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BOLDRY, R . Y CHANG, D D MILLER AND N J URETSKY Behavu~ral effe~ t~ ofa dtmethvl~ulfomum analog o~ 
dopamme after mje~ tton into the nuc leu~ a~ ~ umben~ and the 3trtatum PHARMACOL BIOCHEM BEHAV 24(2) 223-228, 
1986 - -We  have prewously synthesized a chemical analog of dopamme (DA) m which the amine group has been replaced 
by a permanently charged dlmethylsulfomum group In the present study, we have determined whether this compound can 
exert DA agomst act~wty m the nucleus accumbens by companng its effects with those of DA When DA was rejected into 
the nucleus accumbens of rats pretreated with nmlamlde, a monoamme oxtdase inhibitor, there was marked st~mulatton of 
locomotor actlwty Slmdarly, after mtraaccumbens rejection, the sulfomum analog also produced a marked stimulation of 
locomotor activity, and this effect was inhibited by the DA receptor antagomst, halopendol (0 2 mg/kg, IP) However, the 
sulfomum analog d~d not stimulate locomotor activity when rats were pretreated with sahne instead of malamlde In 
addition, the st~mulatlon of locomotor actlvlty produced by the sulfomum analog m rats pretreated with malam~de was 
completely mh~b~ted by the DA synthes~s inhibitor, c~-methyl-p-tyroslne These results suggest that the stimulation of 
locomotor activity by the sulfomum analog is medmted indirectly through the release of DA The sulfonlum analog was able 
to produce marked contralateral orchng after ~t was rejected into the stnatum of rats on the side of the brain in whxch DA 
nerve terminals were previously destroyed with 6-hydroxydopamlne Simdarly, the sulfomum analog produced a marked 
stimulation of locomotor acuv~ty after ~t was rejected into the nucleus accumbens of rats that were prewously rejected into 
this region w~th 6-hydroxydopamme These results suggest that the sulfomum analog of dopamme can exert direct as well 
as md~rect DA agomst act~wty 

Dopamme Sulfomum analog of dopamme Nucleus accumbens Stnatum Locomotor activity 

A B N O R M A L I T I E S  of  dopamlne rg lc  n e u r o t r a n s m l s s l o n  in 
the  CNS have  been  l m p h c a t e d  in severa l  dzsease s ta tes  in- 
c luding P a r k m s o n ' s  d isease ,  s ch i zophren ia ,  H u n t i n g t o n ' s  
chorea ,  and  ta rd lve  dysk lnes l a  [10] C o n s e q u e n t l y ,  the re  has  
been  cons ide rab l e  in te res t  m deve lop ing  dopamlne rg l c  
agonls t s  to use  in p roduc ing  a m m a l  mode l s  of  these  condi-  
t ions  and  in t r ea t ing  d i seases  caused  by  an  i m p a i r m e n t  m 
d o p a m m e r g l c  n e u r o t r a n s m l s s l o n  

We h a v e  b e e n  s tudy ing  the  re la t ionsh ip  b e t w e e n  the  
molecu la r  s t ruc tu re  of  d o p a m m e  (DA) and  DA agonls t  ac t iv-  
ity In o rde r  to d e t e r m i n e  w h e t h e r  the  n i t rogen  a t o m  of  DA is 
r eqmred  for  DA agonls t  ac t iv i ty ,  we have  s yn t he s i zed  an  
ana log  o f  DA,  2-(3,4 d l h y d r o x y p h e n y i ) - e t h y l - d l m e t h y l -  
su l fon lum iodide In this  c o m p o u n d ,  the  amine  g roup  of  DA 
is rep laced  by  a cha rged  d lme thy l su l fon lum group  ( su l fon lum 
analog)  [ 1] 

The  su l fon lum analog  is p e r m a n e n t l y  cha rged  and  prob-  
ably does  not  c ross  the  b lood bra in  bawle r  The re fo re ,  this  
c o m p o u n d  was t es ted  for  dopamlne rg t c  ac t iv i ty  us ing  two 
di f ferent  mode l s  m which  the  drug  was  in jec ted  di rect ly  into  
the  bra in  In a behav io ra l  mode l ,  the  su l fonmm ana log  and  

DA were  in jec ted  uni la tera l ly  into  the  s t n a t u m  of  rats  on  the  
same  side of  the  b ra in  in which  dopamlne rg lc  ne rve  t e rmina l s  
were  p rev ious ly  d e s t r o y e d  with 6 - h y d r o x y d o p a m m e  It was  
found  that  u n d e r  these  cond i t ions ,  b o t h  the su l fon lum ana log  
as well as DA were  able to p roduce  c o n t r a v e r s l v e  circl ing 
b e h a v i o r  [1] In an  m-vi t ro  mode l ,  it was  found  tha t  the  sul- 
fon lum analog,  like DA,  was able  to inhibi t  the  
depo la r l za t ton - lnduced  re lease  of  ~H-acetylchollne f rom 
str latal  sl ices [12] T h e s e  ln-VlVO and  in-vi t ro  effects  were  
b locked  by  a DA r e c e p t o r  a n t a g o m s t  sugges t ing  that  the ac- 
t ions  of  the  su l fon lum ana log  were  med ia t ed  t h rough  the  
ac t iva t ion  of  d o p a m m e r g l c  r ecep to r s  

DA and  DA agoms t  drugs  p roduce  a m a r k e d  hyperac t iv -  
ity r e s p o n s e  af te r  the i r  b i la tera l  admin i s t r a t i on  into the nu- 
cleus a c c u m b e n s  of  ra ts  p r e t r ea t ed  wi th  a m o n o a m l n e  
ox ldase  inhib i tor  [2, 5, 9] Since the  su l fomum analog  ap- 
pears  to exer t  DA agonls t  ac t iv i ty  m the  s t r la tum,  it was  
an t i c ipa ted  tha t  this  c o m p o u n d  would  exer t  a s imilar  effect  in 
the  nuc leus  a c c u m b e n s  To tes t  this  poss lb lh ty ,  we have  
c o m p a r e d  the  effects  p r o d u c e d  by  the  su l fon lum analog  wi th  
those  p roduced  by  DA af ter  m t r a a c c u m b e n s  admin i s t r a t i on  

~Requests for reprints should be addressed to Dr Norman J Uretsky, The Ohio State Umverslty, College of Pharmacy, 500 West 12th 
Avenue, Columbus, OH 43210 
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FIG 1 Effect of the tntraaccumbens injection of DA on the locomo- 
tor activity of rats pretreated with nialamlde Rats were injected 
with nlalamlde, 100 mg/kg, IP and l hour later with different doses of 
DA (expressed as nmoles) or vehicle directly into the nucleus ac- 
cumbens Locomotor actwlty was recorded for 3 hours Each value 
represents the mean locomotor actlvlty_+S E M of 4 determina- 
tions 
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FIG 2 Effect of the lntraaccumbens injection of the sulfomum 
analog of DA on the locomotor activity of rats pretreated with 
malamlde Rats were injected with malamlde, 100 mg/kg IP, and l 
hour later with different doses of the sulfonlum analog (expressed as 
nmoles) or vehicle Locomotor actiwty was recorded for 3 hours 
Each value is the mean_+S E M of 4 determmanons 

M E T H O D  

Nu~ leus A~ cumben~ InJections 

Male Sp rague -Dawley  ra t s  (Har lan ,  Ind ianapo l i s ,  IN)  
weighing  170-200 g rams  at the  t ime  of  su rgery  were  used  
t h r o u g h o u t  the  e x p e r i m e n t s  Fo r  the  I n t r a a c c u m b e n s  injec- 
t ions  ra ts  were  a n e s t h e t i z e d  wi th  a h a l o t h a n e / o x y g e n  mix- 
ture  and  p laced  in a s t e reo tax lc  f r ame  (David  K n o p f  Ins t  , 
Tu junga ,  CA)  Holes  were  t hen  dri l led on  each  side o f  the  
skull  a t  the  fo l lowing coo r d i na t e s  A 9 4, L_+2 4 [7] for  injec- 
t ion  Into the  nuc leus  a c c u m b e n s  The  need le  o f  a 10 #1 
H a m i l t o n  Syr inge  (Hami l ton  C o m p a n y ,  Reno ,  N V )  was  in- 
se r ted  at  a 10 degree  angle (to avo id  punc tu r ing  the  vent r i -  
cles)  in to  the  ho les  to  a dep th  of  V - I 0, and  1 0 t~l of  d rug  or  
vehic le  were  in jec ted  b i la tera l ly  at a ra te  of  0 5 ~ l /min  The  
m l c r o - s y n n g e  was  left In place  for  an  add i t iona l  minu te  to 
a l low for  d i f fus ion of  the  so lu t ion  a w a y  f rom the  in jec t ion  
need le  Af te r  the  drug or  vehic le  in jec t ions ,  the  skin inc i s ion  
was  c losed  wi th  w o u n d  clips and  c o v e r e d  wi th  hdoca lne  
o i n t m e n t  to re l ieve  any  pain  Rats  r e c o v e r e d  f rom a n e s t h e s i a  
wi th in  5-10  minu t e s  a f te r  the  r em ova l  o f  h a l o t h a n e  and  were  
p laced  m ac t iv i ty  cages  for  m e a s u r e m e n t  of  l o c o m o t o r  a c n v -  
ity E a c h  ra t  was  used  on ly  once  for  these  s tud ies  

In the  s tudy  us ing  6 - h y d r o x y d o p a m m e ,  ra ts  were  in jec ted  
b i la tera l ly  wi th  6 - h y d r o x y d o p a m i n e  h y d r o b r o m i d e  (8 ~.g of  
f ree  b a s e  in 2 ~i)  or  vehic le  (0 1% ascorb ic  acid in sahne)  into 
the  nuc leus  a c c u m b e n s  The  ra ts  were  then  r e tu rned  to the i r  
h o m e  cage Ten  days  later ,  the  ra ts  were  in jec ted  wi th  am- 
pl~etamine sulfa te  (1 5 mg/kg, IP) and  the i r  m o t o r  ac t lv l ty  
was m e a s u r e d  In con f i rma t ion  of  p rev ious  r epor t s ,  the  
st i~nulation of  l o c o m o t o r  ac t iv i ty  by  a m p h e t a m i n e  was  l ower  
in the  6 - h y d r o x y d o p a m l n e - t r e a t e d  ra t s  c o m p a r e d  to the  ve- 
h ic le - t rea ted  rats  T h r e e  days  later ,  all an imals  were  in jected 
wi th  d o p a m i n e  or  the  su l fon ium ana log  d i rec t ly  in to  the  nu- 
c leus  a c c u m b e n s  us ing the  p r o c e d u r e  desc r ibed  a b o v e  and  

t hen  were  p laced  in the cages  for  r ecord ing  l o c o m o t o r  act iv-  
ity 

Lo~ omolor At  tlVttV 

Rats  were  p laced  in l o c o m o t o r  ac t iv i ty  cages  for  10 min- 
u tes  to al low t h e m  to adap t  to the  e n v i r o n m e n t  They  were  
then  r e m o v e d  f rom the cages,  ane s the t i z ed  with halo- 
t h a n e / o x y g e n  and  in jected with tes t  drugs  into the  nuc leus  
a c c u m b e n s  Af te r  drug admin i s t r a t ion ,  the  rats  were re- 
t u rned  to the  l o c o m o t o r  ac t iv i ty  cages  and  act ivi ty  was  re- 
co rded  as a func t ion  of  t lme The  l o c o m o t o r  ac t iv i ty  cages  
( O p t o - V a r l m e x - m m o r ,  C o l u m b u s  I n s t r u m e n t s ,  C o l u m b u s  
OH)  were  des igned  to measu re  a m b u l a t o r y  m o v e m e n t s ,  bu t  
no t  total  ho r i zon ta l  or  to ta l  ver t ical  m o v e m e n t s  The  cages  
c o n t a i n e d  12 by  121 r b e a m s  pass ing  at a he ight  of  5 cm f rom 
the  b o t t o m  of  the cage t h rough  a ven t i l a ted  Plexlglas box 
measu r ing  42 cm by 42 cm and  was 20 cm high L o c o m o t o r  
ac t iv i ty  (i e ,  a m b u l a t o r y  m o v e m e n t )  was r eco rded  as the 
n u m b e r  of  t imes  two consecu t ive  b e a m s ,  3 5 cm apar t ,  were  
In te r rup ted  dur ing  the  expe r imen t a l  in terval  The  da ta  were  
p n n t e d  out  on  a digital c o u n t e r  All o b s e r v a t i o n s  were  made  
in an Isolated e n v i r o n m e n t a l  room,  ma in t a ined  at a cons t an t  
t e m p e r a t u r e  of  22_  + I°C 

Medial Forebram Bundle lnje~ tton~ 

The  effects  of  the  su l fon ium ana logue  on  circl ing b e h a v i o r  
were  d e t e r m i n e d  by  the  d i rec t  in jec t ion of  c o m p o u n d s  into 
the  cauda t e  nuc leus  on  the  same side of  the  brain  as a unilat-  
eral  6 - h y d r o x y d o p a m i n e - l n d u c e d  les ion of  the  media l  fore- 
bra in  bundle  [11] Rats  were  anes the t ized  with chloral hydra te  
400 mg/kg IP, p laced  into the  s te reo tax ic  f rame,  and  holes  
were  dri l led into the  skull 6 - H y d r o x y d o p a m l n e  (8 #g)  was  
Injected th rough  one  of  the  holes  m a vo lume of  4/~1 into the  
r ight  media l  fo rebra in  bund le  us ing  the coord ina te s  A 3 4, V 
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FIG 3 Effect of halopendol on the locomotor acnvlty reduced by 
lntraaccumbens admlmstrat~on of the sulfonlum analog m 
malamJde-pretreated rats Rats were injected with malamlde, 100 
mg/kg, IP, 1 hour before the mjection of the sulfomum analog into 
the nucleus accumbens Locomotor activity was then recorded for 
90 minutes at which rime the rats were injected with either halopen- 
dol, 0 2 mg/kg, IP, or saline, and the recording of locomotor actwlty 
was continued Each value is the mean+_S E M of 4-5 observa- 
tions The motor activity of the halopendol-treated rats was slgmfi- 
cantly less than that of saline at 120 150 and 180 minutes after the 
sulfonlum analog mjecnon (p<0 01) 

3 l ,  L 1 7 [7] A second  hole was dri l led into the  skulls  of  
these  an imal s  for la te r  in jec t ion  of  drugs  into the  s t r i a tum at 
the  coo rd ina t e s  A 8 2, V 0 0, and  L 2 5 Twe lve  days  af te r  
su rgery  the  an imal s  were  t e s t ed  for  c~rcllng r e s p o n s e s  to 
a p o m o r p h i n e  (1 mg/kg SC) Only  those  an imals  which  re- 
sponded  to a p o m o r p h l n e  wi th  cont ra la te ra ]  tu rn ing  were  
se lec ted  for  s tudy ing  the effects  of  drugs  inJected 
ln t ras t r la ta l ly  

F i f t een  days  af te r  6 - h y d r o x y d o p a m l n e  admin i s t r a t ion ,  
rats  were  a n e s t h e t i z e d  with a h a l o t h a n e / o x y g e n  mix ture  and  
p laced  in the  s t e reo tax lc  f r ame  The  need le  of  a Hami l ton  
s y n n g e  was inse r ted  into the  hole  in the skull a b o v e  the  
s t n a t u m  to the  appropr i a t e  dep th ,  and  so lu t ions  o f  the  drugs  
were  inJected in a total  vo lume  of  2 0 /xl at a ra te  of  1 0 
~zl/mlnute The  rats  r e c o v e r e d  f rom a n e s t h e s i a  wi th in  5 
minu te s  o f  d rug  inJection and  were  placed in a glass c h a m b e r  
for  the m o n l t o n n g  of  circl ing b e h a v i o r  

( tr~ hng Behavior 

After  the  l n t r a s t n a t a l  inJect ions,  the  ra ts  were  p laced  into 
22 li ter hemisphe r i ca l  glass c h a m b e r s  The  n u m b e r  of  com-  
plete  tu rns  (360 °) were  coun t ed  for  p e n o d s  of  5 m i nu t e s  at  15 
minu te  in te rva ls  for  one  hou r  s ta r t ing  15 minu te s  a f te r  d rug  
inJection 

Drug 

The  fol lowing c o m p o u n d s  were  p u r c h a s e d  f rom Sigma 
Chemica l  Co (St Louis ,  MO) Nla lamlde ,  wh ich  was  dis- 
so lved  in a m i n i m u m  a m o u n t  of  0 1 N H ydr och l o r i c  acid and  
then  di lu ted wl th  dist i l led water ,  c~-methyl-p-tyrosine 

~. ~. N IALAMIDE + SULFONIUM ANALOG 
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FIG 4 Effect of malamlde on the locomotor activity produced by 
the lntraaccumbens administration of the sulfomum analog Rats 
were either injected with saline or nlalamide, 100 mg/kg, IP Two 
hours later, the rats were injected into the nucleus accumbens with 
either vehicle or the sulfonlum analog and locomotor activity de- 
termined Each value is the mean_+S E M of 5 determinations The 
locomotor activity of the malamide-sulfomum analog-treated group 
was mgmficantly greater than that of the other groups (p<0 01) 

(methyl  ester),  which was dissolved in distil led wa te r  The  
d lmethylsu l fon lum analog of  DA was synthes ized  as previously  
descr ibed  [1] and was dissolved m a 0 2 mg/ml solution of  
ascorbic  acid, the pH of  the final solution was 5 0 Control  
animals  were  a lways injected with the appropr ia te  vehicle 
Haloper ldol  (Haldol,  McNei l  Labs)  was  used as commercia l ly  
prepared  

Start stt~ 

Data  were  e x p r e s s e d  as the  m e a n  and  the  s t anda rd  e r ro r  
of  the  m e a n  (SEM)  Signif icant  d i f fe rences  were  eva lua ted  
us ing the  n o n - p a r a m e t r i c  two tai led M a n n - W h i t n e y  U- tes t  
wi th  a level  of  p < 0  05 be ing  cons ide red  s ignif icant  

R E S U L T S  

Effi'( t o[ the Intraa~ c umben ~ Admmtstratton of DA on the 
Lo~ omotor A¢ nvtty o f  Ntalamtde-Pretreated Rat~ 

Rats  were  in jec ted  wi th  n la lamide  (100 mg/kg IP), a 
m o n o a m i n e  ox idase  (MAO)  inh ib i to r  One  h o u r  later ,  the  
ra ts  were  inJected di rect ly  into  the  nuc leus  a c c u m b e n s  wi th  
d i f ferent  c o n c e n t r a t i o n s  of  DA and  the  m o t o r  ac t iv i ty  was 
r eco rded  for  3 hours  As  s h o w n  prev ious ly  [2, 5, 9], DA 
p r o d u c e d  a dose  d e p e n d e n t  s t imula t ion  of  l o c o m o t o r  ac t iv i ty  
(Fig 1) Peak  s t imula t ion  of  ac t iv i ty  occu r r ed  at  approx-  
imate ly  2-4  hou r s  a f te r  d rug  admin i s t r a t i on  (data  no t  shown)  

Effe~ t o f  the lntraac ~ umben~ Admmlstratton o f  the 
Sulfonmm Analog o f  DA on Locomotor A( nvtty 

After  p r e t r e a t m e n t  with  n la lamide  (I00 mg/kg, IP), the  
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FIG 5 Effect ofa-methyl-p-tyrosme pretreatment on the locomotor 
activity produced by the mtraaccumbens administration of the sul- 
fomum analog m nlalamlde pretreated rats Rats were injected with 
either saline or o~-methyl-p4yroslne, 250 mg/kg, IP Two hours later 
they were rejected with nlalamlde 100 mg/kg, IP and one hour later 
with the sulfonIum analog (52 nmoles) dwectly into the nucleus ac- 
cumbens and locomotor actwlty was determined Each value is the 
mean_+S E M of 4 observatmns The locomotor activity of the 
group pretreated with a-methyl-p-tyrosme was slgmficantly less 
than that of the sahne pretreated group at 60 mln (p<0 025) and at 
120 and 180 mln (p<0 01) 

su l fon lum analog,  like DA.  also p roduced  a dose  d e p e n d e n t  
s t imula t ion  of  l o c o m o t o r  ac t iv i ty  (Fig 2) This  h y p e r m o t , h t y  
r e s p o n s e  p r o d u c e d  by  doses  o f  26 to 104 nmoles  was  smal le r  
for  the  su l fon lum analog  t han  for  DA (Figs 1 and  2) In o rde r  
to d e t e r m i n e  w h e t h e r  the  inc rease  in l o c o m o t o r  ac t iv i ty  in- 
duced  by  the  su l fon lum analog  was m e d m t e d  t h r ough  the  
s t l m u l a h o n  of  D A  recep to r s ,  the ra ts  were  Injected wi th  
e i the r  h a l o p e n d o l  (0 2 mg/kg.  IP) or  s a h n e  1 5 hou r s  a f te r  the  
l n t r a a c c u m b e n s  in jec t ion of  the su l fon lum analog  Haloper l -  
dol was  found  to p ro duce  a m a r k e d  inhib i t ion  of  the s t imula-  
t ion of  l o c o m o t o r  ac t iv i ty  i nduced  by the su l fonlum analog  
(Fig 3) 

Effe( t o f  Ntalamtde on the Stmtulatton o f  Lo~ omotor 
A( ttvtty Indut ed by the Sulfonlum Analog o[ DA 

In this  s tudy ,  ra ts  were  in jec ted  wi th  e i the r  sal ine or  
n la lamlde  (100 mg/kg. IP). a m o n o a m m e  ox ldase  inh ib i to r  
One  h o u r  later ,  ra ts  were  Injected into the nuc leus  accum-  
b e n s  wi th  e i the r  sal ine or  the  su l fon lum ana log  (104 nmoles ) .  
and  the i r  l o c o m o t o r  ac t iv i ty  was  d e t e r m i n e d  (Fig 4) As  
s h o w n  prev ious ly ,  the  su l fon lum ana log  p roduced  an  in tense  
s t imula t ion  of  l o c o m o t o r  ac t iv i ty  of  a m m a l s  p re t r ea t ed  wi th  
n la lamlde  In con t ras t ,  the  su l fon lum ana log  was not  able  to 
s t imula te  l o c o m o t o r  ac t iv i ty  m an imals  p r e t r e a t e d  wi th  
sal ine ins t ead  of  n la lamlde  (Fig 4) In fact .  the  ac t iv i ty  of  
these  an imals  was  not  s ignif icant ly  d i f ferent  f rom tha t  of  ra ts  
p r e t r ea t ed  wi th  n la lamlde  and  in jec ted  wi th  sahne  into the  
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FIG 6 Effect of the direct injection of the sulfonlum analog or 
amphetamine into the stnatum on the circling behawor of rats prew- 
ously rejected w~th 6-hydroxydopamlne Rats were rejected with 
6-hydroxydopamme into the medial forebraln bundle Three to five 
weeks after rejection, the rats were rejected with either vehicle. 
amphetamine sulfate (104 nmoles) or the sulfomum analog (104 
nmoles) directly into the stnatum on the 6-OHDA lesmned side The 
number of turns were determined at 5 minute intervals at 15.30.45 
and 60 minutes For each rat the number of turns for each interval 
was added together Each value is the mean_+S E M for 4 observa- 
hons The turning of the sulfonlum analog group ,s slgmficantly 
greater than that of the saline group (p<O 025) The turmng of the 
amphetamine group is m~t significantly dlfterent from that of the 
sahne group 

nuc leus  a c c u m b e n s  Higher  doses  of  the  su l fomum analog  
(up to 416 nmoles )  also faded to s t imula te  l o c o m o t o r  ac t iv i ty  
in the  a b s e n c e  of  n la lamlde  p r e t r e a t m e n t  

LHe(t oJ c~-Meth31-p-?vrosme on the Smnulatton o! 
Lot omotot A( tt~ ttv lndtu ed by the lnltaat ( ttmbens 
Inlet tton o / the  SulJontum Analog 

Rats  were  re jec ted  wi th  e i t h e r  sal ine or  c~-methyl- 
p - t y r o s m e .  250 mg/kg.  IP Two  h o u r s  la ter ,  they  were  re- 
j e c t e d  wi th  n la l amlde ,  and  one  hou r  later ,  wi th  52 nmoles  
of  the  s u l f o n m m  ana log  into the  nuc l eus  a c c u m b e n s ,  and  
the i r  l o c o m o t o r  actw~ty r e c o r d e d  Figure  5 shows  tha t  
a - m e t h y l - p - t y r o s m e  p r e t r e a t m e n t  comple te ly  inhib i ted  the  
s t imula t ion  of  l o c o m o t o r  act ivi ty  induced  by the su l fomum 
analog  m n la l amlde -p re t r ea t ed  an imal s  

£He(t o / the  Inttastrtatal Administration o! the StI[JO/ltll/H 
Analog on Clt( ling Behm !or 17l Rats Pte~ touslv Lesioned 
With 6-Hvdro~vdopamme 

Rats .  p rev ious ly  in jec ted  into the  right medial  f o r eb ram 
bund le  wi th  6 - h y d r o x y d o p a m l n e .  were  in jected into the  right 
s tr ia!urn wi th  e i the r  vehic le ,  a m p h e t a m i n e  sulfate (104 
nmoles )  or  the  su l fomum analog  (104 nmoles)  In con t r a s t  to 
our  p rev ious  s tudy  [1]. none  of  the  an imals  were  p re t r ea ted  
wi th  n ia lamide  The  n u m b e r  of  comple t e  tu rns  made  by these  
an imals  were  coun t ed  at 5 minu te  in te rva ls  at 1 5 . 3 0 . 4 5 .  and 
60 minu te s  a f te r  in jec t ion The  total  n u m b e r  of  tu rns  for each  
animal  was  s u m m e d  As s h o w n  in Fig 6. ra ts  injected 
ln t ras t r la ta l ly  with  vehic le  tu rned  a total  of  3 5_+0 65 
(S E M ) t imes  A m p h e t a m i n e  p roduced  a small  increase  in 
c i rc l ing (11_+6). which  was  not  s ta t is t ical ly  s ignif icant  In 
c o n t r a s t  to a m p h e t a m i n e ,  the  su l fon lum ana log  p roduced  a 
m a r k e d  s t imula t ion  of  circl ing (181_+42). which  was statist i-  
cally s ignif icant  The  d i rec t ion  of  circl ing induced  by  the  
su l fon lum ana log  was a lways  to the  s~de which  was con-  
t ra la tera l  to the  str latal  in jec t ion 
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FIG 7 Effect of the mtraaccumbens admmtstrat~on of the sulfonmm 
analog and DA on the locomotor actlvlty of rats prewously lesioned 
in the nucleus accumbens with 6-hydroxydopamme Rats were re- 
jected bilaterally m the nucleus accumbens w~th e~ther 6- 
hydroxydopamlne (hatched bar) or vehicle Ten days after lnjecuon, 
the rats were rejected w~th amphetamme sulfate (I 5 mg/kg IP) and 
locomotor activity recorded Three day~ later, all rat~ were injected 
into the nucleus accumbens w~th e~ther DA ( 104 nmoles) or the sul- 
tonlum analog ( 104 nmoles) and locomotor acuvlty was recorded for 3 
hr Each bar ~s the mean+S E M of 4-6 ammals *p<0 05, **p<0 025 
***p<0 005 when compared to the vehicle-treated group 

L[/e~ t of  the lntraa~ ~ u m b e n  ~ A d m m t s t r a t t o n  o~ the 
S u l f o m u m  A n a l o g  on the Lo~ o m o t o r  A¢t tv t tv  o f  Rats  
Prev tous lv  L e s t o n e d  m the Nuc Idtts A~ ~ t tmbens Wtth 
6 -Hydro  r~ d o p a m m e  

Rats, prewously mjected into the nucleus accumbens 
w~th 6-hydroxydopamme or vehicle, were rejected w~th am- 
phetamine sulfate (1 5 mg/kg, IP) and locomotor activity was 
measured for 2 hours F~gure 7 shows that the amphetamine- 
Induced st~mulatlon of locomotor actw~ty was reduced by 
over 50% m the 6-hydroxydopamme treated rats 

Three days after the amphetamme mject~on, both 
6-hydroxydopamme and vehicle-treated rats were rejected 
into the nucleus accumbens w~th e~ther dopamme (104 
nmoles) or the sulfonlum analog (104 nmoles) of dopamme 
and locomotor actw~ty was recorded for 2 hours F~gure 7 
shows that both DA and the sulfonmm analog produced a 
marked st~mulatlon of locomotor actwity m the 6-hydroxy- 
dopamme-treated rats compared to the vehicle-treated 
controls 

D I S C U S S I O N  

In this study, a behavioral model was used to determine ff 
the sulfonmm analog of DA can actwate DA receptors m the 
nucleus accumbens The bilateral admtmstratmn of DA and 
DA agomsts into the nucleus accumbens has been shown 

previously to stimulate locomotor actwlty m rats pretreated 
with a monoamme oxldase mhlbltor [2, 5, 9] and this effect 
was blocked by DA receptor antagomsts In the present 
study we have found that the mtraaccumbens administration 
of the sulfomum analog of DA or DA into rats pretreated 
with the monoamme oxldase inhibitor, malamlde, produced 
an intense and prolonged stimulation of locomotor actlwty 
(Figs 1 and 2) The stimulation of  locomotor activity 
produced by the sulfomum analog was inhibited by the DA 
receptor antagomst, haloperldol (Ftg 3), suggestmg that this 
effect ~s caused by the activation of  DA receptors in the 
nucleus accumbens 

Since the sulfomum analog is not an amine, ~t ~s unhkely 
to be metabohzed by monoamme ox~dase Consequently, we 
studied the effect of the sulfonlum analog m ammals that 
were not pretreated w~th nlalamlde Surprisingly, the sul- 
fomum analog was unable to stimulate locomotor actlvxty in 
these rats even when extremely high doses were adminis- 
tered Th~s result ~s consistent with the concept that the 
stlmulat~on of locomotor activity by the sulfonlum analog ~s 
mediated indirectly through the release of endogenous DA, 
possibly from a vesicular store Alternatively, it is possible 
that the sulfonlum analog binds to monoamme oxldase, de- 
creasing its concentration at dopammerg~c receptor sites [3] 

To test the posslblhty that the hyperactw~ty produced by 
the sulfonmm analog in malamMe-treated rats ~s medmted by 
endogenous DA, rats were pretreated w~th a-methyl-  
p-tyrosme, a DA synthesis inhibitor, before the admin- 
istration of malamMe and the sulfonmm analog It was 
found that a-methyl-p-tyroslne markedly reduced the 
hypermotfl~ty response to the sulfonlum analog in 
malamMe-pretreated rats Th~s observation prowdes further 
evidence that the hypermotfl~ty response produced by the 
sulfonium analog m the presence of a monoamme ox~dase 
inhibitor is medmted by endogenous dopamme The sul- 
fomum analog could release DA from nerve terminals which 
would then stimulate locomotor actlvtty by actwatlng DA 
receptors This concept Js consistent with the recent obser- 
vation that the sulfomum analog can enhance the release of 
exogenously taken up SH-DA from a stnatal shce preparation 
[12] 

In previous studies m which rats were pretreated w~th a 
monoamme oxldase inhibitor, it was shown that after 
mtrastrmtal mject~on, the sulfonmm analog of DA, as well as 
DA, produced intense contraverswe c~rchng m rats prew- 
ously lesioned unilaterally with 6-hydroxydopamlne [1] This 
clrchng behavior was thought to be due to a direct action of 
both compounds on DA receptors that were made super- 
sensmve by the destruction of DA neurons with 
6-hydroxydopamme Since in these studies all rats were pre- 
treated with a monoamlne oxMase inhibitor before 
mtrastrmtal rejection, the clrchng response produced by the 
sulfonlum analog could have been medmted through the re- 
lease of DA from survwmg DA nerve terminals, the released 
DA being protected from metabohsm by monoamlne 
ox~dase Therefore, m the present study, rats, previously 
les~oned umlaterally with 6-OHDA, were not pretreated with 
a monoamme oxldase inhibitor before the rejection of drugs 
into the stnatum In addmon, the effects of the sulfonlum 
analog were compared w~th eqmmolar doses of am- 
phetamine, a prototype DA releasing agent Under these 
condmons, only the sulfomum analog produced slgmficant 
contraverslve clrchng (Fig 6), m fact, the clrchng produced 
by amphetamine was not s~gmficantly d~fferent from that 
produced by sahne These results suggest that the intense 
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c l rchng  p r o d u c e d  by  the  in jec t ion  of  the  su l fon lum analog  
into the  s t n a t u m  ~s not  due  to the  re lease  o f  e n d o g e n o u s  DA 
but  is c a u s e d  by  d i rec t  ac t ion  of  the  su l fon ium ana log  on  
s t r ta ta l  dopamInerg lc  r ecep to r s  tha t  were  made  supersens i -  
t ive  by t r e a t m e n t  wi th  6 - h y d r o x y d o p a m l n e  

To d e t e r m m e  w h e t h e r  the  su l fon ium analog  of  D A  can  
ac t iva te  supe r sens i t i ve  DA recep to r s  in the  nuc leus  accum-  
bens ,  ra ts  were  in jec ted  into the  nuc leus  a c c u m b e n s  with 
6 - h y d r o x y d o p a m m e  or  vehic le  and  the  effects  of  drugs  on  
l o c o m o t o r  ac t iv i ty  were  t e s t ed  T he  r e s p o n s e  of  the  
6 - h y d r o x y d o p a m m e - t r e a t e d  rats  to a m p h e t a m i n e  was re- 
duced  by  o v e r  50%, which  is c o n s i s t e n t  wi th  a r educ t ion  in 
the  a m o u n t  of  re leased  D A  due  to a loss o f  dopamlne rg l c  
n e r v e  t e r m m a l s  in the  nuc leus  a c c u m b e n s  In con t ras t ,  the  
l o c o m o t o r  ac t iv i ty  o f  the  6 - h y d r o x y d o p a m l n e - t r e a t e d  ra ts  
was  marked ly  s t imula ted  by  DA and  the  su l fon lum analog  of  
D A  T h e s e  resu l t s  sugges t  tha t  the  su l fon lum ana log  of  
d o p a m l n e  can  d i rec t ly  ac t iva te  dopamlnerg lc  r ecep to r s  in the  
nuc l eus  a c c u m b e n s  tha t  h a v e  b e c o m e  supe r sens i t i ve  af te r  
6 - h y d r o x y d o p a m l n e  a d m l m s t r a t l o n  

One  poss ib le  i n t e rp re t a t i on  of  these  o b s e r v a t i o n s  is tha t  

the  su l fon ium ana log  can only  ac t iva te  DA recep to r s  tha t  
have  b e c o m e  supe r sens i t i ve  as a resul t  of  dene rva t ion  [4, 6, 
8] H o w e v e r ,  our  r ecen t  in-vi t ro  s tudies  on  the effect  of  the  
su l fon ium analog  on  the  DA recep to r s  in the s t r ia tum that  
regula te  ace ty lcho l lne  re lease  do not  suppor t  this  c o n c e p t  
[12] These  s tudies  show tha t  the su l fonlum analog can  in- 
hibi t  the  depo la r iza t ion  reduced  re lease  of  ~H-acetylchol lne 
f rom str latal  sl ices dep le ted  of  DA w~th bo th  reserp ine  and 
c~-methyl-p-tyroslne [12] In con t ras t ,  a m p h e t a m i n e  was un- 
able  to lnh~blt 3H-ace ty lchohne  re lease  unde r  these  condi-  
t ions  There fo re ,  ~t appea r s  tha t  at least  in th~s p repa ra t ion  
the  ana log  can direct ly  ac t iva te  s t r la tal  DA recep to r s ,  which  
have  not  b e c o m e  s u p e r s e n s l h v e  as a resul t  of  6-hydroxy-  
d o p a m m e  p r e t r e a t m e n t  

The  resul t s  of  this  s tudy  show tha t  the p e r m a n e n t l y  
cha rged  su l fon lum analog  of  DA can  exer t  bo th  d i rec t  as well 
as redi rec t  DA agonis t  ac t iv i ty  m the nuc leus  a c c u m b e n s  
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