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TOTH, E AND A LAJTHA 3-Mercaptopropronic aucid admunistration into the caudate-putamen of the rat provokes
dyskinesta  PHARMACOL BIOCHEM BEHAYV 29(3) 525-528, 1988 —The unilateral administration of 3-mercapto-
propionic acid (MPA) through an implanted guide cannula into the caudate-putamen produced dyskinesia in the rat Striatal
GABA and dopamine were decreased and the dopamine metabolites 3,4-dihydroxyphenylacetic and homovanillic acid
were increased on the MPA-njected side at 2-10 mun after the onset of dyskinesia The dyskinetic movements were
blocked by GABA or a-aminooxaloacetic acid but not by glycine or halopendol

Striatum GABA Dyskinesia

STUDIES on movement disorders, including drug-induced
tardive dyskinesia (TD), indicated that in addition to
dopamine (DA) and acetylcholine (ACh) GABA 1s also n-
volved [5,17] It was proposed that TD may be caused by
neuroleptic-induced destruction of GABAergic neurons in
the caudate nucleus and putamen The activity of glutamic
acid decarboxylase (GAD) was decreased 1n the substantia
migra of chronically haloperidol-treated rats, which showed
chewing movements [7], and also in the postmortem brains
of cebus monkeys with neuroleptic-induced dyskinesia [8] A
monkey with umlateral dyskinesia showed a decrease 1n
GAD only in the affected side [8] Other GABA-related
changes following chronic neuroleptic adminstration, such
as decrease 1n the turnover rate [11], increase n the binding
[6] and nise 1n the receptor sensitivity of GABA [16], have
been shown 1n the striatum Injection of GABA antagonists
(picrotoxin, bicuculhne) n the striatum of rats provoked
dyskinetic activities [10, 13, 19, 21]

Enhancement of GABA function by mmhibiting GABA
transaminase 1n humans with TD had a beneficial effect
Gamma-acetylenic-GABA [4] and gamma-vinyl-GABA [9,24]
reduced TD Clonazepam, one of the benzodiazepines
known to potentiate GABA mechanisms, also reduced TD in
humans and monkeys [3] GABA agonists were active
against tardive dyskinesia in man {14,22], and decreased the
symptoms of oral dyskinesia in monkeys [1]

Since the basal ganglia appear to be involved 1n the dys-
kinetic movements and GABA 1s the major mhibitory
transmutter mn this region of the bramn, we investigated the
motor effect of inbition of GABA synthesis 1n the striatum,
the largest cell mass of the basal gangha The synthesis of
GABA was 1nhibited 1n the striatum by focal mjection of
3-mercaptopropionic acid (MPA), an inhibitor of GAD 1n the
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caudate-putamen through a chronically implanted gmide can-
nula The objective of this study was to establish whether
there 1s a direct relationship between striatal GABA level
reduction and dyskinesia The possible involvement of other
transmutter systems in the mediation of GABA-related dys-
kinesia was also studied

METHOD
Stereotacic Implantation of the Guide Cannula

The surgery was performed under chloral hydrate (350
mg/kg) anesthesta A 26-gauge stainless steel gurde cannula
targeted vertically 1 mm above the site of mjection was 1m-
planted unilaterally on the right side according to the coordi-
nates of the Pellegrino rat brain atlas [15] with a Kopf
stereotaxic instrument The cannula was fixed with 4 mount-
ing screws (2 mm) and cranioplastic cement (Plastic Products
Co , Roanoke, VA) The coordinates with system B were the
following caudate nucleus, rostral-caudal (RC) 2 4 (2 4 mm
anterior to the bregma), medial lateral (ML) 30 (3 0 mm
lateral to the midhne), dorsal ventral (DV) 5 0 (5 0 mm ven-
tral to the surface of the skull), cerebellum, RC-8 8, ML 0 0,
DV 3 0, superior colliculus, RC 58, ML 15, DV 3 5, sub-
stantia migra, RC-3.2, ML 3 0, DV 8 0, corpus callosum, RC
14,ML30,DV20,frontal cortex, RC56, ML 15,DV?25,
perwventricular gray matter, RC-6 0, ML 07, DV 35 The
mcisor bar was set S 0 mm above the interaural line. After
surgery the rats were handled repeatedly and mock-mjected
during a 7-day recovery to habituate them to the mjection
procedure

Injection of 3-MPA and Momitoring of Motor Function

Seven days after surgery the rats were injected without
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FIG 1 Schmatic reconstruction of the track of guide cannula and
the site of injection in the caudate-putamen 2 4 mm anterior to
bregma

restriction with 0 3-4 0 umol of MPA (pH7 4)in 1 ulat 0 25
pl/min  After injection the rats were put 1n a 50x50x40 cm
transparent plastic bin and their motor behavior was ob-
served visually and recorded

Verification of the Site of Injection

To verify the site of imjection in the caudate-putamen
(Fig 1), the rats were killed with an overdose of chloral
hydrate (900 mg/kg) injected IP, then perfused intracardially
with 1sotonic saline followed by 10% formalin Each brain
was cut into 100-u coronal sections and stained with neutral
red, and the site of injection was ascertained with the aid of
the stereotaxic atlas [15] To estimate the spread of MPA 1n
the striatum 1 ul of Evans Blue was injected The dye spread
nearly spherically within a 0 8 to 0 9 mm radius around the
site of the injection

Determination of GABA, DA, and DA Metabolites

Rats were decapitated with a guillotine 1n the cold room
so that the head fell into a 0 9% (wt /vol ) NaCl solution
maintained at 0 5°C [27] The heads were moved through the
flud for 5 min to accelerate cooling Then the brain was
removed and both striata were dissected out and frozen n
dry 1ce

For the determination of GABA the striatum was
homogenized 1n 1 M perchloric acild The supernatant after
centrifugation at 30,000xg for 20 min was analyzed on an
amuno acid analyzer [25]

The level of DA and DA metabolites was measured with
HPLC The striata were homogenized in 0 05 M perchloric
acid containing 0.1% cysteine, and the supernatant after cen-
trifugation was injected into a Biophase ODS 5-um column
the electrode set at +800 mV potential [18]

Materials

Ammals Male Wistar rats (280-320 g) bred in our animal
facility were used The amimals were kept on a 12-hr light/
dark cycle, fed standard diet, and given water ad lib

TOTH AND LAJTHA

TABLE 1

STRIATAL GABA LEVELS AFTER UNILATERAL INJECTION QF
3-MERCAPTOPROPIONIC ACID IN CAUDATE-PUTAMEN

umol/g GABA

Right/

Experiments Right Left p Left
Control 226+024 2410 18 NS 094
2-10 mun after 1142036 233+064 <0 01 049

onset of

dyskinesia
3-30 mun after 154+0 37 215+0 54 <0 05 072

dyskinesia

ceased

Rats were injected with 200 ug of MPA 1n the night caudate-
putamen and killed 3-10 min after the onset or 3-30 min after the end
of dyskinesia The values are the means+S D of 4-6 experiments

C hemicals 3-Mercaptopropionic acid, GABA, haloper:-
dol, a-aminooxaloacetic acid, Evans blue, and glycine were
obtained from Sigma Chemical Co , St Louts, MO

RESULTS

MPA 1njected in the right caudate-putamen of rats in-
duced periodic mvoluntary movements of the head,
forelimbs, and trunk in 5-10 min Representative pictures of
the mam dyskinetic movements, which were repeated in
every 2-10 min, are shown in Fig 2 All dyskinetic move-
ments were reversible and dose-related The threshold dose,
60 ug, mduced head and contralateral forelimb movements
The higher doses (100 to 400 ug), in addition, produced bilat-
eral forelimb and contralateral torso movements The onset
of dyskinesia was similar after different doses but the dura-
tion of dykinesia was longer and affected more areas of the
body at larger doses The duration was 25, 50, 70, and 300
mun after 60, 100, 200, or 400 ug MPA respectively

The level of GABA 1n the right striatum was reduced by
about 50% 1n 3-10 min after the onset of dyskinesia, and 1t
was restored to 70% of 1ts normal level 1n 3-30 min after all
dyskinetic movements ceased There was no change in
GABA levels 1n the left stnatum (Table 1) Since GABA
regulates the DA system 1n the striatum, we also measured
the level of DA and dopamine metabolites 1n the striatum
after MPA 1njection DA level was also reduced i the right
striatum after MPA njection, but the levels of DOPAC and
HVA were increased After the end of the dyskinetic move-
ments some of the loss in DA levels was restored but the
levels of DOPAC and HV A remained elevated (Table 2)

All dyskinetic movements were blocked by GABA §
umol 30 min before, or 2 pmol with the injection of MPA and
also by 25 ug/g a-aminooxaloacetic acid a (GABA-T m-
hibitor) 5 hr before MPA injection Halopernidol and glycine
were meffective The focal mjection of 200 ug MPA
produced convulsion 1n cerebellum, contraversive rotation,
and convulsion 1n colliculus superior, hyperactivity and wet
shakes m substantia mgra, no effect in corpus callosum,
convulsion 1n frontal cortex and hyperactivity in the peniven-
tricular gray matter

DISCUSSION

These results show that a untlateral reduction of striatal
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FIG 2 The three marn types of dyskinetic movements after the unilateral imjection of 60 ug (a). 100 ug (b), or 200-400 ug (c) of MPA n the

caudate-putamen

TABLE 2

LEVELS OF DOPAMINE AND ITS METABOLITES IN STRIATUM AFTER INJECTION OF 3-MERCAPTOPROPIONIC ACID
IN THE CAUDATE-PUTAMEN

DOPAC DA HVA DOPA + HVA/DA
Hg/g
Experiments R L R L R L R L
Control 091012 110=+0 15 100 £0 21 101 =028 106=0 13 129+0 21 020008 023+005
3-10 mun after 2 88=121* 1 54+0 41 538+1 93t 103 274 2 83+065% 167047 096016 037x012
onset of
dyskinesia
3-30 mun after 401168 187+113 8762 23 869150 316x109 270083 080011 0 56+0 32
dyskinesia
ceased

Rats were injected 1n the right striatum with 200 ug of MPA and killed 3-10 min after the onset or 3-30 mun after the end of the dyskinesia
The values are the means+S D of 4-5 experiments R, L, nght and left striatum

*p<0 02
p<0 05
ip<0 01 compared to left

GABA by MPA to about half of its physiological level 1n rat
results in dyskinesia These dyskinetic movements are re-
versible, ending as soon as the level of GABA rises up to
70% of 1ts normal level (Table 1) This MPA-induced dys-
kinesia can be blocked by increasing the striatal GABA level
either by prior or simultaneous myection with MPA Prior
blockage of the DA receptors either by systemic or focal
myection of haloperidol had no inhibitory effect, indicating
that the postsynaptic DA receptors are not involved 1n the
mediation of MPA-induced dyskinesia The concomitant de-
crease of DA and increase of DA metabolites (Table 2) with
reduction of GABA 1n the striatum are probably due to dis-
inhibition of DA release GABA has been shown to exert an
mhibitory control on the nigrostriatal DA system [2,26]

It has been hypothesized that the cause of movement dis-
order 1s an imbalance between the levels of DA, ACh [12,23]
and GABA [20] in the basal gangha Our results support this
theory, but in the case of GABA the imbalance caused by

reduction provoked dyskinesia, whereas the imbalance
produced by the increase 1n the striatal GABA level did not.
For DA and ACh, both excess and reduced level provoked
dyskinetic movements The cause of this difference 1s prob-
ably the overall inhibitory nature of the GABA

Since MPA was not shown to have neurochemical effects
1 vivo other than the inhibition of GAD, the dyskinesia that
it provoked 1n the striatum was probably due to the reduction
of the GABA level This 1s supported by the finding of corre-
lation between the striatal GABA levels and the onset and
end of dyskinesia Since MPA does not seem to cause tissue
damage at the doses used and the rats were completely nor-
mal even after repeated intracaudate injections, this model
may be useful for studying movement disorders
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