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Table 1, Effect of toluene inhalation on behavior of rats

Symptom n Symptom n
* Tremor 12 Salivation 6
Tachypnea 12 Diarrhea 6
Ataxia 12 Convulsion 5
* Head weaving 10 * Forepaw treading 3
* Hindimb abduction 7 * Rigidity 2

(n) represents the number of incidence in 12 toluene (0.7%
in air for 15 min) inhaled rats.
* The components of serotonin syndrome.

Table 2. Effects of single and repeated toluene inhalation on
the score of serotonin syndrome

Symptom 1day 7 days 14 days
Tremor 12/12 12/12 12/12
Hindlimb abduction 7/12 9/12 7/12
Head weaving 10/12 9/12 11/12
Straub tail 0/12 2/12 1/12
Forepaw treading 3/12 5/12 4/12
Rigidity 2/12 0/12 3/12
Total incidence - 34/12 37/12 38/12
Mean + S.E. M. 2.840.3 3.1+0.3 3.240.4

Data were analysed by determining the mean number of symptoms
exhibited per animal.

Table 3. Effect of toluene inhalation on open field activity

Behavior min C(cirét)rol Tst T'?ltll;ene 14 th
(8) ® ®

Ambulation 2 EAre B PAEE SRS
Rearing % Tatos S0kt RITR e
Preening % &lios  ssiis ST ST
Grooming 0 1ares Tt 0603 23100
Defication S S 5 08503 TR
Urination PRI e R ot 08203 06203

Rats were observed during 5 min on the open field apparatus at 30 min and 60 min after the
end of inhalation with toluene. Each value represents the mean + S.E.M.. (n) represents
the number of animals. Significantly different from control at *p<(0,05 and **p<0.01.
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Fig. 1. Time course of locomotor activity in control and toluene inhaled rats. Each
three animals group was placed into a plastic cage (30x50x20 cm) and the loco-
motor activity was measured by an Animex activity meter every 30 min for 240 min.
Each value shows the mean + S.E.M. from 6 experiments. Significance: *p<0.05,
**p<0,01 and **¥p< 0,001 vs. control (Student’s t-test). .
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MEH, BiEYERIIELEAC, BEAMERI
246, FKORBEAEEM I BCHE L, T» b1
EHich Orr b= EREFOMBSEEL KERAL
THE(L Liah -z,

) A=~V 74— VHRBOER

Table 3 WiR¥ L 5ic, BMAKT 300 CBITT
BB ALIHAEE7HBE, sTh a0 EEN1468 E
CHEECHNL T o BAKT 600 % CIBHGTEH
2A1HEB, 7HH, 4HAR, ZHEA0EEI 14
BEAE ML, HFE 148 Bl L Tvis,
d) BEREDECRIETHE

Fig. 1 @ FT X5, M= vIBABOHREESE
%, SEEAEEEE 1 B H TR AH605 HE X 0 150~180
FOBTRBRCIESTHRECHEML Q. 7HA
TIHRASODH E T, 140 B CRIRAINMEE CHE
CHMU T, b= VIRAK X 5 ERERE O
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Fig. 2. Effect of cyproheptadine pretreatment
on tolene-induced rectal temperature change.
Cyproheptadine (2 mg/kg, i. p.) was pretreated
before toluene (1.0 g/kg, p.o.) administration.
Each point shows the mean + S.E.M.. 0—o0,
toluene (n=5); e——e, cyproheptadine -+
toluene (n=5). Cyproheptadine significantly
blocked toluene-induced rectal teperature change
(p<<0. 05, Mann-Whitney U-test).
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Treatment Kd Bmax
Control (O) 161+ 0.17 0.279+0.013

Toluene 4y 172018 030620018

0.20 " repeat (#) 1302002 0.191+0.003*
A

PPHI5HT FREE M X10°°

[*H}-5HT BOUND pmol/mg protein

0 01 0.2 0.3

[*H]-5HT BOUND pmol/mg protein
Fig. 3. Scatchard analysis of specific [*H]-
5HT binding to crude synaptic membrane frac-
tions from whole brains treated with single
and repeated toluene inhalation. Each experi-
mental data is the mean + S.E.M. of 4 animals.
*Significantly different from control group(p<
0.05, Student, s t-test).

/kg #I5HETC LB L TR &, FofB ERIE
Bl S hic,

3. BMABRNER o USEGEARICRETE

=

a) &Ry RN PHI-5HT B4

Fig. 3 wid/Pii% B £~ Ry PH]-5HT
#5440 Scatchard plot PR LTHhB, Zhi @i+
BE b= vl BRABECRETE Kd) 8 L0ERK
EEH (Bmax) & dwniERL FRLLELIEDL
Nighotce L L, REBAR T Kd OB LkR
B BRI 720, Bmax 2EBCEA LT,

b) BEHE~ D% R PHI-SHT #5488

bove v RERARE 3 X ORIBREORI&T € 0l
EPPHI-SHTHAEN Fig 4 R L Th %, 4.0

£

E
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Fig. 4. Regional distributions of specific [*H]J-
5HT binding to control and repeated toluene-
inhaled rat brain synaptic membrane fractions.
Specific binding was tested at a [*H}-5HT
concentration of 4, 0nM. Each column repre-
sents the mean + S.E.M.. MB, mid brain;
HPT, hypothalumus; MO, medulla oblongata;
HIPP, hippocampus; STRI, striatum. Signifi-
cantly different from control group (*p<(0.05
and **p<(0.001, Student’s t-test).

oM e RN PHI-SHT S8 KERAR
T\, BER I B HESTEERCHL LT,
Wt w B RO E AT b BRI R L s E
BEIITED BRIt -1,

4 A bz rROAHCHTBER

Table 4 RF Lo, tA=vIEBRAFERLT
REBABEOWTRCE TS, £ (MEEEEY
B<) B rovEEr sy s PFHI-SHT By AafE,
R L ORNCE BT DIvRh -7,

5. BMAHFI—LTIVELCREITEE

Table 5 it t A= v 1 ERAR X O REBAICL
BRRH T o =T § VOBEARRLTH D, TFV
F U EHEBERBS IO = VBRARO LT T HIE
WEhiohotoe WP/ A7 Fro ) vERLTERA
2w L ORERARO VTR REBR - BRI
o B o Tte A K —-% & VER L ERART

Table 4, Effects of single and repeated toluene inhalation on [*H]-5 HT uptake

/in rat whole brain (except cerebellum and hippocampus) and hippocampus

[#H]-5 HT uptake (x 10 c.p.m./mg protein)

Treatment
whole brain hippocampus
Control 2.661+0.18 4,24+0.06
Toluene - »
single _ 2.53+0.13 4.2940.07
Tepeat . 2.82+0.14 4.411+0.16

Each value represents the mean + S, E.M. of 4 animals.
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Table 5. Effects of single and repeated toluene inhalation én catécholamine

levels in rat brain

“Treatment Adrenaline Noradrenaline Dopamine
Control N.D. 2.35%0.19 5.78+0.43
Toluene :

single N.D. 2.5140.26 6.94i0.4l
repeat N.D. 2.82+0.24 8.81+0.28*

Each value shows the mean + S.E. M. (n mol/g brain wet tissue) from 3 to

8 experiments.

N.D.: not detected. * Significantly different from control at p<0.01.
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b= VIRARRCRD bhjct v b = VEEBEBIOH
BHERRERAFCOWCTHANLER 1k bk
OHBIEL KERA LT B Lih o7 (Table
2)o THULF A= viE e b= VIEERRST B LT
BWEHE LI ERRL T 5, ,

BEEARCEL T, b= (1.0g/kg, p.o) ik
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BRI & ¥ vy — B BT SR
FLIR W EDHE IR CHEY T End, Bt
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DWAMNEL B EHBEL T3, * 2 TERETIE,
PA=vicbee b= VEBRDARBEERRSS &
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(Table 4), ZDEEEMDL, b=V RERAR O K
Bt e b = YREEROBANIH ) SEOBEFLLE
SR L EEZbRS,

EalgiE it ee e VHAACE AT 2 AT I
NEELRBREREL TV, L2 THANT 2 —17
I VEBERIET v vOBEC O W TRANTAR R
(Table 5), 7 A7 Fro U vEIL1BEERAR, KE
WAREL RS bhish o kedl, F—s3 v
BRREGRAFCE - CERCHEML T F—3
F VEREORIEETHD T HEL e A BEHERID T
» FOHISEFENAINT A En D, AREEHRER
K =% VAR LT AP, RERITRT
3, A= vIBASODHEE CHEBEES EinL Tw
ok, BIUKRERARD RMAF - VEOERN
NFd bRl En b, b= viter b= {EEE
== VORELT N = VIEEE = o —» VIT
PEEARE L TWAT LWRE I,

CHEY VI -OERSTHEDL bA=VE Ty PITR
AR BEOTEHEPNERS I LOKEY D
LT o T A LSRR OB ROV T EELIN L
TR, ThOOKF LSD #RERELT2H58
DEOERNEEL LTz & T AN R
VF—RIh LD OEACELOEREY 2T 5 20k
b, YVF-LIHBHREFERE NN (2

B) owrt= vEEFOBEATECHERALTCS
LRI D, L, TEREHBSEEAC
BRI OIS X O EOMAT X ) BB
Th30T, BEOMABEEYE L EEZO2ITH0
RSB ENE N, Lo TS e b= vR
F -t 3 VB MPRERE (B~ 7 FE) ©
DT HBEEINZ T L BBEWLDH 5 EBbid.

] %

BalLsehicn, HEEEE - EEKFET
BEEEMEFHE TS FE L E T
i, ERAECOWTHBIE RIEV 1 BERFEF
MEESEEEME  THIE OO AR GRS
Bl A B EMASC LI VWAL E
TFo Eb, AFERTOICEL, MHEECREW
B Smb ma E AR R s L BT E

AHXOBEERBISEIAAT v a2 — VEFEER I T
# 8 IR HIEEHREC R\ TRE LR,

s £ X B

1. Anden, N.E. Corredi, H., Fuxe, K. and
Hokfelt, T. 1968. Evidence for a central 5-
hydrokytryptamine receptor stimulation by ly-
sergic diethylamide. Brit. J. Pharmacol. 34 : 1-5.

2. Arora, R.C. and Herbert, Y.M. 1980. In
vitro effect of phencyclidine and other psycho-
motor stimulants on serotonin uptake in human
platelets. Life Sci. 27 : 1607-1613.

3. Glowinski, J. and Iversen, L.L. 1968. Re-
gional studies of catecholamines in the rat
brain-l. 1. J. Neurochem. 13 : 655-669.

4, MPER. EHEMER 1971, ¥ v —hEREOME
A FRERS . REEREAEEE T3 0 99-119.

5. Jacobs, B.L. 1976. An animal behavior model
for studing central serotonergic synapses. Life
Sci. 19 : 777-786.

6. &F £ 1975. RikfE, p 121-142. M,
WILURERGR). BioFEME, REEHE R
7. bR, N M SR ST 1984, HEEEA
wisi? s “flashback” ORIEMR. HHEST 26:

651-655.

8, MIE B, MHREE 1973 RARIDL A=Y
PEOERFENMRE— T A/ r= /574~
I B AEERE b L VTR, AAREESMRE
27 : 255-257,



10.

11,

12,

13.

1.

16,

17,
18,
19.

20,

21,

B ¢ v — R ORI B 431

N T, NREE 1973, BAR LB P A=y
REOEE R — = b B LR, A
EERAEMEE 27« 258-262.

NG T, RERE 1973, BARK LB Py
ORI R ARE & TR O
BEORR. HAEEZME 27 : 282-286.
Mg F, MREE 1976, RARK LS L=y
PHEOEEEN TR AR & F50 HOYEH
B, HAEESHEE 30: 40-54.

Mg T, TEEE BRBIE MMEE 1977
BAEC LB P A= v ig D IRRSEMPTE— A=
VEBB=F AV OREETEBRA LB S D
A, BAREESME 31 280-290.

Lowry, 0.H., Rosebrough, H.T., Farr, A. L.
Farr and Randall, R.J. 1951. Protein meas-
urement with the folin phenol reagent. J. Biol.
Chem. 93 : 265-275.

Martin, J.R., Berman, ‘M. H., Krewsun,l
and Small, S.F. 1979, Phencyclidine induced
stereotyped behavior and serotonergic syndrome
in rat. Life Sci. 24:1609-1704.
Nakata, Y., Kusaka, Y., Segawa, T., Yajiha,
1978. Substabce P :

Regional distribution and specific binding to

H. and Kitagawa, K.

synaptic membranes in rabbit central nervous
22 : 259-265.
Nomura, Y., Tanaka, Y. and Segawa, T.

system. Life Sei.

1975, Development of the influences of sodium,

catecholamine and tricyclic antidepressant drug

on the uptake. of SH-5-hydroxytrytryptamine

by rat brain synéptésomes. Brain Research
100 : 705-709.

PRE 1981, EMIREORK | WK - 08
# + B, ISR 3 419425,
R, JvO #1976, Flashback Phenome-
non [TOWCOEZE, BHES 18: 407*414.
AEOE 1960, FETLEC BT B RS
DRESEEIWIZE. HWESE 1 893-900.
Reosecrans, J.A., Lovell, R. A. and Freedman,
D. X. 1976. Effects of lysergic acid diethylamide
on the metabolism of 5-hydroxyptamine. Bio-
16 : 2011-2017.

1970. Differences in brain

chem. Pharmacol.
Rosecrans, . A.
area 5-hydroxytryptamine turnover and rearing
in rats and mice of both
European ]. Pharmacol. 9 : 379-382.

behavior sexes,

22,

23,

24,

25,

2.

27,

28,

30.

31,

32,

33.

HHEEN. BRHESMA 1980, 4467 3 v L{TH, p.
469-477. fEAMER, RRRME—, RJIABL, il
PEHEGR), 178D 1. UREE WAL
Scatchard, G. 1979. The atractions of proteins
for small molecule and ions. Ann. N.Y. Acad.
Seci. 51 : 660-667.

Segawa, T and: Kuruma, T. 1968. The in-
fluences of drugs on the uptake of 5-hydro-
xytrytamine by nerve ending particles of rabbit
brain stem. J. Pharm. Pharmacol. 20 : 320-322.
Segawa; T.,, Mizuta, T. and Nomura, Y. 1979,
Modifications” of central 5-hydroxytryptamine
binding sites in synaptic membranes from rat
brain after long-term administration of tricyclic

antidepressants. European J. Pharmacol. 58 :
75-83. . :
HFMERER, /JIGATE 1969, FEBESMC ki v
v —HEOOMES. K 20 : 1119-1125,
HFHEASS 1977, v v —Z OMEREYER
BIELA—> v — O R e, BRI 8 :
347-354. _
HILES 1977, B, B EY 4R
1A (REFFER, SiERMHE), p.334-384, L

_ Tonge, S.R. and Leonard, B.E. 1969. The

effects of some hallucinogenic drugs upon the
metabolism - of 5-hydroxytryptamine on the
brain.. Life Sci. 8 : 805-814.

Trulson, M. E. and Jacobs, B.L. 1979. Alte-
rations of serotonin.and LSD receptor binding
following repeated administration of LSD. Life
Sci. .24 : 2053-2062,

Yamawaki, S. 1982. Clinical investigatibns on
Jpn. J. ‘
Alcohol and Drug Dependence 17 : 123-128.
Yamawaki, S., Maeoka, K. and Sarai, K.
1982, Effect of filter on specific $H-5-hydroxy-
tryptamine binding to synaptic membranes.
Hiroshima J. Medical Sci. 31 : 129-131.
Yamawaki, S., Lai, H. and Horita, A., 1983.

Dopaminergic and serotonergic mechanisms of

10 cases of organic solvent abuse.

thermoregulation : Mediation of thermal effects
of apomorphine and dbpamine. J. Pharmacol.
Exp. Ther. 227 : 383-388. :
WIBIRLA, VERRSEL, BAIT—ED 1982, Ak

HIELABCT 5 DB E T — = =Ly g



432 IR ESMEE 33 (2), M0 4 A

FAMCED, KEEY 35:728-727. WELFE 2EOIC OV C—GUER - v - - B
35. WMALA, BAI—EB, WIS 1982, HHIEK BEF|. INRERS 35 :1438-1441.

Psychopharmacological Study of Thinner Addiction

Shigeto YAMAWAKI

Department of Psychiatry & Neuroscience, Institute of Clinical Research, Kure

National Hospital

Department of Neurology and Psychiatry, Hiroshima University School of Medicine
(Director : Prof. Keisuke SARAI)

It is reported that thinner inhalation (glue sniffing) produces in human several psychotomimetic effects
similar to those described for LSD and other ballucinogens. However, its pharmacological mechanism is not
well known.

" In the present study, the following results were obtained from the behavioral and neurochemical experi-
ments of toluene (a major component of thinner) inhaled rats.

1. Three components of “serotonin syndrome” ; tremor, head weaving and hindlimb abduction were
observed in more than half of toluene (0.7% in air for 15min) inhaled rats. Repeated toluene inhalation
showed the same incidence of “serotonin syndrome” as that of single toluene inhalation. Thus, the tolerance
was not observed in toluene inhalatioun. '

2. In the open field test, ambulation was significantly increased for 60 min after single and repeated
toluene inhalation. Locomotor activity measured by Animex was also significantly increased for 60 min after
toluene inhalation. These results suggeseted that toluene inhalation affected animal behavior for approximately
60 min, _ :

3. The maximum number of serotonin receptor binding in whole brain (except cerebellum) was sig-
nificantly decreased by repeated toluene inhalation. In the brain regional study, specific [*H]-5 HT (4 nM)
binding was significantly decreased in hippocampus and pons + medulla oblongata.

4, Brain serotonin uptake was not affected by toluene inhalation. Other pharmacological mechanism
except serotonin uptake was related to the down regulation of serotonin receptor induced by repeated: toluene
inhalation.

5. The administration of toluene (1,0 g/kg, p.o.) increased the rectal temperature approximately 0, 6°C.
This hyperthermia- was significantly blocked by the pretreatment with eyproheptadine, a serotonin receptor
antagonist.

6. Locomotor activity, which is reported to be a marker. of brain dopaminergic function, was increased
by toluene inhalation. Indeed, the brain dopamine level was significantly increased by repeated toluene in-
halation. These results suggested that toluene had also some effects on dopaminergic function.

7. From these behavioral and neurochemical experiments, it is concluded that toluene affects brain
monoaminergic neuron, especially serotonergic neuron, The effects of toluene on serotonergic neuron are
similar to those of hallucinogens such as LSD, which suggest that psychotomimetic symptoms induced bsl

thinner is related to the change of brain serotoninergic function.





