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SVENSS()N. I.. AN D S. A HI.ENI US. S,pprc.s Won ,,f cxplor<ttory lot ,,m,,tor activity by the I~,cal applicati,,n ,,f thqmminc 
,,r I-n,,',dretm/im. t ,  the IIIIC/CII~ tlt(llDlht'llS ill [/IC Fill. PHARMACOI.. BIOCHEM BEHAV 19(4) 693-699, 1983.--Adult 
male Sprague-Dav, ley rats were administered dopamine [DA) or/-mwadrenaline (/-NA) locally into the nucleus accumbens 
or in the neostriatum. Six minutes follov.ing the injections the animals were placed in an open field arena 1700×700 mmJ and 
their locomotor activity was recorded every 3 rain for maximally 60 rain. In the nucleus accumbens both DA (10-160 
p.g/side) and /-NA ~2.5-40 btg/side) produced a suppression of the initial (0-3 rain) exploratory locomotor activity in the 
open field arena. The highcst doses of the respective drug. 8(b 160 p.g of DA and 20-40 p.g of/-NA, produced stimulation of 
the locomotor activity at a later time interval ~6-9 rain). The number of rearings during the initial exploration 11)-3 rain) wan 
suppressed by DA [ 10--160 izg/side) as well as by/-NA t2.5-40 p.g/side). When administered to the neostriatum. DA (81)-160 
p.g/side) produced a stimulation of locomotor activity. 6-9 rain alter placement in the open field. The administration of/-NA 
(20-80 tzg/side) to the neostriatum produced a suppression of the exploratory locomotor activity 10-6 rain). The number of 
rcarings were reduced by the administration of/-NA (20-80 pg/side) whereas no significant effect was observed after the 
administration of DA (5-160 #g:side). As assessed in the present experiments DA and/-N A produced identical effects in the 
nucleus accumbens. /-NA being about 4 times as potent as DA. whereas opposite effects were produced by/-NA and DA 
,a, hen applied to the neostriatum. 

Dopamine Noradrenalinc ()pen field Nucleus accumbens Neostriatum Rat 

T H E  I , ( )CAI ,  app l ica t ion  o f d o p a m i n e  (DA) into the nuc leus  
a c c u m b e n s  p roduces  hype rac t iv i ty  in rats p r e t r ea t ed  with 
n ia lamidc  [7,271 or  n ia lamide  and rese rp ine  116]. 
/ - N o r a d r e n a l i n e  ( / -NA) is m u c h  less  e f fec t ive  in 
this  regard  and  the e f fec ts  appea r ,  at least  par t ia l ly ,  to 
be media ted  via nuc leus  a c c u m b e n s  DA 18.261 a l though  ef- 
fects  ob ta ined  in r e se rp ine - t r ea t ed  an imals  indica te  some di- 
rect ef fects  b y l - N A  in this  s t ruc tu re  [161. When  I)A is locally 
appl ied into the nuc leus  a c c u m b e n s  of  normal  ra ts  there  is 
also an increase  in l o c o m o t o r  ac t iv i ty ,  a l though  o f  sho r t e r  
dura t ion  125]. In addi t ion ,  when  obse rv ing  the an imals  dur ing  
the initial exp lo ra t ive  phase  in a new e n v i r o n m e n t ,  it is 
poss ib le  to o b s e r v e  a d e c r e a s e  in the l o c o m o t o r  ac t iv i ty  by 
low doses  of  DA 1361. Thus ,  the d o s e - r e s p o n s e  cu rve  ob- 
ta ined af ter  i n t r a - a c c u m b e n s  in ject ions  o f  I)A is s imilar  to 
the  cu rve  ob ta ined  a l t e r  sys temic  admin i s t r a t i on  o f l , - D O P A  
or o t h e r  drugs  resul t ing  in ac t iva t ion  of  cen t ra l  DA recep to r s  
[291 indicat ing a preferen t ia l  ac t ion  at a u t o r e c e p t o r s  at low, 
doses  and  a preferent ia l  pos t synap t i c  ac t iva t ion  at h igher  
doses  1311. 

U n e x p e c t e d l y  we recen t ly  found that  when  o b s e r v e d  dur-  

ing the initial exp lo ra to ry  p h a s e , / - N A  p roduced  efl 'ects very 
s imilar  to the  effects  p roduced  by I)A when  appl ied to the 
nuc leus  a c c u m b e n s  in normal  rats.  F u r t h e r m o r e , / - N A  was 
abou t  4 t imes  as po ten t  as DA in inducing  d e p r e s s i o n  and  
s t imula t ion  of" l o c o m o t o r  act ivi ty  respec t ive ly  [32,33]. We 
now give a full a ccoun t  of  these  expe r imen t s .  In addi t ion ,  
we have  inves t iga ted  the effects  of  DA a n d / - N A  in the neo-  
s t r ia tum.  We have  fol lowed the effects  dur ing  hab i tua t ion  to 
an open  field and  in o rde r  to improve  the  analys is  of  drug-  
induced  behav iora l  change  we have  recorded  act ivi ty in the  
pe r iphery  and  in the c e n t e r  of  the a r ena  separa te ly  and  also 
r ecorded  the n u m b e r  of  rear ings.  

METHOD 

Animals 

Adult  male  Sprague -Dawley  rats  (Ant i c imex ,  So l len tuna ,  
Sweden )  were  used.  The  an imal s  were  ma in ta ined  unde r  
cond i t ions  o f  c o n s t a n t  dark- l ight  cycle  (dark 11 a . m . - I I  
p .m.) ,  t e m p e r a t u r e  and  re la t ive  humid i ty  with food and  
wa te r  ava i lab le  at all t imes.  

693 



694 S V E N S S O N  A N D  A H L E N I U S  

El0  
L> 

.~ 5' 

"6O 

"3 6 ~J 1'2 1'5 1'8 2'1 2'4 2'7 3'0 
min 

FIG. I. Locomotor activity of the saline-treated controls used in the 
experiments. The animals were placed in the open field arena six 
minutes following completion of the saline intracerebral injections. 
Shown arc the means of 30 animals injected into the nucleus accum- 
hens (18) or in the neostriatum (12). The data were subjected to a 
two-way ANOVA. No difference was found in activity between 
animals injected in the nucleus accumbens or in the neostriatum: 
F(1,281=0.25, n.s. The decrease in activity over time was statisti- 
cally significant: F(9,252)=29.16, p<0.001. Individual comparisons 
showed that the drop in activity between the 0-3 and 3-6 min and 
between the 3-6 and 6-9 rain intervals were statistically significant 
(t =9.34.p<0.001; t=2.82.p<O.O1, respectively: t-test for correlated 
samples). No further statistically significant differences were found 
between successive 3 rain intervals. 

Drugs 

Dopamine -HCI  (Sigma,  St. Louis ,  MI),  /-nor-  
ad rena l ine .HCI  (Fluka ,  Buchs ,  Swi tze r land) ,  d-nor-  
ad rena l ine .HCI  (p repa red  at the D e p a r t m e n t  of  Phar-  
maco logy ,  Unive r s i ty  of  G o t e b o r g  by Dr. T o r  M a g n u s s o n  
f rom d - n o r a d r e n a l i n e  b i ta r t ra te .  A d a m s  Chemica l  Co. ,  
Round  Lake ,  ILL All d rugs  were d i sso lved  in 0.9% saline.  
The  doses  refer  to the fo rms  indica ted  above .  

Surgery and lntra('erbral it~jt'ctionx 

One week  upon  ar r iva l  f rom the  b reeder ,  at a weight  of  
260-300 g, the  an imals  were  deeply  a n a e s t h e t i z e d  
(Mebumalr~L 60 mg/kg IPI and  m oun t ed  in a s t e reo tax ic  in- 
s t r umen t .  Holes  were  dri l led and guide cannu lae  ( internal  
d i a m e t e r  0.45 mm) were  p laced bi la teral ly  on  the skull and 
p e r m a n e n t l y  fixed by m e a n s  of  acryl ic  denta l  c emen t .  The  
guide cannu lae  were  p laced 1.2 m m  from the midl ine  and 2.3 
mm in front  of  the  b r e g m a  for  in jec t ions  into the nuc leus  
a c c u m b e n s  and  2.4 mm from the midl ine and  1.3 mm in front  
of  the b regma  for  in ject ions  into the neos t r i a tum.  The  tip of  
the  guide cannu lae  r eached  the level of  the dura  mater .  

T w e n t y - f o u r  to 30 hr  af ter  the opera t ion  in t r ace rebra l  in- 
j e c t i ons  were  made  th rough  the  guide cannu lae  by m e a n s  o f  
in ject ion cannu lae  l in ternal  d i amete r :  0 .20-0.25 ram). The  in- 
j ec t ion  cannu lae  were  lowered  to a level 6.8 mm below the 
dura  ma te r  for in ject ions  into the nuc leus  a c c u m b e n s  and 4.4 
mm be low the  dura  m a t e r  lk)r in ject ions  into the  neos t r i a tum.  
The  coo rd ina t e s  were  der ived  f rom the  at las  by K6nig and 
Klippe11201. The  inject ion cannu lae  were  a t t ached  to Hamil-  
ton 5 /.tl syr inges  (No. 75N). The  dep th  of  pene t r a t ion  was 
con t ro l l ed  by means  of  a s topper  on the in ject ion cannulae .  
The  inject ion vo lume  was held c o n s t a n t  at 1 ~1, in jected for 
10 sec,  and  the in ject ion cannu lae  were  kept  in place for 60 
sec before  being re t rac ted .  The  bi lateral  in ject ions  were  
made  in ser ies  with a 90 sec pause  b e t w e e n  inject ions .  The  
an imal s  did not s truggle or  showed  o the r  signs of  d i scomfor t  
dur ing  in ject ions .  

5 lag 

. 

,.- 0 
. - -  

E 
10- 

>,, 
> 

"~ 5 

o 
0 

10- 

5- 

0 

10- lO.ug 

i ! i i 1 i 

~ , ~  40~Jg 

! ! i 

" N ,  80 ~Jg 

% 

I I " - - " 1  

min 

• - - - - - -~  DA -- : Saline 

FIG. 2. Effects of bilateral application of dopamine (I)A). 5-160 
~g/side. into the nucleus accumbens on locomotor activity of the rat. 
The animals were given DA 6 rain before being placed in the open 
field arena as described in the Method section. Shown are the means 
of 4--6 animals/dose of DA and the means of the same 18 saline 
injected controls included in each graph for comparison. The 
mean+S.I),  of these animals at the three time intervals was 
I 1.1 _+ I.I, 5.2+2.9 and 4.1.-~ 3.4 respectively. Statistical comparison 
with saline treated controls at the respective dose and time interval: 
• p<0.05. **p<0.01. ***p<O.(X)l, all other comparisons n.s. 

Open Field Oh,~ervationx 

Six rain af te r  comple t ion  of  the  in ject ion p rocedure ,  the 
an imals  were  p laced in a dark .  square ,  open field a r e n a  
equ ipped  with two rows of  hor izonta l ly  p laced inffalight 
sens i t ive  photoce l l s  at right angles (8 plus 8 photocel ls) .  
Photocel l s  arc p laced 100 mm apart  excep t  tha t  the last cell 
in each  row is placed 25 mm from the co rne r  and 75 mm from 
the  next  photoce l l  in the same row. The a r ena  measu res  
700x  700 ram. 

Hor izon ta l  and  vert ical  act ivi ty  was r ecorded  eve ry  3 rain 
for maximal ly  60 rain by means  o f  a digital p r in te r  (Newpor t ,  
digital pr inter .  MSI0),  c o n n e c t e d  to a buffer  m e m o r y  ac- 
cumula t ing  photocel l  beam in te r rup t ions .  In addi t ion  to the 
total  act ivi ty  coun t s ,  separa te  coun t s  were  ob ta ined  for the 
per iphera l  act ivi ty (within 25 mm from the  wall). 

Hi.stolox, y 

After comple t ion  of the act ivi ty  m e a s u r e m e n t s  the  
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FIG. 3. I.itlects of bilateral application of dopamine (DA) or 
I-noradrenalinc II-NA) into the nucleus accumbens or the neo- 
striatum on rearing of the rat. The animals were given DA or I-NA 6 
min before rearing was recorded (I)-3 rain). Shown arc the means of 
4-11) animals/experimental group expressed as percent of 18 (nu- 
cleus accumbcns) and 12 Incostriatum) saline injected controls 
(2.4_,0.9 and 6.3_'2.7 respectively). Statistical comparisons with 
saline treated controls as i\~lhw, s. Nucleu.', accumbens DA: 2.%10 
,ag. side n.s., 11)-160 /zg.side all comparisons p, l).t)0l; /-NA: 1.25 
p.g/sidc n.s.. 2.5-81) #g/side all comparisons p<0.(X)l. Neostriatum 
/-NA: 10 #g/side p<O.05. 21)-'8(I #g/side all comparisons I,<0.001. 

an imals  were  decap i t a t ed  and the  brain  was r c m o v e d  and 
s tored  in I(~/c formal in  for at least 10 days.  ] ' h e  formalin-  
t r ea ted  bra ins  were  f rozen and cut at 50 ,am on a mic re tome .  
The  sec t ions  were  m o u n t e d  on glass sl ides for inspec t ion  
u n d e r  mic roscope .  Only those  an imals ,  in which  the injec- 
t ion cannu lae  t racks  could be fol lowed to the nuc leus  ac- 
c u m b e n s  or the neos t r i a tum.  ,.,,ere accep ted  in the analys is  of  
the results .  

I:.rpcrimcnlal I)u.~i.~,n and Slati.wical Anal.v.si,~ 

In the first series of  experiments 0.9c/~ saline, different  
doscs  of  DA-HCI.  / -NA.HCI  or  d - N A . H C I  wcrc locally 
appl ied in the nuc leus  a c c u m b c n s  in different  g roups  of  
an imals .  These  e x p e r i m e n t s  (Fig. 2 . 4  and 5) have  the same 
saline injected cont ro l  group.  At least one saline injected 
animal  was run toge the r  with one  or  more  drug t rea ted  
an imals  on  any g iven  day.  Similari ly.  in the  fol lowing exper-  
iments  where  an imal s  wcrc  given different  doses  of  I )A.HCI 
or  / - N A . H ( ' I  in the neos t r i a tum,  a c o m m o n  contro l  g roup  
was run in parallel  (Fig. 6 and 7). It was found that  sal ine 
t rea ted  con t ro l s  hab i tua t e  at a fast ra te  within 9 min o f  expo-  
sure  to the open  field a rea  (Fig. I). Thus  this  t ime interval  
v, as used in the analys is  of  d rug- induccd  changes  in the nor- 
real pa t t e rn  of  locomot ion .  In o rde r  to eva lua te  possible  
d rug- induced  effects  on hab i tua t ion  a l inear  t rend analys is  
was carr icd out  137]. The  effects  of  DA.HCI ,  / -NA.HCI  or  
d - N A . H C I  on locomot ion  and rear ing in the nuc leus  accum-  
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FIG. 4. Effects of bilateral application of l-noradrenaline (I-NA), 
1.25-40 ,u,g/side. into the nucleus accumbens on locomotor activity 
of the rat. Time of injections as in Fig. 2. Shown are the means of 5 
animals/dose o f l - N A  and the same 18 saline treated controls in- 
cluded in each graph for comparison. Statistical comparisons with 
saline trealed conlrols  at the respect ive dose and lime interval: 
:~:p-0.05. *:~:~p" O.00l. all other comparisons n.s. 

hens  expe r imen t ,  and  the  effects  of  DA.HCI o r / - N A . H C 1  on 
the same var iab les  in the neost r ia ta l  e x p e r i m e n t ,  were eval-  
uated separa te ly  by means  of  a one -way  A N ( ) V A  followed 
by t- test  [37]. The  l ocomoto r  act ivi ty  or  rear ing  scores  were  
sub jec ted  to a square  root  t r ans fo rma t ion  prior  to s tat is t ical  
evah,  at ion,  p > 0 . 0 5  was cons ide red  as not significant  (n.s.) .  

RESULTS 

:\'tah'H,s AcctmH~c;t,s 

EtfecL~ of dopamine II)A). Initially (0-3 rain) the h)cal 
bilateral application of I)A into the nucleus accumbens, 
10-160 p.g/side, produced a statistically significant depres- 
sion of the locomotor activity in comparison with saline in- 
.letted cont ro l s .  F(6 .44)=33.36.  MS,.,.~,,~=2.25. p<0 .001  (Fig. 
2). At the highest  doses  of  I)A. 80 and  160 ,ag/side there  was 
a s ta t is t ical ly  s ignif icant  increase  in the l o c o m o t o r  act ivi ty at 
a la ter  t ime interval .  F(6 .44)=3.34.  MS,.m,~=9.68. p < 0 . 0 1  
(6-9 min). The re  were  no s tat is t ical ly  s ignif icant  changes  3-6 
min.  F(6 .44)=0.88.  MS,.,.,,~=6.76. n.s . .  or in per iphera l / to ta l  
act ivi ty .  Con t inued  o b s e r v a t i o n s  indica ted  that  the dura t ion  
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FIG. 5. Effects of bilateral application of d-noradrenalinc (d-NA). 
2.5-20 #g/side, into the nucleus accumbens on locomotor activity of 
the rat. Time of injections as in Fig. 2. Shown are the means of 5 
animals/dose of d-NA and the same 18 saline treated controls in- 
cluded in each graph for comparison (of.. Fig. 2). Statistical corn- 
paris(ms with saline treated controls at the respective dose (0-3 
mini. ***p-0.001, all other comparisons n.s. 

o f  the inc rease  in locomot ion  was at least  45 min.  Except  for 
the  lower  doses  of  DA,  5 and I0 #g /s ide .  there  was no indi- 
ca t ion  of  hab i tua t ion  in the  DA-in jec ted  animals .  The  
n u m b e r  of  rear ings  was s ta t is t ical ly  s ignif icant ly  supp re s sed  
by the  in ject ion of  DA, 10-160 #g/s ide ,  F(7 ,47)= 13.66, MS,,~. 
.... =0.59,  p<0 .001  (Fig. 3). All drug- in jec ted  animals .  
w h e t h e r  seda ted  or  s t imula ted ,  d i sp layed  normal  coordi-  
na ted  m o v e m e n t s .  Visual  inspec t ion  o f  some an imals  
s h o w e d  that  the  s t imula t ion  of  l o c o m o t o r  act ivi ty  caused  by 
the  h ighes t  doses  of  DA was cha rac t e r i zed  by a s t c ro lyped  
forced  locomot ion  as also indica ted  by a fai lure to hab i tua te  
and  a loss of  rear ings .  

Effects q f  I-noradrenaline (I-NA ). The local,  bi lateral  ap- 
pl icat ion o f / - N A ,  2 .5-40 #g /s ide .  p roduced  a s ta t is t ical ly  
s ignif icant  supp re s s i on  of  the l o c o m o t o r  act ivi ty  dur ing  the 
first 3 rain of  the  test  in c o m p a r i s o n  with sal ine con t ro l s .  
F(6 ,41)= 17.13, MS....~,,~=2.69. p<0.(X)l  (Fig. 4). At the la ter  
t ime interval  (6-9 rain) the admin i s t r a t ion  of  h igher  doses ,  20 
and 40 #g /s ide ,  resul ted  in a s ta t is t ical ly  s ignif icant  s t imula-  
t ion of  the  l o c o m o t o r  ac t iv i ty ,  F(6 ,41)=2 .65 ,  MS,.~., =6.92.  
p <0 .05 .  T h e r e  were  no s ta t is t ical ly  s ignif icant  changes  at 3-6  
min,  F(6 ,41)=2 .58 ,  MS,,r,.~=6.60. n.s.  T he  dura t ion  of  the 
s t imula t ion  was less than  30 rain at bo th  doses .  

An addi t ional  g roup  of  an imals  was g iven  80 #g/s ide  of  
/ -NA and the effects  were  s imilar  to those  ob ta ined  by 20 and 
40 #g/s ide :  6.4, 6.4 and  6.5 k / - x - c o u n t s / m i n  at 0-3,  3-6  and 
6 -9  rain respec t ive ly .  The  dura t ion  of  the  s t imula t ion  in- 
duced  by this  dose  was at least  30 rain. At lower  doses  there  
appea red  to be some  hab i tua t ion ,  h o w e v e r ,  the re  were  no 
signs of  hab i tua t ion  in an imals  g iven  1(~80 #g/s ide  o f / - N A .  
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FIG. 6. Effects of bilateral application of dopamine (I)A), 5-160 
#g-side, into the neostriatum on locomotor activity of the rat. l 'ime 
of injections as in Fig. 2. Shown arc the means of 5-10 animals/dose 
of DA and the same 12 saline treated controls included in each graph 
l\~r comparison. The mean _+ S.l). of these animals at the three time 
intervals was 10.0~ 1.6, 5.5_+2.7 and 3.2 " 3.2 respectively. Statisti- 
cal comparisons with saline treated controls at the respective dose 
(6-9 min): *p<:0.05, **p<0.01, all other comparisons n.s. 

The  n u m b e r  of  rcar ings  was s tat is t ical ly s ignif icant ly sup- 
pressed  b y / - N A  in doses  of  2 .5-80  #g/s ide .  F(7,43)= 13.42, 
MS ....... =0,55.  p~:0.001 (Fig. 3). The re  were  no major  
changes  in per iphera l / to ta l  act ivi ty at any dose  or t ime inter- 
val. 

Thus .  an m e a s u r e d  unde r  the  present  cond i t ions  there  
were  no qual i ta t ive  d i f fe rences  in the pa t te rn  of  m o v e m e n t s  
in an imals  given / -NA as c o m p a r e d  to an imals  given DA. 
Howeve r .  an imals  given the highest  doses  (20-80 #g/s ide)  of  
/ -NA disp layed  a charac te r i s t i c  lbrced  respi ra t ion  and occa-  
sional sc reams .  

I~lbct.~ q /  d-m.' .drcnalim" I d- N A ~. C o m p a r e d  to cont ro l s .  
there  was a slight but cons i s t en t ,  s ta t is t ical ly  s ignif icant .  
supp re s s ion  of  the l ocomoto r  act ivi ty by the admin i s t r a t ion  
o f d - N A .  5-20 #g/s ide .  dur ing  the first 3 min of  obse rva t ion .  
F(4 .33)= 13.52. MS,,~,..,: 1.27. p < 0 . 0 0 1 .  (Fig. 5). No o the r  
s ta t is t ical ly  significant  effects  were  ob ta ined  by the doses  
tes ted  (2.5-20 #g/s ide) .  3-6 rain: F(4.33):-1.73.  MS .... 
.... - 6 . 4 7 .  n.s .  6 -9  rain: F(4.33)- 1.14. MS,. , . . .=7.31. n.s. 
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FIG, 7. Effects of bilateral application of/-noradrenaline (/-NA), 
HI-g0 ,ug/side. into the neostriatum on locomotor activity of the rat. 
Time of injections as in Fig. 2. Shown are the means of 4-6 
animals/dose of / -NA and the same 12 saline treated controls in- 
cluded in each graph for comparison (of.. Fig. 6). Statistical com- 
parisons with slaine treated ctmtrols at the respective dose and time 
interval. */~-:0.05. ***p< 0.(X)l. all other comparisons n.s. 
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I~ti'¢'l.s ~{l¢lt,I;tl;tlillt' iDA). The only effect on locomotor  
act ivi ty by the administrat ion of  DA bilaterally into the 
dorso-rostral  part of  the neostr iatum was it statistically sig- 
nificanl stimulation at the highest doses (g0 and 160/xg/side) 
during the last t ime interval (6-9 rain) in compar ison  with the 
per formance  of  saline injected controls .  (>3 min: 
F,(6.44)=0.67. MS,.,,,,,=5.97. n.s..  3-6 rain: F'(6.44)=1.27. 
MS, ..... =9.85. n.s..  6-9 min: F(6.44)=3.75 MS,.r,.,,,=9.46. 
p. 0.01 (Fig. 6). There  were no statistically significant effects  
on the number  of  rearings at any dose of  DA (5-160/.,g/side). 
F,(g.52)=0.7g. MS,,.,,,,=9.7g. n.s. (F`ig. 3). The animals dis- 
played normal coordinated movemen t s  and there was no 
comple te  disruption of  habituation by the doses  causing lo- 
comoto r  stimulation 180 and 161)/,g/side). The durat ion of  the 
effect `aas less than 30 rain. 

I-l.t~'ct~ of I-m,'ad,cmdinc (I-,\.A j. ] h e  bilateral adminis- 
tration of  / -NA.  10-80 /xg/side. into the neostr iatum 
produced it very marked and statistically significant sup- 
pression of  the locomotor  act ivi ty.  0-3 rain: F(4.26)= 14.53. 
MS,, , , , , -4.65.  p<0.001 .  3-6 min: F(4.26)=4.25. MS,., 
,.,,, =5 .75 .p<( ) . ( )1 .6 -9  rain: [:(4.26)= 1.37. MS,.,.,.,,,.= 7.15. n.s..  
(Fig. 7) and the number  of  rearings. F'(4.26)=lS.3g, 
MS,.,.~,,r - 3.88. p< 0.001 (Fig. 3). No stimulation 
was obtained by the doses  used within 9 min or  later (30 
min). When moving,  the animals displayed normal coordi- 
nated movements .  Although less marked than after injec- 
lions into the nucleus accumbens ,  there were similar signs of  
discomfort  (of.. above)  in animals given 40-80 p.g/side of  
/ -NA.  An additional group of  animals was given 160/ ,~s ide .  

The effects were similar to those seen after 80/ ,g/s ide and no 
locomotor  st imulation was obtained.  One of  the 4 animals 
given the highest dose died in seizures.  

DISCUSSION 

The most conspicous  effect of  DA locally applied into the 
nucleus accumbens  (10--160/xg/sidel of  normal rats is a sup- 
pression of  the initial (0--3 min) intense explora tory  activity 
in the open field. In addition, the highest doses  (80 and 160 
/xg/sidel also produced a stimulation of  the locomotor  activ- 
ity at later time intervals.  However ,  Pijnenburg ct al. 1251. 
using habituated rats. reported an increase in locomotor  ac- 
tivity upon administrat ion of  low doses of  I)A in the nucleus 
accumbens  and the exper iments  by Wachtel  e t a / .  [361 2.5-10 
/xg of  I)A ,acre found to stimulate locomotor  activity 6-9 rain 
but no 0-3 rain after placement  of  the animals in the activity 
arena. These  findings suggests the possibility that the effects 
of  DA. locally applied to the nucleus acct, mbens,  could be 
dependent  on the initial level of  locomotor  activity (e.g.. 
[30]). We have investigated this possibility in a separate ex- 
periment .  Under  the present exper imental  condit ions,  how- 
ever .  we found no ev idence  for an increase in activity in 
habituated rats by a low dose of  DA (20 #g/side)  into the 
nucleus accumbens .  During the initial 3 min in the open field 
arena,  the naive animals displayed an act iv i ty  of 10.0 \ / ~ -  
counts/rain and habituated animals 2.0 \ / x - c o u n t s / m i n .  Fol- 
lowing the ](.)call application of  20 p.g of  I)A into the nucleus 
accumbens  both muve and habituated animals decreased 
their locomotor  activity (5.g and 0.9 V .-x-counts/rain respec- 
tively) and the effect produced by this dose of  DA in naive 
animals is statistically significantly different from the effect 
produced in habituated animals (p~ 0.01). Thus we found no 
ev idence  for an increase in the locomotor  act ivi ty  after the 
application of  I)A at low doses in habituated rats. 

The sedation produced by DA is most likely due to a 
preferential  action ill dopaminergic  autoreceptors .  In sup- 
port of  this it hats been shown that systemic administrat ion of  
the DA receptor  agonist apomorphine  [4.9] produces  a sup- 
pression of  locomotor  activity in mice concomitant  with at 
decrease  in brain I)A synthesis  131]. The ability of  apomor-  
phine to reduce DA synthesis  and release is in all probability 
due to an agonist action at I)A autoreceptors  in the terminal 
area 112.1g]. Fur thermore .  a direct application of  
apomorphine  to the nucleus accumbens  in the rat produces 
sedation 135]. Ho`a.ever. there is ev idence  that. in the rat. 
nucleus accumbens  efferents are inhibitory with respect to 
locomotor  activity [13. 17. 22. 23. 38] and it hits been re- 
ported that a lesion in the ventral tegmentum,  containing the 
AI0  I)A cell area innervating i.a., the nucleus accumbens ,  
produces  hyperact ivi ty in rats [ 15.21.28.34] .  Thus there is a 
possibility that also the postsynapt ic  effects of  DA after local 
application to the nucleus accumbens  may contr ibute  to the 
suppression of  locomotor  activity in the rat. 

Under  the present exper imental  condit ions there was it 
striking similarity in the effects produced by DA a n d / - N A  
when applied to the nucleus accumbens .  Both catechola-  
mines produced a suppression o f  locomotor  activity followed 
by an increase in activity and a decrease  in the number  of  
rearings. There  were no measurable  differences in efficacy 
b u t / - N A  was about four times as potent as DA in producing 
the effects. The pattern of  activity within the open field arena 
(time spent at the wall vs. time spent in the center)  was 
similar and not statistically different be tween the experi-  
mental groups and in compar ison with controls  (data not 
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shown). Thus using the different observat ions  obtained,  in- 
cluding pattern of  within-session habituation,  horizontal  lo- 
comoto r  act ivi ty,  vertical  activity (rearing} and pattern of  
activity within the open field arena,  the two t reatments  were  
quali tat ively indistinguishable from each other.  

In previous  exper iments  it has been shown,  using 
nialamide-pretreated rats. that the hyperactivity produced by 
/ -NA in the nucleus accumbens  is blocked by the DA- 
receptor  blocking agents haloperidol  or  f luphenazine 111 
indicating actions of  the adminis tered I-N A via dopaminergic  
mechanisms  [8,261. It is not likely however ,  that the effects 
o f / - N A  in the present exper iments  are mediated indirectly 
s i n c e / - N A  was more potent  than DA. Results  from the ex- 
per iments  w h e r e / - N A  and DA were applied locally into the 
neostr ia tum are also of  interest  in this regard. In this experi-  
ment  both I - N A  and DA produced statistically significant but 
opposi te  effects on the locomotor  activity.  There  were some 
effects also after the administrat ion of  d - N A  to the nucleus 
accumbens ,  although less marked in compar ison  with the 
effects produced b y / - N A  or DA. According to Jackson (,t a/. 
[16] these effects may be mediated via a st imulation of  I)A 
receptors  by d -NA.  H o w e v e r  since both DA and / -NA 
produced essential ly the same effects after application to the 
nucleus accumbens ,  results from the present exper iments  do 
not allow such a compar ison.  

In contrast  to the effects  obtained by the local application 
of  DA a n d / - N A  into the nucleus accumbens  there were  im- 
portant  differences in the responses  obtained by the two 
t reatments  in the neostr ia tum. I - N A  produced a suppression 
of  the locomotor  activity at doses  of  2(~80/xg/side whereas  
no suppression of  act ivi ty was tbund after DA in doses  up to 
160 p.g/side. The only effect produced by DA was a stimula- 
tion of  the locomotor  act ivi ty at higher doses  (80-160 
~g/sidc).  No stimulation of  act ivi ty  was seen after any of  the 
doses  o f / - N A  used. Fur thermore ,  the number  of  rearings 
were markedly reduced b y / - N A  (20--80/xg/side) whereas  no 
significant effects  were  obtained by DA at any dose (5-160 
/xg/side). 

There  is ev idence  that the nucleus accumbens  is of  great 
importance in the mediat ion of  locomotor  act ivi ty and plays 
a minor  role for the occur rence  of  s te reotyped behavior  after 
administrat ion of  dopaminergic  agonists systemical ly or  lo- 
cally, whereas  the opposi te  is true for the neostr ia tum 16. 10, 
14, 16, 19, 27]. This dist inction is supported in the present 
exper iments  insofar as DA produced a suppression of  loco- 
motor  act ivi ty in the accumbens  but not in the neostr iatum. 
Howeve r ,  high doses  of  DA produced a stimulation of  activ- 
ity to the same degree  in ei ther  structure.  

The failure to find any marked effects of  NA in some of 
the previous studies may be due to the concomitant  use of  

reserpine and/or  nialamide [7, 16, 27]. In fact the (~-receptor 
stimulating agent clonidine [21 does not reverse  reserpine- 
induced suppression of  locomotor  activity. However ,  when 
given in combinat ion with apomorphine ,  there is a further 
st imulation of  act ivi ty indicating the importance of  
dopaminergic  mechanisms in ch)nidine-induced stimulation 
of  locomotor  activity [5]. There  is also biochemical  ev idence  
for interactions be tween NA and DA neurons (c.g.. [3,24]) 
and it is possible that effects produced by NA depend on an 
intact dopaminergic  neurotransmission.  Fur thermore .  the 
potentiat ion of  DA or NA effects by the use of  MAO in- 
hibitors may have prevented  the observat ion of  the locomo- 
tor suppression seen in the present exper iments .  

As part of  the limbic system thc nucleus accumbens  is 
supposed to be involved in the mediation of  emotional  be- 
havior.  It is of  interest to note that an elevat ion of  nucleus 
accumbens NA (as well as in other  limbic forebrain areas) has 
been shown in pos t -mor tem studies on brains of  patients 
with chronic paranoid schizophrenia  [I I]. It remains for fu- 
ture exper iments  however ,  to demonst ra te  how nucleus ac- 
cumbens  NA is further involved in the mediation of  behav- 
ioral manifestat ions of  the rat or other  species.  

In conclusion, the major effects of  NA or DA locally applied 
to the nucleus accumbens  of  the rat is a suppression of  ex- 
ploratory locomotor  activity follov,,ed by a stimulation when 
very large doses are administered.  It is not possible to distin- 
guish quali tat ively the effects produced by NA from those 
produced by DA on the basis of  separate recordings of  the 
number  of  rearings or  the pattern of  locomotion within the 
open field arena. When administered to the neostr ia tum, lo- 
como to r  stimulation is produced by DA whereas  NA 
produced a suppression of  the locomotor  activity.  The re- 
suits indicate that both NA and DA may be involved in the 
mediat ion of  exploratory locomotor  activity in the rat and 
gives an example  of  a conjoint action of  the two catechola- 
mines in the nucleus accumbens .  
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