488nm, emission 585
nmel 4] 2415915}, Nozzle tipe] AZL 70umS
2.5, LYSIS™ 11 program “}ollA] Ztzte] histog-
ram3 17970 HXE BMstgon, HYLy =
2 A¥E= GaeE A ASIHTT

2) Tryptophan E2F £F

Duggan'® 3} Denkla$} Dewey?® H'H-S &8}t
ARgElg T He WZE 09% saline 8RO E I
HAalg F 10,000g0 4 102 A2 sted FE
< Hastged. 7)o 75% wichloroacetic acid &
Ao 11 HEE 4 F 108 F9 FHn
20,000ge 41 10% B¢ ARG THY
e 3L HS0/NaOWE Bl de Azl
IM sodium carbonate 0.5mlE o] YA E 28l
35 NE Spectrofluorometer(KONTRON) 2.2 ac-
tivation 280nm, cmission 360nmel|A] EF=E

g3t At

e

3) Serotonin EaF =3

Curson2! ¥ o] ol5) &89t HS cold adi-
dified n-butanolZ 104 3] 3led FAEE & 3,000
rpmel A 1027 44221 8H k. & Wl n-hep-
mne 0.1N HCI(0.1% cystein TH)S ol 24 H3]
miE AR sn 1 F=49(0)8 A soluton
oz} &) %ol 0.004% o-phthaldehyde(OPT) &4&
YW 5% Fob kst ek 1583 89 & FER
WZFA)A  Spectrofluorometer2  activation  360m,
cmission 470nm®] 4 &4 dlF o).

4) 5-Hydroxyindoleacetic acid &&F &%

Duggan'?¢] uh8-& ¥R 3] 2H3lgct. Sero-
tonin ZF oA TES F2 A solution®] 2, 3-dinir-
rophenyl hydrazine reagent® 2ml 212 308 &<t
Hhalslgh. 1% CHCLZE 'i5std #71488&
A A& NaCl 4g7 ethyl ether 25mle €31 58
FHFE 3,000rpmell A 1083 AR AIFAE. F
HANED 1mi FHa) 0.5ml nirosonaphthol reagent%—
2 nitrous acid &4 05mlE 7S F s87°C,

4 g £ YZAAIE Y. Byl acetac® F-71

L

[ &)
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Spectrophotometer(HITACHI)E 540nmo)| A &3
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5) Corticosterone &2 =&
CES 100p195]- petroleum ether 1mlE 2 B3]
=9

of 1%

247 & F£4d9%8 AANEY. EtherF &
WA 7| A4 fEH 05mlE HIL 2 o)A I
-k e o] &9 10plef] rabbit anti-corticosterone

hemisuccinate-BSA seras} ¥H8-3k & 1, 2, 6, 7-5[H]
corticosterone(0.15uCi) 10WE Y 4°Cof A 124]
7t H‘i] #}. Dexwman-coated charcoal 2 200ul# @

2 Z 2uker the 2,000pmell A 1083 AR
A1 A Az scindllation 29 4mlE ¥

liquid scintillation counter(miniaxiB Tri-carb 4000
series, United Technologies Packard, USA)E &3
it

6) SAAz]

7+ d¥ 7o AoE SPSsE o) f-sted WEt R
222 VeEgen, Zt d¥xe] HEAY
42142 0=0.05 & 4 Duncan’s multiple range

testo] 2]s) ZASATH
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Days
Fig. 1. Changes in food intake of high tryptophan fed
anmals (O : Normal diet, @ : High tryptophan
diet).
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SAth Serotonin®] FEE I EYEH HolFol  FoHI AolZ Holx] Atrk(Table 2). 2E
Bl vls F7istgon, ZEYAE ¥ AE @S FL UF 5HIAAY FEI E7E D
oW AHo|TH I EYER Hol¥e ZZ  ESHERL BAT 2oFoA 7&"&}”0]411‘:} 5-
2EH2E €A g Fo HF 7$HARE Holuh HIAAY ¥E7F B4 e o)AL TE By

Table 2. Effects of immobilization stress and high tryptophan diet on the contents of tryptophan. serotonin,
5-Hydroxyindoleactic acid(5HIAA) and corticosterone!

Normal Diet High Trp Dier
Parameters
no soess SIress O SIress Stress

Blood Trp(pg/ml) 14, 5+ 1. 6% 1. 6+ 1. ¢ 21. 5+9, 2¢ 16. 51 1. 5
Brain Trp(ug/g) 9. 8% 0. 8b 1. 1£0. 92 4. 2£0. 5 2. 5£1. 5"
Brain serotonin(ug/g) 0.62% 0.182 0.34% 0.24* 0.98% 016" 0.73% 0.14%b
Brain SHIAA g/g) 0.22+ 0.05° 0.38% 0.05" 0.37+ 0.02b 0.25% 0.01%
Blood Corticosterone{pg/ml) 2.42+ 0752 5421 0.40° 2.04+ 048 8.95% 0,524

1) Values are meant $.D.
Means with ditfernt superscript letters within the same row are significantly different at p<{0.05 by Duncan’s
muliple range test

250
b
200 -
S
2 1560
c
o
[
=]
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[ar]
2
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o
50
Blood Brain Brain Brain Bloord
rp trp serotonin BHIAA  corticosterone

Fig. 2. Mean percentages of various tryptophan metabolites and stress hormone in stressed and/or high trypto-
phan fed groups against normal diet and no stress group.
[ :normal diet and no stress, &= normal diet and no stress, “24: high tryptophan and no
stress, [ : high tryptophan diet and stress.

Values shating comrnon letter were not significantly different at p<{0.05 by Duncan's multijple range
test.
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Fig. 3. Effects of 3hr immobilization stress and high tryptophan diet in relative number of total T cell, CD4™
T cell. CD8* T cell and B cell in mouse spleen (NC : normal diet and no stress, NS : normal diet
and stress, TC : high tryptophan diet and no stress, TS : high tryptophan diet and stress).
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il
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1) Serotonin CHAI| O|X|= gt
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A71%e] AsteE RQY AEHEE 2AME RE
HAHE ] 8 ZAAZTY I EYEROZ Q13
2E#H &7t JAF o] KTz HE 759 A3
Zie 1 EYER A9 WY V)5 #HAhe &
et dgAgoz Q3 WY Axe 74 u}
=24 vEgten, 1 Agg 713E 4] A5
Ae o g2 477 g9gsioly Aztd

Literature cited

1) Selye H. The stress of life, pp.6-20, Mcgraw-Hill,
New York, 1976.

2) Torrelas A, Guaza Borrell ], Borrell S. Adrenal
hormons and brain catecholamines response to
morning and afterncon immobilization stress in
rats. Physiol Behav 26 : 129-133, 1981

3) River C, Bruhn T, Vale W. Effect of ethanol on
the hypothalamic-pituitary-adrenal axis in the
rats © Role of corticotropin releasing factor(CRF).
J Phamarcol Exp Ther 229 : 127-131, 1984

4) Vessey H, Babara S. Effects of grouping on levels

—r

of circulating antibody in mice. Proc Soc Exp Biol
Med 115 252-255, 1964

5) Keller SE, Weiss JM, Schleifer SJ, Miller NE,
Stein M. Suppression of immunity by stress : Ef-
fect of a graded series of stressors on lymphocyte
stimulation in the rat. Sciemce 213 I 1397-1400,
1981

6) St fr. D, Dalo] WFRkee mAe 9% o
grE o/ gg]x] 12 1 1-7, 1989

7) Baker GH, Byrom NA, Irani MS, Brewerton DA,

Hobbs JR, Wood R], Nagvekar NM. Stress, cortisol

concentrations, and lymphocyte subpopulations,

Brit Med J 290 : 1393, 1985

Eliseeva LS, Stefanovich LE. Specific binding of

serotonin by blood leukocytes and peritoneal cells

in the mouse. Biokhimiia 47 > 810, 1982

Rozman TL, Freifilder AS. The presence of sero-

8

e

9

—rt

tonin receptors on murine Iymphocytes and mar-
crophages. Soc Neurosic 10 © 726, 1984

- 160 —



AZD - G2

10) Corrodi H, Fuxe K, Hokfelt T. The effect of immo-
bilization stress on the activity of central monoa-
minergic neurons. Life Sci 7 107-112, 1968

11) Curzon G, Green AR. Regional and subcellular
changes in the concentration of 5-hydroxytrypta-
mine and 5-hydroxyindoleacetic acid in the brain
caused by hydrocortisone, D, L-methyltyrptophan,
L-Kynurenine and immobilization. Brii J Pharma-
col 43 . 39-52, 1971

12) Badawy AB, Morgan CJ, Lane ], Dhaliwal K, Brad-
ley DM. Liver tryptophan pyrrolase. Biochem J
264 : 597-599, 1989

13) De Souza E, Van Loon G. Brain serotonin and
catecholamine responses to repeated stress on
rats. Brain Res 367 . 77-86, 1986

14) Paris JM. A comparison of acute stress paradi-
gms . Hormonal respnses and hypothalamic sero-
tonin. Physiol & Behav 39 . 33-43, 1986

15) Bliznakov EG. Serotonin and its precusors as mo-
dulators of immunological responsiveness in mice.
J Med 11 : 81, 1980

16) Jackson JC, Cross RJ, Walker, RF, Markesbery
WR, Brooks WH, Roszman TL. Influence of sero-
tonin on the immune response. Immunology 54 :
505-512, 1985

17) Garssen ], Nijkamp FP, Wagpaar SS, Zwart 4,
Askenase PW, Loveren HV. Regulation of delayed-
type hypersensitivity- like responses in the mouse
lung, determined with histological procedures .
serotonin, T-cell suppressor-inducer factor and
high antigen dose tolerance regulate the magni-
tude of T-cell dependent inflammatry reactions.
Immunology 69 : 51-58, 1989

18) Hellstand K, Hermodsson S. Monocyte-mediated
suppression of IL-2 induced NK-cell activation.
Scand J Immunol 32 . 183-192, 1990

19) Duggan DE, Udenfriend S. The spectrophotofluo-
rometric determination of the tryptophan in pla-
sma and of tryptophan and tyrosine in protein
hydrolysates. J Biol Chem 223 : 313-319, 1956

20) Denckla WD, Dewey HK. The determination of
tryptophan in plasma, liver and urine. J Lab &
Med 69 . 160-169, 1967

21) Curzon G, Green AR. Rapid method for the deter-
mination of 5-hydroxy-trytamine and 5-hydroxy-
indoleacetic acid in small regions of brain. Brii
J Pharmacol 39 . 653-6b5, 1970

22) Lantham CJ, Blundell JE. Evidence for the eflect
of tryptophan on the pattern of food consumption
in free feeding and food deprived rats. Life Sct
24 :1971-1976, 1979

23) Arnold MA, Fernstrom JD. L-tryptophan injection
enhances pulasatile growth hormones secretion
in the rat. Endocrinol 108 : 331-335, 1981

24) Yuwiler A, Brammer GL, Moley JE, Raleigh M],
Flunnery JW, Geller E. Short-term and repetitive
administration of oral tryptophan in normal men.
Arch Gen Psychia 38 © 619-626, 1981

25) Joseph MH, Kennett AG. Stress-induced release
of bHT in the hippocampus and its dependence
electrochemical study. Brain Res 270 D 251-257,
1983

26) Dunn AJ. Changes in plasma and brain tryptophan
and brain serotonin and 5-hydroxyindoleacetic
acid after footshock stress. Life Sei 42 © 853-862,
1988

27) Ganong WF. Neurotransmitter synthesis by pre-
cursor availability and nutritional state. Biochem
Phamacol 25 . 1691-1696, 1987

28) Okimura, Ogawa, Yamauchi. Stress and immune
response IlI. Effect of restriant stress on DTH
response, NK activity and phagocytosis in mice.
Japan ] Pharmacol 41 © 229-235, 1986

29) Okimura, Satomi-Sasaki, Ohkuma. Stress and im-
mune response 11. Identification of Stress-sensi-
tive cells in murine spleen cells. Japan ] Pharmacol
40 © 513-525, 1986

30) Choquet D, Korn H. Dual effects of serotonin on
a voltage-gated conductance in lymphocytes. Froc
Natl Acad Sci USA 85 . 4557-4561, 1988

161 —



