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TOTH, E AND A LAJTHA 3-Mer~aptoproptomt at td administration into the ~audate-putamen of the rat provokes 
dyskmesta PHARMACOL BIOCHEM BEHAV 29(3) 525-528, 1988--The undateral administration of 3-mercapto- 
prop~omc aod (MPA) through an ~mplanted guide cannula into the caudate-putamen produced dysklnesm m the rat Stnatal 
GABA and dopamme were decreased and the dopamme metabohtes 3,4-dthydroxyphenylacetlc and homovandhc acid 
were increased on the MPA-mjected side at 2-10 mm after the onset of dyskmesm The dysklnetlc movements were 
blocked by GABA or a-ammooxaloacetlc acid but not by glyclne or halopendol 

Strlatum GABA Dyskmesla 

STUDIES on movement disorders, including drug-induced 
tardlve dyskmesla (TD), indicated that in addmon to 
dopamlne (DA) and acetylchohne (ACh) GABA is also in- 
volved [5,17] It was proposed that TD may be caused by 
neuroleptlc-lnduced destruction of GABAerglc neurons in 
the caudate nucleus and putamen The activity of glutamic 
acid decarboxylase (GAD) was decreased in the substantla 
mgra of chronically haloperldol-treated rats, which showed 
chewing movements [7], and also m the postmortem brains 
of cebus monkeys with neuroleptlc-lnduced dysklnesia [8] A 
monkey with unilateral dyskmesla showed a decrease in 
GAD only m the affected side [8] Other GABA-related 
changes following chronic neurolept~c admlmstratlon, such 
as decrease in the turnover rate [11], increase in the binding 
[6] and rise in the receptor sensmvlty of GABA [16], have 
been shown m the strmtum Injection of GABA antagonists 
(p~crotoxln, blcuculllne) in the strlatum of rats provoked 
dysklnetlc activities [10, 13, 19, 21] 

Enhancement of GABA function by lnhlbmng GABA 
transamlnase in humans with TD had a beneficml effect 
Gamma-acetylemc-GABA [4] and gamma-vlnyl-GABA [9,24] 
reduced TD Clonazepam, one of the benzodmzepmes 
known to potentiate GABA mechamsms, also reduced TD in 
humans and monkeys [3] GABA agomsts were active 
agamst tardwe dysklnesm in man [14,22], and decreased the 
symptoms of oral dysklnesm m monkeys [1] 

Since the basal gangha appear to be revolved m the dys- 
kinetic movements and GABA 1s the major inhibitory 
transmitter in this region of the brain, we investigated the 
motor effect of inhibition of GABA synthesis in the strlatum, 
the largest cell mass of the basal gangha The synthesis of 
GABA was inhibited in the strtatum by focal injection of 
3-mercaptoproplomc acid (MPA), an inhibitor of GAD in the 

caudate-putamen through a chronically implanted guide can- 
nula The objective of this study was to estabhsh whether 
there is a direct relationship between stnatal GABA level 
reduction and dysklnesla The possible involvement of other 
transmitter systems In the mediation of GABA-related dys- 
kmesia was also studied 

METHOD 

Stereota~t~ Implantation o f  the GuMe Cannula 

The surgery was performed under chloral hydrate (350 
mg/kg) anesthesia A 26-gauge stainless steel grade cannula 
targeted vertically 1 mm above the site of mject~on was im- 
planted undaterally on the right side according to the coordi- 
nates of the Pellegrlno rat brain atlas [15] with a Kopf 
stereotaxlc instrument The cannula was fixed with 4 mount- 
Ing screws (2 mm) and cranloplastlc cement (Plastic Products 
C o ,  Roanoke, VA) The coordinates with system B were the 
following ~audate nueleu~, rostral-caudal (RC) 2 4 (2 4 mm 
anterior to the bregma), medial lateral (ML) 3 0 (3 0 mm 
lateral to the mldhne), dorsal ventral (DV) 5 0 (5 0 mm ven- 
tral to the surface of the skull), ~ erebellum, RC-8 8, ML 0 0, 
DV 3 0, superior colhculus, RC 5 8, ML 1 5, DV 3 5, sub- 
stantta mgra, RC-3.2, ML 3 0, DV 8 0, eorpu~ callosum, RC 
1 4, ML 3 0, DV 20 , f ron ta l  corter, RC 5 6, ML 1 5, DV 2 5, 

perlventrtcular gray matter, RC-6 0, ML 0 7, DV 3 5 The 
incisor bar was set 5 0 mm above the lnteraural hne. After 
surgery the rats were handled repeatedly and mock-injected 
durmg a 7-day recovery to habituate them to the Injection 
procedure 

In j e t  tton o f  3-MPA and Monitor mg o f  Motor Func tlon 

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

restr ict ion with 0 3-4 0 /xmol  of  M P A  (pH 7 4) in 1/zl at 0 25 
/zl/mln Af ter  rejection the rats were  put  in a 50×50×40  cm 
t ransparent  plastic bin and their  motor  behavior  was ob- 
served visually and recorded 

Vertficatlon o f  the Stte o f  lnje¢ taon 

To verify the site of  rejection m the caudate-putamen 
(Fig 1), the rats were  killed with an overdose  of  chloral 
hydrate  (900 mg/kg) injected IP, then perfused lntracardmlly 
with l so tomc sahne fol lowed by 10% formahn Each brain 
was cut  into 100-/z coronal  sectmns and stained with neutral  
red, and the site of  inject ion was ascer ta ined with the aid of  
the s tereotaxlc  atlas [15] To est imate the spread of  MPA in 
the str latum 1/xl o f  Evans  Blue was rejected The dye spread 
nearly spherically within a 0 8 to 0 9 mm radius around the 
site of  the inject ion 

Determanatlon o f  GABA, DA, and DA Metabohte~ 

Rats were  decapi ta ted  with a guillotine m the cold room 
so that the head fell into a 0 9% ( w t / v o l  ) NaC1 solution 
maintained at 0 5°C [27] The heads were  m o v e d  through the 
fluid for 5 mm to accelera te  coohng Then  the brain was 
r emoved  and both strmta were  dissected out  and f rozen in 
dry ice 

Fo r  the determinat ion  of  G A B A  the s t rmtum was 
homogenized  in 1 M perch lonc  acid The supernatant  after 
centnfugat lon  at 30,000×g for 20 mm was analyzed on an 
amino a o d  analyzer  [25] 

The  level  of  DA and DA metabol l tes  was measured  with 
H P L C  The str lata were  homogenized  m 0 05 M pe rch lonc  
acid containing 0.1% cystelne,  and the supernatant  after cen- 
tnfugat lon  was rejected into a Bxophase ODS 5-txm column 
the e lec t rode  set at +800 mV potentml [18] 

Matermls 

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

T A B L E  l 

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

/zmol/g GABA 
Right/ 

Experiments Right Left p Left 

Control 2 26_+0 24 2 41_+0 18 NS 0 94 
2-10 mln after 1 14_+0 36 2 33_+0 64 <0 01 0 49 

onset of 
dysklnesm 

3-30 mln after 1 54_+0 37 2 15_+0 54 <0 05 0 72 
dyskmesla 
ceased 

Rats were rejected with 200 /xg of MPA m the right caudate- 
putamen and kdled 3-10 mln after the onset or 3-30 man after the end 
ofdyskmesm The values are the means_+S D of 4-6 experiments 

(hemtcals  3-Mercaptoproplonlc  acid, G A B A ,  haloperl-  
dol, c~-ammooxaloacetlc acid, Evans  blue, and glycine were 
obtained f rom Sigma Chemical  Co , St Louis ,  MO 

RESULTS 

MPA injected in the right caudate-putamen of  rats in- 
duced periodtc involuntary movemen t s  of  the head, 
forel imbs,  and trunk in 5-10 mln Representa t ive  pictures of  
the mam dyskmet lc  movement s ,  which were repeated in 
every  2-10 mln, are shown in Fig 2 All dyskinet ic  move-  
ments were  reversible and dose-related The threshold dose,  
60/xg,  induced head and contralateral  forel imb movemen t s  
The higher doses  (100 to 400/zg), in addit ion,  produced bilat- 
eral forel imb and contralateral  torso movemen t s  The onset  
of  dyskinesia  was similar after different doses  but the dura- 
tion of  dyklnesia  was longer  and affected more areas of  the 
body at larger doses  The durat ion was 25, 50, 70, and 300 
min after 60, 100, 200, or  400 txg MPA respect ive ly  

The level o f  G A B A  in the right s tr iatum was reduced by 
about  50% in 3-10 min after the onset  of  dysklnesla,  and it 
was restored to 70% of  Its normal level  In 3-30 min after all 
dysklnet lc  movemen t s  ceased There  was no change in 
G A B A  levels  m the left s tna tum (Table l) Since G A B A  
regulates the DA system in the striatum, we also measured  
the level  of  DA and dopamlne metabohtes  in the str iatum 
after M P A  injection DA level  was also reduced In the right 
s tna tum after M P A  Injection, but  the levels  of  D O P A C  and 
H V A  were increased After  the end of  the dysklnet ic  move-  
ments some of  the loss in DA levels  was res tored but the 
levels  o f  D O P A C  and H V A  remained e levated (Table 2) 

All dysklnet lc  movemen t s  were  blocked by G A B A  5 
~mo130 mln before ,  or 2 /zmol  with the injection of  M P A  and 
also by 25 /~g/g o~-amlnooxaloacetlc acid a (GABA-T in- 
hibitor) 5 hr before  MPA injection Haloper ldol  and glycme 
were  ineffect ive The focal injection of  200 /xg M P A  
produced convuls ion m cerebel lum,  cont ravers ive  rotation,  
and convuls ion in colhculus superior,  hyperac t iwty  and wet  
shakes in substantia mgra, no effect  in corpus cal losum, 
convuls ion in frontal cor tex  and hyperact iv i ty  In the perlven-  
tncular  gray mat ter  

DISCUSSION 

These  results  show that a unilateral  reduct ion of  s tnatal  
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FIG 2 The three mare types of dysklnetlc movements after the unilateral ln lectlon of 60 p,g (a). 100/zg (b), or 200-400/xg (c) of MPA m the 
caudate-putamen 

T A B L E  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 

~g/g 

Experiments R L R L R L R L 

Control 0 91-+0 12 1 10±0 15 10 0 - 0  21 10 1 ±0 28 1 06_+0 13 1 29-+0 21 0 20±0 08 0 23-+0 05 
3-10 mm after 288±1 21" 1 54-+041 5 38±1 93? 103 ±274  283_+065:[: 1 67±047 0 9 6 ± 0  16 037-+0 12 

onset of 
dyskmesm 

3-30 mln after 401±1  68 1 87_+1 13 8 7 6 ± 2 2 3  869---1 50 3 16-+1 09 2 7 0 ± 0 8 3  0 8 0 ± 0  11 056-+032 
dyskmesla 
ceased 

Rats were rejected m the right stnatum with 200/xg of MPA and killed 3-10 mm after the onset or 3-30 mln after the end of the dyskmesla 
The values are the means+S D of 4-5 experiments R, L, right and left strlatum 

*p<0 02 
?p <0 05 
Sp<O Ol compared to left 

G A B A  by M P A  to a b o u t  ha l f  o f  its phys io logica l  level  in rat  
resu l t s  m dysk lnes l a  These  dysk ine t i c  m o v e m e n t s  are  re- 
vers ib le ,  end ing  as soon  as the  level  of  G A B A  rises  up to 
70% of  its no rma l  level  (Table  l)  This  M P A - l n d u c e d  dys-  
k ines la  c an  be  b locked  by  inc reas ing  the  s t n a t a l  G A B A  level  
e i the r  by  p r io r  or  s i m u l t aneous  in jec t ion  wi th  M P A  Pr ior  
b lockage  of  the  DA recep to r s  e i t he r  by  sys temic  or  focal  
in jec t ion  of  h a l o p e n d o l  had  no  inh ib i to ry  effect ,  indica t ing  
tha t  the  p o s t s y n a p t l c  DA recep to r s  are  no t  i nvo lved  in the  
med ia t i on  of  M P A - i n d u c e d  dysk lnes l a  T he  c o n c o m i t a n t  de- 
c rease  o f  D A  and  increase  of  D A  m e t a b o h t e s  (Table  2) wi th  
r educ t ion  o f  G A B A  in the  s t r l a tum are p r o b a b l y  due  to dis- 
inhib i t ion  o f  DA re lease  G A B A  has  b e e n  s h o w n  to exe r t  an  
inh ib i to ry  con t ro l  on  the  n l g r o s t na t a l  D A  s y s t e m  [2,26] 

It  has  b e e n  h y p o t h e s i z e d  tha t  the  cause  o f  m o v e m e n t  dis- 
o rde r  is an  ~mbalance  b e t w e e n  the  levels  o f  DA,  A C h  [ 12,23] 
and  G A B A  [20] in the  basa l  gangl ia  O ur  resu l t s  s uppo r t  this  
theory ,  bu t  m the  case  o f  G A B A  the  imba l ance  caused  by 

r educ t ion  p r o v o k e d  dyskmes la ,  whe rea s  the imba lance  
p roduced  by  the  inc rease  m the  s t r la ta l  G A B A  level  & d  not .  
Fo r  D A  and  A C h ,  b o t h  excess  and  r educed  level  p r o v o k e d  
dysk ine t lc  m o v e m e n t s  The  cause  o f  this  d i f ference  is p rob-  
ably the  overa l l  inh ib i to ry  na tu re  of  the  G A B A  

Since  M P A  was  no t  s h o w n  to have  n e u r o c h e m l c a l  effects  
in VlVO o t h e r  t han  the  inhib i t ion  of  G A D ,  the  dysk lnes la  tha t  
it p r o v o k e d  m the  s t r l a tum was p r o b a b l y  due  to the  r educ t ion  
of  the  G A B A  level  This  is s u p p o r t e d  by  the  f inding o f c o r r e -  
l a tmn  b e t w e e n  the  s tr la tal  G A B A  levels  and  the  onse t  and  
end  of  d y s k m e s l a  Since M P A  does  not  seem to cause  t i ssue  
damage  at the  doses  used  and  the  ra t s  were  comple te ly  nor-  
mal  e v e n  af te r  r epea ted  l n t r acauda t e  in jec t ions ,  this  mode l  
may  be  useful  for  s tudy ing  m o v e m e n t  d i so rders  
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