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STEREOTYPED BEHAVIOR AND HYPERSENSITIVE BEHAVIORAL
RESPONCE (REVERSE TOLERANCE PHENOMENON) INDUCED
BY METHAMPHETAMINE ADMINISTRATION IN COMBINATION

WITH SCOPOLAMINE

KUNIO YUl

Abstract The mutual relation between striatal/mesolimbic dopaminergic neurones and inhibitory
system, by which conscious attention is limited and directed, and the frontal lobe function may be
important in the biological base of paranoid schizophrenia. We have now tested this hypothesis
by investigating stereotyped behaviors and the reverse tolerance in dopaminergic supersensitivity
co-existing with the low level activity of inhibitory cholinergic system, induced by chronic admin-
istration of methamphetamine (MAP, 4 mg/kg) in combination with scopolamine (SCOP, 4 mg/
kg), both in long-term isolated rats in which the activity of the mesocortico-prefrontal dopaminergic
neurones seemed to be reduced and group-housed rats. Treatment with MAP plus SCOP pro-
duced more potent effect in enhancing stereotyped behaviors and the reverse tolerance, whereas
MAP was significantly less potent. Stereotyped behaviors and the reverse tolerance induced by
MAP plus SCOP were more intense in isolated rats than in group-housed rats. The reverse
toleranse induced by chronic administration of MAP plus SCOP was elicited not only by MAP
plus SCOP and MAP, but also by SCOP. Effects of haloperidol (1 mg/kg) and pimozide (2 mg/
kg or 5mg/kg) on stereotyped behaviors and the reverse tolerance were less in MAP plus SCOP-
treated rats and in isolated rats. Stereotyped behaviors induced by MAP plus SCOP treatment were
consisting mainly of stereotyped sniffing accompanied by backing locomotion, gnawing and body
biting intermingled with locomotion and rearing. The data may support this hypothesis.
Hirosaki Med. J. 39 : 447—466, 1987
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Table 1  Scoring system used for estima-

tion of the intensity of stereotypy

0 : The appearance of the animals is the same
as saline treated rats

1 : Discontinuous sniffing, constant explora-
tory activity

2 : Repetitive exploratory behavior, rearing,
or burst of sniffing with hyperactivity

3 : Continuous sniffing, occational rearing

4 : Continuous compulsive sniffing without
rearing

5: Continuous sniffing, discontinuous gnaw-
ing or licking

6 . Continuous gnawing or licking
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Time course of stereotyped behaviors during chronic administration of
methamphetamine (MAP) puls scopolamine (SCOP), MAP, SCOP and
saline, In MAP puls SCOP treated rats (I group), *indicate signifi-
cant increase in the stereotypy score as compared with the correspond-
ing value observed in MAP treated rats (II group). In group-housed
rats (V group), *indicate significant decrease in the stereotypt score as
compared with the corresponding value observed in isolated rats (I
group). * p<C0.05, ** p<{0.025, *** p<C0,005.
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Fig. 2 Changes in the mean total score

during chronic drug treatment.

In the II group, a, d indicate sig-
nificant increase in the stereotypy
score as compared with the corre-
sponding value observed in the II
group. In the V group, a, d in-
dicate significant decrease in the
stereotypy score as compared with
the corresponding value observed
in the I group. a:p<0.05 d:
p<<0.005.
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Behavioral effects of MAP puls SCOP, MAP, SCOP and saline on
chronic drug treated groups. In Ia group, *indicate significant
increase in the stereotypy score as compared with the corresponding
value observed in the II and Ib groups respectively. In Vgroup,
*indicate significant decrease in the stereotypy score as compared
with the corresponding value observed in the Ia group. * p<<0.05,
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** p<<0.025, *** p<C0.01, **** p<0,005.
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Fig. 4 Changes in the mean total score during re-administration of MAP puls

SCOP, MAP, SCOP and saline on chronic drug treated groups. In
the Ia, Ib and Ic groups, a~d indicate significant increase in the ster-
eotypy score as compared with the corresponding value observed in

the II and III groups respectively.

In the V group, b, d indicate sig-

nificant decrease in the stereotypy score as compared with the corre-
sponding value of the Ia group. a: p<{0.05, b:p<<0.025, c:p<0.01,

d : p<<0.005.
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EREWTEWHIS TS Y, EETEIHEMR
T 520307 DMEEBVTEHEEREZN 2D R
7-. pimozide 2mg/kg @ BIALE Tix T E,
AEFECTHIZacHHI N, BT’k
BRTBABE L2, HilOBEREDER
HRE LSBT, TXNCOHRERAITEFRR
KW lE &R L. la B, Ib B, Ic BT
BB LA EEEY R hote, VE
TiL sniffing, rearing #F LT HEETEH
DHETRY, HEIOFREDOERRHERIZH
N5 & RETRINERE T 520304 O %
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WTHEBCEWHEMS 2R L, VEOTE
IEFNERIE a B BB E, 20—604T
ARCECFHE S EZRL, ERTEOHEL
HEI XN TWF2, pimozide 5mg/kg DRI
BT IR SEBEOEMCIREFTHTHIR
ez 4 X7z, Ta BECiX sniffing, rear-
ing & THEETE), Ib BETIXBEHRT
Boshsiny, e BTLIHBCBHRITE
MBEBENIKRGTTHole, VETRRETH
AR 5 30—45 3 I EAT RN ING] X uin s

o 72, HhOEER: S TlE sniffing, rearing
ZEOBEDOH LY, la LD & FEMA
VKD 5 7203, AEEHRRI -7, EHEl
DHEREORBIERIZ BT la BTk
5—104r, Ib B Ti315—1204r, VEH TIX
10—1520 ¥ TOFHHSA A EICE T L /.

haloperidol 1 mg/kg, pimozide 2 mg/kg ¥
& O pimozide 5 mg/kg O TITE#IFIZIE
HHETHE, laB Ib B Ic B, 1#,

V2 % haloperidol ® %5 4% pimozide & 9
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Fig. 5 Behavioral scores of different response categories during chronic admin-

istration of MAP puls SCOP (I group) and MAP (II group). In I
group, *indicate significant increase in the rating score as compared

with the corresponding value observed in II group.

0.025, *** p<C0.005.

¥ I o7, [REEFAEE TIE pimozide &
ERFARITHINHZIES Y, baloperidol
1mg/kg & pimozide 2 mg/kg O B TITH)
HHROZENAE L, Ta F, Ib B TEEE
ERTBEND -z, BEREFETIERT
B> HEHIRRIHF 0 20—120 4 DRI T haloperi-
dol % pimozide 2mg/kg, 5mg/kg L 1V %

* p<0.05, ** p<

BefT8HaxIE L, mEYWOTEHIEHZE
DEDFERIC 2 - 7o, BLED X 5 @ TBHE4]
%31 haloperidol D #7%% pimozide & b %
¥3D, COEREHAFABHCHEE TS -
Jo. HRRE L LT Ia &, Ib & Ic o
BRI S N D o 7o, VEZERED
KBBELZ T bbb, Ta B X



460

Gnawing

July, 1987
Hirosaki Med. J. 39 (3)

3 I MAP+SCOP day 1
o—aday 3
o—oday 7
s—=aday 9
® 24 a—aday 13
(=}
b
214
s
[
0. i =
05 15 30 45 60 120 180
I MAP
2
1
(- —arp— (e ¥ f axp
05 15 30 45 60 . . 120 180
Time (minutes)
Body biting 1 MAP+SCOP
g2
£ 7
&
3 14
Gl
[+
04 P ¥ O
30 5 15 30 45 60 120 180
W I MAP
24
1
0y — s = ap
Time (minutes)

D SITENIIH S NPT h o K.

3. 1TEVEFEIE B BIFHM

Fig. 5 1%, [1#HOKERSHEHOIT
BEEFHJFMOOERHE/LEZ KL TW
D, IBTRERTHOMMIZ & bk - T
sniffing DM, BHTTE & rearing DA
MRE BN, Zhes LTI B Tl sniffing
WERTEWAT L TERILL, H&OKE
EREWTITHIY LR ERITEN L AHBIL
TEL. BRTEHLHERTEH L MHET 5

AR LA, rearing (& E BITEICIEE
FICIBA LTz, Z0X 5 | BECRERFTE
DB DN T, sniffing O A FEEE,
FrfTE) & backing locomotion D FiBEMEM S
Lo, rearing HIBA L7z, backing loco-
motion—>gnawing—>body biting DIEITEEF
I 3 L, gnawing, body biting /&% F 1T
BORBERLFEL 2. WM CETHEE
FHIEE B DRERFE L& BT 5 &, sniffing
VT B O 5 HRENC i\ FFAL & 7R L 30—60
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Fig. 6 Changes in the mean total score of different response categories during

chronic drug treatment.
with the corresponding value observed in the II group.
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WThote, BFTES [ BEOEIREIS
WMl A R LS, AEEXRBOEL -
7z, rearing IAEAFBEOFMES TS »
7z, wETENE 1 B2 Tk sniffing & SHICEE
&7 HBAHITE, rearing TR IN TV,
[ #-Ci sniffing i backing locomotion,
gnawing, body biting 2335 T T HEAL
XN, BHTTE), rearing HEAL -,
Fig. 6 (% 1 &, [#HOKTHERFNMEHAR
DREHREGE I EOFHESERL TS, |
BLRER S >N T sniffing D#IE,
BAH1T8) & rearing DR AR LA, B

In the I group, @ : p<0.05, when compared

1 sniffing DFETREEL, BERAITEOEM
LiEE g7 K13, backing locomotion D

D OHIRAL BN, TEOM S L
BRI T H &, | B rearing TR

6 DOTBIEHZNMHBC S T IHEZ L
D ¥, BH{TEI > backing locomotion (X§H
FlicEEEZ%m L, rearing (3l BED 5
MBI EEEE R L.

IV. # -

AERCHERA L EEITE 2] ;Fﬁtﬁgﬁém
MAPﬁiﬁﬁﬁ@%ﬁ%ﬁ*kiU%%@
TEEET L & O%, £HAXKBRERNTIX
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HEINSENERETHOWTL VI E, &
D WSRO MAP G, X b BE#Hci
BHT5EEZ20N5 400 5IHRK 6 B
«t%@f%é _®i5t&%m¥ﬁm
Eumme%VlééAMPoxﬁﬁg
L 2aMFECRERGOBICHE TR
HETB BRI b D2 IR B ESI L
oD THY, Ff, d-AMP & IFAMP @
fTE) L OSRBZHI MO ZER pimozide B 4L
BoH& & TEHHIzME & OBRE XL,
BORETHOBREZRLBINLE S &
5. EHOFMELEZ, ¥/27 v PAELD
THCHESL T 2R EA L MO
HBRELILDTHD, H—ﬁﬁ«@&ﬁa
m%énTV6ﬁﬂnﬁ@E§@ﬂﬁvmﬁ
AthareBLBNS,
EEITERR SR O =M FRRER I,
wEE, PHIBHEBEEPLE LEADA
FE it 5 H%1% & OFEREEAEEERS
MEELFEEAE--TWH I EHEEL 7‘:
A, BERRED ARN LI E %X
5W&h§¥kbf ﬁ%%@:u/ﬁg%
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LT, Fﬁ%ﬁﬁ%%ﬁ?b&hﬁ #
RTENIR2EEIED AR —2 ) Y EFBHRO
HERR Ty 2Lk oTHILL, 2V ¥
E?ﬁ%Oﬁ%Konfﬁﬁﬁﬁ%%ﬁbf
<% tb\ﬁ AMP &2V /ﬁf?ﬁj%fi){#ﬁ
®E5iC JZ Y, sniffing @ﬁﬁft@ W RTTE
D%ﬁﬁﬁ$8u1m6 ¥ 72, AMP &
SCOP DftH iﬁ”—‘} iz X % shock avoidance
response @%Bﬁ,z l)rearing response D 38 FE
L FEERF R OB BB D BN TWD, Lz
5T, BEBRIED AR EEEERREY 34
HFBELTHE2 Y Y EBIRBEXRTHY, =
U Y EBROBAEE TR E LI D ED L L
T SCOP AL TWB EE2bND,
KERIZ B WT, MAP+SCOP 7\~ L
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HfE7 v P<BRT, DAFIALKRSE
t*, RS THEML, MEREERE TR
4% Z &5, mesocortico-prefrontal DA
FOBRE ﬁ‘Fﬂ;ﬂatBéﬂ’Lé EW) . kA,
UCHIMURA 5 Z10EMORERE Y v + D
BUSERTEF AMAITD ADZERBMEWTH 5
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DARTS D MJEE BiE -~ 6-hydroxydop-
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xR T D L5, KRR S IIFEHER
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BEE T MRS, OB EED A R OHERE
OEEE LB LEZERR LD, BETEH,
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U/ﬁ7ﬂ%WﬂU/§ﬁ%®Eﬁ¢%#
haloperidol X b i)ﬁ‘v\k’ bbb bY, Ia
B Ib B, Ic BTRWTITEI 26 L1874
MofeZ &Ik, HRITE), BHERZA~DHR
&, FOEEED AR—2 Y Y {EBIRD
BAEE B, ¥ X Y mesocorticoprefrontal
DA FROBEEOEEATRET 5 LD TH S
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5., ENFAEHIRERERCLRL T,
haloperidol DfTEHHIHAENER TS D,
haloperidol & pimozide DEHE D A KA X
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DN EIEBY & 5 BEBENRITEITS Y,
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