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Effect of Tryptophan on Serotonin and Opiate Receptor
Binding in Stressed Rats

Eun-Mi Kim and Harriet Kim
Biochemistry Lab. Dept. of Food and Nutrition, Seoul National University, Seoul 151-742, Korea

Abstract—Brain serotonin and its utilization was investigated on stressed rats after feeding high
tryptophan diet for a month. High tryptophan fed rats displayed significantly higher level of serum
tryptophan, brain tryptophan, serotonin (5-hydroxytryptamine; 5-HT) and 5-hydroxyindoleacetic acid
(5-HIAA) than the control diet fed rats. When rats were treated with 3 hour immobilization (IMMB)
stress, serotonin turnover was slightly increased, but not statistically significant, in control diet
group rats. However in high tryptophan diet rats, 3 hr IMMB stress resulted in statistically signifi-
cantly (p<0.05) decreased the serum tryptophan, brain tryptophan and 5-HT level. The concentra-
tion of 5-HIAA was significantly increased indicating accelerated utilization of the brain 5-HT of
the high trp. fed rat. The utilization pattern of the serotonin was found to be similar among
young and adult rats. Rats on a tryptophan enriched diet displayed higher coping ability to the
stress as they exhibited smaller increment of corticosterone level. A possble involvement of opioid
system was suggested in serotonin utilization by measuring total 3[ H]-naloxone binding in brain.
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Table I—Effect of 3 hr immobilization and high tryptophan diet on serotonin, 5-hydroxyindoleacetic acid and

tryptophan level in rat blood and brain

Serum(ug/mi) Brain(ug/g wet wt.)

Age Diet Stress Tryptophan Tryptophan 5-HT 5-HIAA 5-HIAA/5-HT
Young Control  Control 14.48+ 1.38 456+ 056  0.6971+0.052 0.371+0.039 0.532+0.045
(30 days) Stress 11.76+ 1.04 462+ 0.26 0.674+0.075 0.453%0.041° 0.672* 0.065"

High Trp. Control 69.57+ 4.75° 8.05+ 0.53* 0.946+ 0.052° 0.636+ 0.062° 0.672+ 0.052
Stress 4432+ 3.14" 7.17+ 024" 0.87510.046° 0.779%£ 0.060° 0.890+ 0.061°
Adult Control Control 14.07+ 1.29 423+0.31 - - -~
(80 days) Stress 12.76* 1.24 3.88+0.32 - - -
High Trp. Control 5226+ 4.04° 10.77+ 1.07 - - -
Stress 34.24+ 278 8.69+ 0.78 - - -

a: Significantly different from control diet non-stressed group (p<0.05)
b: Significantly different from control diet, stressed group (p<0.05)
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Fig. 1—Effect of 3 hr immobilization and high trypto-
phan diet on the difference of brain and serum
tryptophan
[0 Con.Con, [ Con.Str, (1 Trp.Con, [J Trp.
Str.

a: significantly different from control diet
group. (p<0.05)

b: significantly different from high tryptophan
control. (p<0.05) (n=6 per group)
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Fig. 2—Effect of 3 hr immobilization and high trypto-
phan diet on the concentration of SHIAA/5HT
ratio in rat brain h
O Con.Con, 0 Con.Str, [J Trp.Con, [] Trp.
Str.
a: significantly different from control diet
group. (p<0.05)
b: significantly different from high tryptophan
control. (p<0.05) (n=6 per group)
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Fig. 3—Effect of 3 hr immobilization and high trypto-
phan diet on the concentration of corticoste-
rone in rat serum
O Con.Con, (] Con.Str, (] ConRec, [] Trp.
Con, [] Trp.Str, (] Trp.Str.

a: Significantly different from control diet
group. (p<0.05)

b: Significantly different from high tryptophan
control. (p<0.05) (n=9 per group)

o 53.2% A%2] Serotonino] HAIAIEZ EHEH+=
Aeg el

2e#d2urg 0 ¥ Serotonin FEWSlel odle]
+ Ak 8 wEo] o) Culman'®& Stress w
5-HT7} Z4sha] edsteya Badh=r} 3 Dunn'®
< footshock Stress 3o 5-HIAA ¥%7} 718l
shgjct

# < Fernstrom $'7-& tetralin =47} 3 9
5-HT 3ol v]A]< d&E A73uir Efjegon
HA e 5-HTE 7M7)

B A= Al EFYER Bkl
2% ©} 5-HIAAZE 371 AeZ2 el o]F
AYAAEL 2429 FF7, s, B T A
FzAd oz} o)t 9l e Holw dataE g
vy o folsjof ¥ Moz AztEc)

High tryptophan 2/0|2} corticosterone &x'H3}
— 2~ E# 24| corticosterone F7h= Al A EHE-H 315
A-F-A 524 (HPA) 9] &Addl 28} Bulse Hes
A7} 22 dupt WgteR] Yellle A2
20|51 glc}. 327} restraint Stress& #RE o] A
A7¥} 304, 80¢® # o} 254 o)Al Corticoste-
rone} Z7}3lsic}(Fig. 3).

5-HT+= HPAC 23 1oz foste 7zl
o#A+d Buckingham'® $& 5-HTE F9 A4
&5oll Fabsled CRF £48]E 3 A1Z T 5-HT ago-

Vol. 35, No. 4, 1991

{3H}-Naloxone Binding (cpm/mg protein)

Adult Rats

Young Rats

Fig. 4—Effect of 3 hr immobilization and high trypto-
phan diet on *[H]~ naloxone binding of rat
brain
0 Con.Con, [J Con.Str, [J Trp.Con, [] Trp.
Str,

a: Significantly different from control diet
group. (p<0.05)

b: Significantly different from high tryptophan
control. (p<0.05) (n=6 per group)

nistq! quipazined Fi3ld ACTH ®u|7} F7l5
%1.2.™ antagonist cinanserin® $¢3}5< d 7+
A R

5-HT7} ACTH, CRF, Corticosterone =& o=
FEoA ol ofAte g zAIER 4 F ot
HPA #4& X3 o4 7 Utk £ 7oA 4
F7t 3 EYER AL FUE de GEFA %
Buske e EYE BA | AEH AL
o] AAtAel e ~EH AT vls Corticosterone
Z7H%o] £33} (Fig. 3).

£ Agez 2 s 4 F gy EfEg
BAAe|7l ~EHAE o W E 3l AR} QS-S
et st

Opiate receptor binding— 3417t %<} Immobiliza-
tion Stress® oW JPF} o]&3 ¢} *H-nalo-
xone binding(cpm/mg brain protein)°] f&l& ez
(p<0.05) 74312 cH(Fig 4).

E e H7}talo)Fo] StressE ¥t o w Opiate re-
ceptor binding AL vl HA =gzl B4
olell 2jslej Opioid peptides ¥¥|7} FAHAYSE
A2 A|ARgit)

Haring 573} Dellavedova® %& 5-HT7} POMC
geneoll X] $+& a-endorphine 4§ F7HA |71
sl Exlede] AFadrt Rausgded £ A



330

2-e0)

- g e

o] £ E3 ¥} 4 o)z} Opiate Receptor Bin-
ding& ZHAAIZeZ =9 5-HT $%%7HTable 1)
A2} ¥4 endogenous Opioid peptidesEe] EF
3% 5-HTe o8 2389& HoFrt s

2 £

£ QA7 EYEIS Aol BRse o St
ressE W& AL A w9 Serotonin tHA}e]
deg vX=A] dolRr] s FA=EAC 35%
EE B0 E SD. FHolA 457 FHUIL Im-
mobilization Stress& 347} FoF WA & F o9}
Yol 4] EFEF Serotonin L t)AEA 5-Hydro-
xylindolacetic ac1d(5-HIAA)a: A3 Opiate
receptor binding HEE &R 3le] olule} e A
& 9A Hdoh

1. EfER BIFae]e Aatalo]lFe vls o
Ay 2= EYER Fxo ¥ EfEs 5-HT ¥
5-HIAA B27F 25 fofHo g Z713lqdct

2. Eglest B}t olE Stressite # 49 Sero-
tonin AHE Ex1sted on} Fabale)o] ulsled 5-
HIAA/5-HT ®lgo] foHor Zrstsict

3. A FAY oEFH Ateldl= Ef{ES, 5-HT ¥
5-HIAA FER3h= ov|sl= Alo]|E ¥o)z] ol

4. A2 elte|vt ERESR HIFAolFe] o ~
EYAE o Corticosterone #1]7F F71% 9] o
EZEG RPN |Fe I FyFe] Ao EjjEw
H7}e] Stress®E $3A7l= AF7t sS eR
sich

5. °H-naloxone binding AX+ AHA
EQeg Bi}o|Tolu} t} Stresss HHe
Aoz zpasigch

Aol e HAEE S8 B 0 ElER L
Stress& %31 A2 # 9] Serotonin HAME
F1A1 7 em Opiate systeme] FAHAE-S AlAbekad
}.

233}

AoLe]

IR

BL

unel 2

B A7 1990d % EaR A &)
o] AFR A s ATzl st o) %
AMEE =gy

8

Ho

1) Jones, M.T., Hillhouse, EW. and Burden, J.: Effect
of various putative neurotransmitters on the secre-
tion of corticotrophin releasing hormone from the
rat hypothalamus in vitro. A model of the neurot-
ransmitter involved. J Endocri. 69, 1(1976).

2) Buckingham, J.C. and Hodges, J.R.: Hypothalamic
receptors influencing the secretion of corticotro-
phin relaeasing hormone in the rat. /. Physiol. 290,
421(1979).

3) Bruni, J.F., Hawkins, R.L. and Yen, S.5.C.: Seroto-
nergic mechanism in the control of B-endorphin
and ACTH release in male rats. Life Sci. 30, 1247
(1982).

4) Fuller, RW. and Snoody, H.D.: Effect of serotonin
releasing drugs on serum corticosterone concent-
ration in rats. Neuroendocrinology 31, 96(1980).

5) Van Loon, G.R,, Shum, A. and De Souza, E.B.: Tri-
phasic changes in plasma ACTH concentration and
brain serotonin synthesis rate following adrenalec-
tomy in rats. Neuroendocrinology 34, 90(1982).

6

feid

Kuldeep, K.V. and Tejwani, C.A.: Food deprivation
induced changes in the level of opioid peptides
in the pituitary and brain of rat. Life Sci. 38, 197
(1986).

Haring, L.G., Yang, H.Y., Govoni, S. and Costa, E.:
Elevation of Met-enkephalin and B-endorphin hy-

7

~

pothalamic content in rats receiving anorectic
Difference between D-fenfluramine and
Neuropharmacology 21, 141(19

drugs;
D-amphetamine.
82).

8) Dellavedova. L., Parenti, M., Tirone, F. and Grop-
petti, A.: Interactions between serotonergic and
enkephalinergic neurons in rat striatum and hypo-
thalamus. Eur. J. Pharmacol. 85, 29(1982).

9) Denckla, W.D. and Dewey, HK.: The determina-
tion of tyrptophan in plasma, liver and urine. J.
Lab & Med. 69, 160(1967).

10) Pert, C.B., and Snyder, S.H.: Properties of Opiate-
receptor binding in vat brain. Proc. Nat. Acad. Sci.
U.5.A) 70, 2243(1973).

11) Curzon, G. and Green, A.R.: Regional and subcel-
lular changes in the concentration of 5-hydroxytry-

J. Pharm. Soc. Korea



ERlEge] ~EHA W H o] AErdd edddoje F&H Hie v]Xe 4¥ 331

it

ptamine and 5-hydroxyindoleacetic acid in the
brain caused by hydrocortisone, D.L-a-methyl tryp-
tophan, L-kynurenine and immobilization. Br. J.
Pharmacol. 43, 39(1971).

12) Arnold, M.A. and Fernstrom, J.D.: L-Trypotophan
injection enhances pulsatile growth hormones sec-
retion in the rat. Endocrinology 108, 331(1981).

13) Fernstrom, J.D. and Wurtman, R.J.: Brain serotonin
content; Physiological dependence on plasma tryp-
tophan levels. Science 174, 914(1971).

14) Knott, L. and Curzon, G.: Free tryptophan in pla-
sma and brain tryptophan metabolism. Nature 239,
452(1972).

15) Culman, J., Kiss, A. and Kvetnansky, R.: Serotonin
and tryptophan hydroxylase in isolated hypothala-

Vol. 35, No. 4, 1991

16

17

Rt

~

mic and brain stem nuclei of rats exposed to acute
and repeated immobilization stress. Exp. Clin. En-
docrinol. 83, 28(1984).

Dunn, AJ.: Changes in plasma and brain trypto-
phan and brain serotonin and 5-hydroxyindoleace-
tic acid after fooshock stress. Life Sci. 42, 853
(1988).

Fernstrom, M.H., Massondi, M.S. and Fernstrom,
J.D.: Effect of 8-hydroxy-2(di-n-propylamino)-tetra-
lin on the tryptophan-induced increase in 5-hydro-
xytryptophan accumulation in rat brain. Life Sci.
47, 283(1990).

18) Wurtman, R.J., Hefti, F. and Nelamed, E.: Precur-

sor conirol of neurc transmitter synthesis. Phar-
maco. Rev. 32, 315(1981).



