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KAFETZOPOULOS, E GABAergl~ me~hant~ms mediating rotattonal behavtor tn rat~ Dt~erem es het)t een dorsal and 
ventral strtatum PHARMACOL BIOCHEM BEHAV 29(3)457-460, 1988 --Local rejection of musclmol into the dorsal or 
ventral strlatum of rats did not reduce any rotational actlwty, but rejection of p~crotoxm into ventral strmtal aspects reduced 
an intense contralateral rotation Amphetamine pretreatment resulted m an ~psdateral rotation after musclmol rejection into 
dorsal strlatum and m a complex rotational pattern after ventral mject~on, characterized by an lnmal short-lasting lpsdateral 
rotation followed by a long-lasting contralateral rotation The contralateral rotation reduced by plcrotoxm was abohshed by 
amphetamine pretreatment These results indicate a functional heterogeneity between dorsal and ventral strlatal mech- 
amsms medmtmg rotational behawor, and a different pattern of dopamme-GABA interactions between dorsal and ventral 
stnatum 

Strlatum GABA Musomol Picrotoxm Amphetamine Rotational behawor Rat 

T H E R E  Is a large body of evidence suggesting that the 
GABAerglc pathways originating from the strlatum and pro- 
jectmg to the substantia mgra pars retlculata (SNr) and 
globus palhdus (GP) represent important strlatal output sys- 
tems, medmtlng the lntrastnatal dopamlnerglc activity [4, 20, 
21] One of the most extensively used tests of this strlatal 
dopammerglc activity is rotational behawor following unilat- 
eral lesions of the mgrostrmtal pathway m which direct act- 
ing dopamme (DA) receptor agonlsts cause contralateral ro- 
tation, presumably due to the development of DA receptors 
supersensitivity on the lesioned side [23] Lesion studies re- 
vealed that this DA-dependent rotational actlwty is primarily 
mediated by the stnatofugal GABAerglc efferents projecting 
to the SNr [3,9], although a role of the strlatopalhdal projec- 
tion cannot be excluded [7,20] 

The strlatum of the rat, however,  is not a homogeneous 
structure, as far as some conditioned [5, 11, 14, 27] or un- 
conditioned behaviors [12,13] are concerned This differ- 
entlatlon seems to also include DA-dependent postural 
asymmetries possibly underlying rotational behavior 
Studies m the cat revealed a functional dlssocmtion within 
the strmtum, since DA injections into various strmtal regions 
ehcited contralateral head turning at some sites and ipsdat- 
eral at other sites [2,25] In the rat, although DA Injections 
into various regions of the dorsal or ventral stnatum did not 
induce asymmetry or rotational actiwty, they elicited a 
potentmtlon of all the contralaterally &rected ongoing behav- 
iors, which was more prominent after dorsal injections [8] In 
a recent study, however,  Turski et a! [22] reported that 

musclmol rejection into dorsal or ventral strlatum of rats 
induced contralateral or lpsdateral asymmetry respectively, 
suggesting a possible dorsal-ventral dichotomy between the 
strlatal GABAerglc mechanisms me&atmg postural asym- 
metry 

In this latter study, however, the asymmetric postural 
deviations were assessed visually, Immediately after the in- 
jections of muscimol and before the ammals were lm- 
moblhzed for another test Under these conditions, some 
time-related effects of the stimulation of strlatal GABAerglc 
mechanisms on asymmetric locomotor behavior may be 
missed The purpose of the present study was to evaluate 
these effects by using automatic recording of the rotational 
behavior and to detect a possible functional dichotomy 
within the rat strlatum, concerning asymmetric locomotor 
behaviors 

METHOD 

Ammals 

Twenty-four male WIstar rats weighing 260-330 g at the 
time of operation were used The animals were housed in 
cages of four animals each on a 12 hr light-dark cycle with 
free access to food and water 

Surgery 

Rats were anaesthehzed with sodium pentobarbltal (40 
mg/kg, IP) and placed In a Dawd Kopf stereotax~c frame 
Guide stainless steel cannulae (outer diameter 0 70 mm) 
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FIG 1 Rotational behavior expressed as total lpsdateral (pos~t]ve) 
and contralateral (negative) turns m 2 hours after undateral 
mtrastnatal musclmol (A) or plcrotoxm (B) mjectlons m sahne 
treated rats and musomol (C) or plcrotoxm (D) rejections m am- 
phetamine treated rats Open bars indicate dorsal strmtal mjectmns 
and close bars ventral mtrastrmtal lnjecDons *p<0 05, **p<0 01, 
pmred Student's t-test, ~psllateral vs contralateral turns 

were implanted bilaterally and attached by dental cement 
The cannulae plugged wzth a steel mandrel of  the same length 
and aimed 1 mm above the rejection coordinates AP 0 0 
mm, 2 0-2 5 mm, V 4 and 6 mm [15] 

Rotational Behavwr 

One week after the operation rats were tested for rota- 
tional activity after dorsal or ventral mtrastrlatal injections of 
musclmol 50 ng (Sigma) or plcrotoxm 250 ng (Sigma) in 0 5/zl 
of  sahne, 30 mm after IP sahne or d-amphetamine I mg/kg 
(Sigma) pretreatment Rats were pretreated with sahne or 
d-amphetamine and placed in electromc rotometers con- 
nected with a microcomputer When the 30 rain elapsed, 
they were removed and injected lntracerebrally w~th the ap- 
propriate drug by inserting an rejection cannula (outer di- 
ameter 0 35 ram) connected via a polyethylene tube to a 5 ~l 
Hamilton syringe driven by an mjecaon pump (Harvard 
Apparatus) Injections were lasted 30 sec and the rejection 
cannulae were left in place for a further 30 sec following each 
injection m order to minimize leakage of the drug up the 
cannula track Then the rats were returned to the rotometer 
cages and rotational behavior was recorded for 3 hours 
Non-cumulative l0 mtn interval printouts were taken on the 
system printer Each animal was injected twice into the same 
hemisphere with the same drug after saline and 
d-amphetamine pretreatment and the order of treatment was 
randomized Three days intervals were allowed between 
treatments 

Histology 

On completion of the experiments, a routine hzstolog~cal 
analysis was performed in order to verify the location of the 
tips of  the mject~on cannulae Rats were decapttated after 
mtracardml perfusmn w~th formalin and the brains were 
stored in a formahn-sucrose solution Coronal sections, cut 
at 40/z in a cryomlcrotome, were stained with toluldm blue 
The exact cannula tip location was verified under micro- 
scopic exammation and transferred visually on the corre- 
sponding plates of  the Paxmos and Watson atlas (Fig 3) 
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FIG 2 Rotational behavior produced by dorsal (squares) or ventral 
(cycles) mtrastrlatal injections of musczmol m saline (close symbols) 
or amphetamine (open symbols) pretreated rats Ordinates ~psdat- 
eral (positive) or contralateral (negative) turns per 10 mm Absossa 
minutes after the lntrastnatal musc~mol rejections 

A two-way analysis of variance (ANOVA) was used to 
analyze total rotation scores expressed as differences be- 
tween lpsdateral and contralateral total rotations after the 
first 2 hr period, w~th pretreatment (sahne vs amphetamine) 
and injection (dorsal vs ventral) as factors Two different 
ANOVAs were performed, one with musclmol and one with 
plcrotoxln data Student's t-tests were calculated between 
lpsdateral and contralateral rotations for all groups, with the 
level of p < 0  05 considered as critical for statistical signifi- 
cance of the observed differences in rotation preference 
Statistical analyses were performed on a microcomputer 
using the SPSS/PC statistical package 

R E S U L T S  

Intrastrlatal musclmol injections in sahne-pretreated rats 
was followed by a non-significant preference towards lpsdat- 
eral side after dorsal injections (Fig 1A) and a non- 
slgmficant contralateral preference with an mltml short last- 
mg zpsflateral rotation after ventral injections (Fig 2) Am- 
phetamine pretreatment potentiated this preference, so that 
it reached the statistical significance criterion (Fig IC and 
2) The ANOVA for musomol  rotatton scores revealed a 
significant rejection (dorsal vs ventral) effect, F(1,44)=7 6. 
p <0 01, a non-significant treatment (saline vs amphetamine) 
effect, F(1,44)= 1 43, p =0 23, but a significant injection by 
treatment interaction, F(1,44)=5 16, p < 0  03, indicating that 
the significant differences between dorsal and ventral mjec- 
tlons were observed only after amphetamine treatment 

Picrotoxm rejection into ventral, but not dorsal, strlatum 
induced an intense contralateral rotation (Fig. 1B), which 
was abohshed by d-amphetamine pretreatment The 
ANOVA for the plcrotoxm rotation scores revealed a slgmfi- 
cant rejection effect, F(1,44)=9 45, p <0 01, and a slgmficant 
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FIG 3 Cannulae tip location transferred visually on the same hemi- 
sphere Open symbols indicate ipsllateral rotation after musclmol 
injections in amphetamine pretreated rats. close symbols indicate 
b~phaslc Ips~-contralateral pattern Open triangle indicates no rota- 
tion Circles indicate cannulae tips a~med at dorsal striatum and 
diamonds indicate cannulae tips a~med at ventral stnatum 

treatment effect, F(1,44)=5 43, p<0.03, without any sagmfi- 
cant lnjectaon by treatment interaction, F(1,44)=1 75, 
p = 0  2 

DISCUSSION 

According to our recent concepts of intrinsic stnatal 
organization. GABA acts as a neurotransm~tter within the 
stnatum and is released either from terminals of GABAerglc 
Interneurons and/or from local axon collaterals of GABAer- 
gic strionlgral and striopalhdal output neurons [1,6] As de- 
rived from electrophyslologlcal studies, the striatal output 
GABAergic neurons are in a state of strong and/or tonic 
inhibition induced by endogenous GABA [16, 17, 19, 26] 
Consequently, the GABAerglc activity m the SNr and GP 
receiving projections from these stnatal efferent GABAergic 
neurons may be relatively low [21] 

In agreement with this hypothesis, in the present study 
the GABA agonist muscimol Injected unilaterally into the 
strlatum d~d not reduce any statistically slgmficant rotation, 
although mtranlgral or mtrapalhdal musclmol induces strong 
rotational actavity [21] On the contrary, local lnjectaon of the 
GABA antagonist picrotoxln produced a marked contralat- 
eral rotation, observed however only after ventral rejections 

It has been suggested that the striatal GABAerglc inter- 
neurons are under an mhlbatory dopammerglc influence 

[6,18] Amphetamine pretreatment, therefore, acting prob- 
ably by releasing DA into the strlatum, would inhibit these 
lnterneurons, dislnhlbltlng striatal output neurons Under 
the state of this dlslnhlbitlon musclmol Induced a significant 
rotational activity, while the plcrotoxIn-lnduced rotation was 
abolished 

The complex rotational patterns, however, observed after 
lntrastrlatal musclmol injections in amphetamine pretreated 
rats indicate probably an underlying complexity of the 
GABAergic strtatal mechanisms mediating asymmetric be- 
haviors Not only dorsal and ventral injections induced op- 
posite rotation, but ventral injections Induced also a bidirec- 
tional rotational pattern, constantly reproduced m most of 
the rats These results are in agreement with previous studies 
concerning behavioral effects after bilateral GABA agonlsts 
injections or postural asymmetry after unilateral injections 
into the ventral strlatum Musc~mol and THIP injected 
bilaterally into the ventral strlatum induced first a short- 
lasting catalepsy followed by a period of long-lasting 
dose-dependent locomotor stimulation Unilateral injections 
into the same region induced also an initial short-lasting ap- 
sllateral postural asymmetry, followed by contralateral 
asymmetry, without rotational activity Injections of GABA 
agonlsts into other strlatal areas did not induce any gross 
behavaoral change [21] Since the initial lpsdateral postural 
asymmetry decreases consaderably with increased distance 
from GP, it has been proposed that this effect may be due to 
infusion of musclmol into the GP, where GABA agonlsts 
induce lpsllateral postural asymmetry [20] The finding of the 
present study, however, that picrotoxln injection into the 
same area induced a marked contralateral rotation, while 
only manor asymmetry as observed after lntrapalhdal rejec- 
tion [20], indicates a rather direct action of GABA-related 
drugs on stnatal than on palhdal GABAergic mechamsms 

The same blphaslc behavioral response, e g ,  inltml seda- 
tion followed by enhanced locomotion, has been observed 
also after systemic injection of small doses of apomorphlne 
[10], indicating a direct or indirect involvement of central 
dopamlnerglc mechanisms In the expression of this complex 
pattern Recently presented data suggests that this blphasac 
response may be due to the activation of different receptor 
subpopulatlons, since apomorphme-mduced stimulation can 
be antagonized by D-1 as well as D-2 receptor blockage, 
while apomorphlne sedation is antagomzed by D-2 receptor 
blockage [24] In an attempt to relate DA receptor subtypes 
with GABAerglc output systems, Herrera-Marschltz and 
Ungerstedt [7] provaded evidence that the D-2 receptor agonlst 
pergollde may induce Inhibition of strlopalhdal GABAerglc 
neurons, while the D-l/D-2 agonlst apomorphine may inhibit 
GABAergac lnterneurons exerting dismhlbltion on the 
strlonigral GABAerglc projection 

According to the above outlined scheme of DA-GABA 
interactions within the strlatum, it seems reasonable to con- 
clude that the lpsllateral and contralateral components of the 
rotataonal activity, as presented in this study, are due to the 
activation of the two distinct strlatal output systems, the 
stnopallidal and the strionlgral GABAerglc pathways Mus- 
cxmol induced rotational activity after injections in both dor- 
sal and ventral striatal aspects m amphetamine-treated rats, 
indicating a DA-GABA interaction in both areas The ipsilat- 
eral rotation observed after dorsal muscimoi injections may 
be due to the lnhabitlon of a dorsal striatum-SN GABAergic 
projection The finding that injection of musclmol or pic- 
rotoxm in this area in sahne pretreated rats did not induce 
any rotational activity indicates that the GABAergic output 
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neurons  m dorsal  s t r la tum maintain a funct ional  equihbr lum 
and stability which  may be the result  o f  collateral  innerva-  
t lon A m p h e t a m i n e  p re t r ea tmen t  probably  r educes  the inter- 
nal G A B A  pool,  by inhibit ing these  output  neurons ,  and con- 
sequent ly  permi ts  musc imol  to exer t  its inhibi tory effect  on 
the strlonlgral neurons  located  into the lpsdateral  dorsal  
s t r latum 

On the cont rary ,  In ventral  s t r la tum the GABAerg lc  inhi- 
bition of  the output  neurons  may be media ted  by Inter- 
neurons  which  inhibit  both  str iomgral  and s tr lopalhdal  
neurons  Af te r  dlsinhlbltlOn of  these  output  neurons  by 

d -amphe tamine ,  musc tmol  induces  the tpsllateral c o m p o n e n t  
o f  the obse rved  rotat ion by inhibiting the s tnontgra l  pa thway  
and the contralateral  c o m p o n e n t  by mhiblt lng the str iopalh- 
dal neurons  

The findings of  the p resen t  s tudy suppor t  the above in- 
te rpre ta t ion ,  but do not  permit  any definit ive conclus ion  on 
this mat ter ,  c o n s i d e n n g  the complex t ty  of  the internal 
strlatal organizat ton The rotat ing rat  model ,  however ,  
seems  to be a very useful tool for  the fur ther  invest igat ion of  
the regional d i f ferences  and the complex  D A - G A B A  in- 
te rac t ions  w~thtn the s t n a t u m  
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