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STINUS, L., A. M. THIERRY AND B. CARDO. Self-stimulation and local injections o f  6-hydroxydopamine into the rat 
brain." enhanced behavioral depressive effects o f  a-methylparatyrosine. PHARMAC. BIOCHEM. BEHAV. 3(1) 19-23, 
1975. - The effects of intracerebral injections of 6-OHDA on self-stimulation were examined. Small amounts of 6-OHDA 
were injected either in the area ventralis tegmenti (AVT) or laterally in the pedonculus cerebellaris superior (PCS), then all 
rats were implanted in the AVT. In spite of marked depletion of brain catecholamines, self-stimulation learning was not 
altered by PCS 6-OHDA injections, whereas, AVT 6-OHDA injections produced a small perturbance. The administration of 
low doses of AMPT which had no observable effect in control rats, produced a severe depression of self-stimulation rates in 
6-OHDA pretreated rats. The depressive effect of AMPT is always more important in rats injected with 6-OHDA in the 
AVT than those injected at the level of PCS. The respective role of noradrenergic and dopaminergic neurons in AVT 
self-stimulation are discussed. 

Self-stimulation Catecholamines 6-Hydroxydopamine AMPT 

F O R  several years, a ca techolaminergic  (CA) hypothesis  has 
been postula ted for self-st imulation behavior  [20, 25, 26, 
32, 33, 34] .  Recent ly ,  the  central  adminis t ra t ion of  
6 -hydroxydopamine  (6-OHDA) has been shown to produce  
prolonged reduc t ion  of  brain CA, due to the dest ruct ion of  
dopaminergic  and noradrenergic systems [3, 5, 41] .  How- 
ever, impor tan t  chronic  deficits did not  occur  after  intra- 
ventr icular  inject ion of  6-OHDA [6, 10, 11, 13, 16, 18] ;  
the only  permanent  behavioral  modi f ica t ion  that  has been 
observed is an increasing irri tabil i ty [22,36] .  Thus, 60% of  
brain CA deple t ion  produced  by intraventr icular  6-OHDA 
inject ion,  reduced self-st imulation rates to 40 or 50% only  
[4 ,31] .  However,  as Cooper  et al. [10,11] showed, 
6-OHDA treated rats, showing no deficits in pe r fo rmance  o f  
several behavioral  tasks, can be distinguished f rom cont ro l  
rats by an increased sensitivity to the behavioral  depressant 

effects  of  a -methylpara tyros ine  (AMPT) or reserpine. In 
our study, we have tested the effect  of  central 6-OHDA 
adminis t ra t ion upon self-st imulation produced by elec- 
t rodes implanted in the area ventralis tegment i  (AVT),  not  
by producing intraventr icular  inject ions which produced a 
general deple t ion  of  central CA, but by injecting locally 
6-OHDA at the  level of  catecholaminergic  structures which 
can be critical for self-stimulation. Two inject ion sites have 
been selected: the AVT that  contains  the ventral noradre-  
nergic bundle and the mesol imbic dopaminergic  cell bodies 
(A10) and laterally to the pedunculus  cerebralis superior  
(PCS) which is both  the pa thway of the dorsal noradrener-  
gic bundle and of  part of  the ventral  noradrenergic bundle  
[35,39] .  These two inject ion sites could allow us to analyse 
the  part of  the A1 o dopaminergic  group reached only by 
AVT inject ion and to dissociate the respective effects of  the 
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two ascending noradrenergic bundles. Finally, we have 
tested the depressive effect of low doses of AMPT on the 
self-stimulation performed by these animals. 

METHOD 

Animals 

Twenty-nine male Sprague Dawley rats weighing initially 
370 g were used in this study. During the experiments, rats 
were individually housed and fed ad lib with food pellets 
given at the end of the day (7 p.m.). 

Procedure 

Surgical methods. Operations were made in two steps: 
(1) 6-hydroxydopamine injections: Operations were 

performed with a Stoelting apparatus (Krieg Model Nr. 
51.200). Chemical lesions were made bilaterally under 
penthotal anaesthesia (80 mg/kg) by stereotaxic microinjec- 
tions of 6-OHDA hydrochloride (6-OHDA, AB Biotec, 
H88/32) (2 ug in 1 ul of isotonic saline solution containing 
1 mg/ml of ascorbic acid adjusted to pH 4). The fluid was 
delivered at a speed of 1 ,,1/5 rain, with the help of a 
Hamilton syringe. In these experimental conditions, most 
of the preliminary estimations revealed that the 6-OHDA 
injected diffused in a sphere of 2 mm diameter [2]. Ten 
rats received 6-OHDA injections in the area ventralis 
tegmenti (AVT group) (posterior to the bregma: P 4.4 ram; 
lateral to the midline: L + 0.5 ram; below the calvarium 
surface: H 8.3 mm). Nine rats received 6-OHDA injections 
laterally to the pedonculus cerebralis superior (PCS group) 
(P6 ram; L + 2 ram; H7.7 mm); the 10 other rats were 
injected with the 6-OHDA free medium either in the AVT 
(5 rats) or laterally to the PCS (5 rats) (control group). 

(2) Electrode implantations: One week after the 
chemical lesions, two bipolar electrodes were stereo- 
taxically implanted in the AVT (one on each side) at 
stereotaxic coordinates slightly different from those used 
for the 6-OHDA chemical injection (P 4 mm; L +- 0.4 ram; 
H 8.5 ram)(bilateral implantations). 

Behavioral methods. Ten days after the second surgery, 
the self-stimulation learning was started as described previ- 
ously [33]. 

(1) Self-stimulation learning. Animals were submitted 
daily to 15 rain training session using each AVT electrode 
during an 11 day period (between the 20th and 31st day 
after 6-OHDA treatment); for each rat, these 2 daily 
training sessions (right and left electrode) were separated by 
5 hr. The successive intensities applied during learning 
were: 0, 0, 10, 10, 20, 20, 30, 30, 40, 60, and 8 0 u A  peak 
to peak. Electrodes unable to elicit self-stimulation rates 
over 500 presses within 15 rain at 60 uA were not utilized. 

(2) a-methylparatyrosine treatments. For pharmaco- 
logical experiments, electrodes showing the higher rates 
responses intensity (60~A)  during the self-stimulation 
learning were selected from among those of the 23 rats 
trained. Within these groups of animals, no statistical 
significant differences could be found in the rate of self- 
stimulation (control group: 9 electrodes, 1719 +- 130 
presses in 15 rain; PCS group: 1l electrodes, 1781 + 132 
presses in 15 rain; AVT group: 13 electrodes, 1501 -+ 126 
presses in 15 rain). Pharmacological experiments took place 
between the 40th and the 53rd day after 6-OHDA treat- 
ment. On the day of the experiment, rats were allowed to 

self-stimulate during 10 sessions of 30 rain each, alternating 
with rest periods of 30 min. At the beginning of the second 
self-stimulation session, the animals received an intra- 
peritoneal injection (ip) of AMPT (50 mg/kg or 75 mg/kg) 
(AMPT, AB Biotec, H44/68). Some animals were studied 
in the two pharmacological situations; in this case, a 6 day 
period separates two successive drug tests. 

Biochemical methods. One hundred-twenty days after 
6-OHDA treatment, rats were killed by decapitation and 
their brains were immediately dissected with glass 
manipulators under a dissecting microscope at 4°C; tissues 
were weighed and homogenized in 10 ml of an ethanol- 
water solution (74:16 V/V) with an ultraturax apparatus, 
catecholamines were isolated from the supernatant, after 
centrifugation of homogenates, by ion exchange chroma- 
tography on amberlite CG50 [14]. Norepinephrine (NE), 
dopamine (DA) and serotonin were estimated on 0.5 ml 
aliquots of the amberlite eluates; using the spectro- 
fluorimetric methods of Von Euler and Lishajko [12] and 
Laverty and Taylor [ 17]. All values were corrected for the 
respective recoveries. 

Histological control. Only rats unable to perform self- 
stimulation (with one or both electrodes) were controlled; 
these electrod tips were not localized in the AVT (4 elec- 
trodes localized below the brain, 2 in the red nucleus and 2 
in the lemniscus medialis). This histological control has 
further revealed the absence of necrotic lesions in 6-OHDA 
injection sites. 

Statistics. In behavioral as well as in biochemical studies, 
the significance of differences observed between two groups 
were estimated by the Student's t test [30]. 

RESULTS 

Effects o f  6 -OHDA Lesions on Se l f  stimulation Learning 

The general evolution of the self-stimulation behavior 
during learning was not markedly altered by the 6-OHDA 
chemical lesions. Indeed, the thresholds of self-stimulation 
were found with current intensities of 10 to 20 uA in all 
rats. Moreover, rates of self-stimulation of the PCS animals 
were similar to those observed in control rats. However, the 
rates of self-stimulation of AVT rats were lower than those 
of control or PCS animals, these differences were statis- 
tically significant between 20 and 40 uA (Fig. 1). It should 
be mentioned that 6-OHDA chemical lesions did not affect 
the weight of the animals. 

Effects o f  AMPT on Self-stimulation Behavior following 
6-OHDA Lesions 

AMPT 50 mg/kg ip (AMPT 50). AMPT 50 treatment 
slightly reduced the rate of self-stimulation in control rats 
(20%). However a similar small effect has been observed in 
a previous experiment after the injection of saline [34]. 
Both 6-OHDA lesions enhances the depressing effect of 
AMPT on self-stimulation rate. This effect was particularly 
striking in rats which had received 6-OHDA in the AVT 
area; whereas the differences of PCS group when compared 
with control values have not statistical significance (except 
for the 5th self-stimulation session). 

AMPT 75 mg/kg ip (AMPT 75). At this dose, AMPT 
rapidly reduced the rate of self-stimulation in sham oper- 
ated rats. In this case, AMPT was much more effective in 
both groups of 6-OHDA lesioned animals. For instance self- 
stimulation which was only reduced by 52% in control rats 



S E L F - S T I M U L A T I O N  A F T E R  LOCAL 6-OHDA I N J E C T I O N S  21 

1500- 

1008- 

508. 

SELF- STIMULATION 
RATES/15,'m. 

I 

IP~ 00.= ~,v, 0o.o, 
Group llSI Group II8) 

0 t |  i ~  

8 8 f8 18 20 20 30 38 40 60 80 
CONTROL ~G~oup II 1 ~ INTENSITY (pA) 

FIG. l. Effects of local 6-OHDA injections upon self-stimulation 
learning. Abscissa: intensity (pA) of daily 15 min self-stimulation 
sessions. Ordinate: the mean (-+SEM) of lever pressing in 15 min. 
Statistical significance: AVT group when compared with control 
group: ep<0.02; oop<0.01; eoep<0.001; AVT group when com- 
pared with PCS group: *p<0.05; **p<0.02; ***p<0.0l .  In 

brackets, the number of AVT electrodes tested for each group. 

was decreased by  more  t h a n  86% in PCS and  A V T  6-OHDA 
groups  dur ing  t he  6 t h  session. However ,  t he  ra tes  of  self- 
s t imu la t i on  were a lways more  depressed in A V T  les ioned 
rats t h a n  in PCS lesioned an imals  (Fig. 2), bu t  these  differ-  
ences were no t  s ta t is t ica l ly  s ignif icant .  

Biochemica l  results. As wi th  previous  resul ts  [ 3 5 ] ,  
6 -OHDA in jec t ions  made  in the  PCS p r o d u c e d  a preferen-  
tial r e d u c t i o n  o f  NE levels in s t ruc tu res  ma in ly  inne rva ted  
by  t he  dorsal  NE pa thway ,  whereas  those  made  in the  A V T  
pre fe ren t i a l ly  a f fec ted  s t ruc tu res  inne rva ted  by  the  ven t ra l  
NE pa thway ,  a l t h o u g h  t hey  also affect  s t ruc tu res  such as 
the  cor tex  and  the  h i p p o c a m p u s  which  are main ly  inner-  
va ted  by  the  dorsal  ascending  NE pa thway .  DA levels were 
s igni f icant ly  reduced  in the  n e o s t r i a t u m  and  in the  olfac- 
to ry  tube rcu les  on ly  in 6 -OHDA A V T  rats  (Table  1). 
Besides, b iochemica l  analysis  shows t ha t  local in jec t ions  of  
6-OHDA e i ther  at t he  level of  A V T  or  PCS do not  pe r t u rb  
se ro ton inerg ic  sys tems  (cor t ica l  s e r o t o n i n  in /~g/g; con t ro l  
group:  0 .225 -+ 0 .023 ;  A V T  group:  0 .230  -+ 0 .022 ;  PCS 
group:  0 .235 -+ 0 .038) .  

D I S C U S S I O N  

These results  suggest the  fo l lowing observa t ions :  
(1)  6-OHDA in jec t ion  does no t  p r oduce  a lone  self- 

s t imu la t i on  i m p o r t a n t  defici ts  wha teve r  t he  in jec t ion  site 
e i the r  A V T  or  PCS. The  p e r t u r b a n c e s  observed  are lower  
t h a n  those  p r o d u c e d  by  a 6-OHDA in t r aven t r i cu l a r  adminis -  
t r a t i o n  [ 4 , 3 1 ] ;  moreover ,  t h e y  are sl ighter  t h a n  t hose  
p roduced  by  AMPT i n t r a p e r i t o n e a l  in jec t ion ,  wh ich  is 
suff ic ient  to  inh ib i t  CA synthes i s  at  80% [ 3 3 ] .  In th i s  last  
case, near ly  all t he  CA n e u r o n s  ac t iv i ty  is b locked ;  on  the  
con t r a ry ,  a f te r  a local 6 -OHDA in jec t ion ,  on ly  a few 
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FIG. 2. (A) Effect of AMPT 50 mg/kg ip on self-stimulation behav- 
ior following 6-OHDA treatments. Abscissa: the 10 self-stimulation 
sessions of 30 min each alternating with rest periods of 30 min. 
Ordinate: the mean (-+SEM) of lever pressing is expressed in per- 
centage of the first session score. Statistical significance: 6-OHDA 
groups when compared with control group: op<0.05; oep<0.0 l ;  
e e e p < 0 . 0 0 l ;  AVT group when compared with PCS group: 
*p<0.05; **p<0.0l.  In brackets the number of AVT electrodes 
tested for each group. (B) Effect of AMPT 75 mg/kg ip on self- 
stimulation behavior following 6-OHDA treatments: abscissa and 
ordinate: see Fig. 2A. Statistical significance: 6-OHDA groups when 
compared with control group: op<0.02; eep<0.01; eeep<0.001. In 

brackets the number of AVT electrodes for each group. 

n e u r o n s  have degenera ted ,  while  o the r s  do  no t  seem to have 
t aken  up  enough  6-OHDA and the re fo re  are u n d a m a g e d  
[ 15 ]. The  remain ing  in tac t  CA neu rons  are able to compen -  
sate the  func t iona l  ac t iv i ty  of  the  n e u r o n s  des t royed ,  e i the r  
b y  e n h a n c e d  synthes is  [1] or  by  supersens i t iv i ty  of  recep- 
tors  [21, 37, 40 ]  or  by  the  sp rou t ing  of  new te rmina l s  
[ 2 4 ] .  However  t h a t  may  be, th is  resul t  con f i rms  the  reward  
sys tem r e d u n d a n c y  a l ready observed  af te r  e lec t ro ly t ica l  
lesions [19,  23, 38, 42 ] .  
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T A B L E 1  

NOREPINEPHRINE AND DOPAMINE LEVELS IN VARIOUS BRAIN STRUCTURES AFTER DIFFERENT 6-HYDROXYDOPAMINE 
TREATMENTS. 6-OHDA (2/.Lg[1 #1) WAS INJECTED BILATERALLY, EITHER IN AVT, OR LATERALLY IN THE PCS. PARENTHESES 
SHOW THE NUMBER OF ANIMALS OF EACH GROUP. RESULTS ARE THE MEAN ±SEM OF CONTROL VALUES (SALINE 

INJECTION). 

control (/zg/g) (7) 

Brain structures NE DA PCS Group (8) 

6-OHDA lesion percentage of control 

NE % DA % 

AVT Group (8) PCS Group (8) AVT Group (8) 

Brain stem 0.426 t 0.019 0.137 + 0.007 95 ± 3 103 ± 4 97 + 2 91 + 6 

Hypothalamus 1.79 + 0.12 0.710+ 0.100 37 + 2I: 7 4 ± 4 t  69+ 8 66 ± 5 

Hippocampus 0.454 _+ 0.025 49 +- 45 54 + 55 

Olfactiflobs 0.464+- 0.029 1.81 -+ 0.21 73 + 5~ 97 • 7 98+ 3 63+ 5* 

Caudatenucleus 0.517-+ 0.031 6.25 ± 0.30 59+ 35 64+ 55 106+ 5 60 * 6i: 

Cortex 0.234±0.011 0.141.+-0.014 2 7 ~ 2 5  3 9 + 4  5 103 ~ 16 106+ 17 

*p<0.02, ~-p<0.01, Sp<0.001 

(2)  The  se l f - s t imula t ion  behav io r  is on ly  p e r t u r b e d  af te r  
AVT in jec t ion  of  6-OHDA, PCS in jec t ion  has no  effect.  
Similarly,  t he  in jec t ion  of  low doses of  AMPT is more  effec- 
tive on 6-OHDA AVT in jec ted  rats  t han  in PCS in jec ted  
ones. Biochemica l  analysis  shown tha t ,  t he  main  d i f ferences  
b e t w e e n  the  two  6-OHDA groups  are tha t  meso l imbic  DA 
neurons ,  a larger par t  of  the  vent ra l  noradrenerg ic  pa thway ,  
and par t  of  the  dorsal  one, are des t royed  in the  A VT group;  
whereas  PCS group is charac te r ized  b y  a near ly  t o t a l  lesion 
of  the  dorsal  noradrenerg ic  p a t h w a y  and of  the  ven t ra l  one. 
We can no t i ce  too ,  tha t  for  all s t ruc tu res  located  ros t ra l ly  
to  the  6-OHDA injected sites, t he  NE decreases are always 
more  i m p o r t a n t  a f te r  PCS lesions t h a n  af ter  A VT ones,  
a l t hough  d i f ferences  are o f t en  slight. 

So the  h igher  p e r t u r b a t i o n s  induced  by A V T  lesions can 
be expla ined  by  a lesion of  the  meso l imbic  DA sys tem (A10  
group) ,  this  is in ag reement  wi th  o t h e r  workers  [8] and 
wi th  the  fact tha t  several d o p a m i n e  /3-hydroxylase in- 
h ib i to r s  are unab le  to inhib i t  A V T  se l f -s t imula t ion  (unpub -  
l ished data) .  

The  exis tence  of  p e r t u r b a t i o n s  in PCS group  af ter  low 
doses of  AMPT,  and  the  fact tha t  in a previous  s tudy  [34]  
we have s h o w n  tha t  AMPT inh ib i t i on  of  se l f -s t imula t ion  
elicited by AVT elec t rodes  could be reversed by  dl- 
d i h y d r o x y p h e n y l s e r i n e  a p recursor  which  leads on ly  to  the  
f o r m a t i o n  of NE, show tha t  also a noradrenerg ic  l ink is 
impl ica ted  in A V T  sel f -s t imulat ion.  It  is, at p resent  t ime,  
diff icult  to  s ta te  precisely a b o u t  the  origin of  this  NA link, 
howeve r  several hypo thes i s  can be made:  first, th is  NA link 

could be fo rmed  by the  ven t ra l  NE pa thway ,  since it lies 
along the  AVT,  however  Clavier et al. [7] failed to show 
se l f -s t imula t ion  f rom e lec t rodes  closely localized to the  cell 

groups  of  origin of  this  p a t h w a y ;  second,  as Crow [9] 
ob t a ined  se l f -s t imula t ion  wi th  e lec t rodes  localized in the  
locus coeruleus,  it is possible to  t h ink  t ha t  e lec t rodes  im- 
p lan ted  in A V T  act iva te  i n t e r n e u r o n a l l y  th is  NE cell g roup,  
which  could represen t  the  noradrenerg ic  l ink of  AVT self- 
s t imula t ion .  However ,  o the r  workers  failed to  ob ta in  locus 
coeru leus  se l f -s t imula t ion  [29 ] .  Final ly  our  resul ts  could be 
expla ined  by  the  exis tence  of  a new NE n e u r o n  g roup  no t  
yet descr ibed,  since it has been  s h o w n  tha t  se l f -s t imula t ion  
can be ob t a ined  wi th  e lec t rodes  located  in the  nuc leus  
raphe  medial is  a se ro ton inerg ic  cell g roup  [ 2 8 ] ,  whereas  
this  behav ior  can be inh ib i t ed  by  AMPT while parachloro-  
pheny la l an ine  does  not  (S imon,  unpub l i shed  data) ,  th is  
shows a ca techo laminerg ic  l ink in a se ro ton inerg ic  s t ructure .  

(3) At  last our  results  show the  l imits of  the  capaci t ies  of  
vicar iance of  the  ana lyzed  sys tem,  since a par t ia l  i nh ib i t i on  
of  CA synthes is  is suff ic ient  to  reduce  se l f -s t imula t ion  rates 
by  50% in AVT in jec ted  rats. As has been  not iced  in a 
previous  s tudy  [ 3 3 ] ,  the  newly  syn thes ized  CA are prefer-  
ential ly released in sel f -s t imulat ion.  However ,  a f te r  
synthes is  has been  b locked ,  the  CA s tocked  can c o m p e n s a t e  
t empora r i ly  th is  deficit.  In the  present  e x p e r i m e n t  CA 
stores are l ikely no t  to  be suff ic ient  to  c o m p e n s a t e  the  
effects  of  the  synthes is  part ial  inhib i t ion .  Such a s i tua t ion  
can be compared  wi th  the  behaviora l  effect  of  low doses of 
AMPT on reserpine  p re t r ea ted  rats [27 ] .  
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