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LIPPA, A. S., S. M. ANTELMAN, A. E. FISHER AND D. R. CANFIELD. Neuroehemieal mediation of reward." a 
significant role for dopamine? PHARMAC. BIOCHEM. BEHAV. 1(1) 23-28, 1973.- Intraventricular injection of 
6-hydroxydopamine resulted in only a temporary decrement of self-stimulation. Treatment with the alpha-adrenergic 
receptor blocking agent, phentolamine, had virtually no effect on self-stimulation in either 6-hydroxydopamine treated or 
normal rats; whereas haloperidol, a dopamine receptor blocking agent, markedly reduced self-stimulation in normal rats. 
Treatment with FLA-63, a potent inhibitor of dopamine-beta-hydroxylase, had no effect on self-stimulation but very 
significantly reduced eating. These results imply that dopamine may be importantly involved in the mediation of positive 
reinforcement and/or that the role of norepinephrine may be a minor one. 

Self-stimulation 6-Hydroxydopamine Norepinephrine Dopamine 

MUCH evidence has accumulated in recent years which 
suggests a major role for one or both of the catecholamines 
(CA) in mediating positive reinforcement, with norepine- 
phrine (NE) receiving by far the most attention. Many 
drugs which depress CA levels or interfere with their action 
also decrease bar pressing for electrical brain stimulation 
(self-stimulation) [ 9, 21, 35 ], while drugs which potentiate 
the action of CA increase self-stimulation rates [36]. 
Unfortunately, interpretation of such data often proves 
difficult. First, most pharmacological manipulations thus 
far utilized affect both dopamine (DA) and NE, making 
their individual roles unclear. Achieving a clear distinction 
between the effects of changes in NE and DA levels must be 
an ultimate goal of any crucial assessment of the NE reward 
hypothesis. However, results which seem to implicate NE in 
the mediation of positive reinforcement are suspect on 
other grounds as well. For example, disulfiram and diethyl- 
dithiocarbamate (DEDTC) have been reported to decrease 
self-stimulation, presumably due to a decrease in NE levels 
[35]. Yet, disulfiram has central depressant effects [20] 
and also results in inflammation of the peritoneum [29] 
whereas DEDTC affects energy metabolism [34]. In 
addition, both chelate trace metals [34]. 

Such generalized side effects make it necessary to seek 
less confounded methods for depleting brain CA, and 
6-hydroxydopamine (6-OHDA) shows promise of becoming 
a valuable tool in this field of research. When injected into 
the ventricles of the brain, 6-OHDA depletes most central 
CA containing nerve terminals and causes a permanent 
depletion of brain CA [32, 33]. Since toxic or side effects 
unrelated to CA depletion should be temporary, the effects 

on self-stimulation actually due to CA depletion can be 
assessed by a series of post-drug tests. Furthermore, 
utilization of other drugs in conjunction with selected 
dosages of 6-OHDA can produce a virtually complete 
functional inactivation of NE or DA with or without a 
marked depletion of the other [6, 12]. It seems then, that 
some rather basic tests of the NE reward hypothesis, and of 
alternatives to it, can now be made. 

In a previous report [2] we stated that 6-OHDA treated 
animals provided priming stimulation (experimenter de- 
livered stimulation not contingent on bar pressing) returned 
to normal self-stimulation rates within 3 - 7  days. In the 
present report, we provide evidence that priming is not a 
crucial factor for such early recovery, and that self- 
stimulation survives a combined drug treatment which 
should virtually eliminate functional utilization of NE. 

EXPERIMENT 1 

The purpose of this experiment was to determine the 
effects of 6-OHDA induced CA depletion on self- 
stimulation rates. Two different testing regimens were used 
to determine the necessity of priming stimulation. 

METHOD 

Animals 

Animals were male Sprague-Dawley rats from Marland 
Farms (250-300  g). All rats were housed in individual 
cages with continual access to food and water. 
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Surgery was pe r fo rmed  using sodium Nembu ta l  (50  
mg/kg)  anes thes ia  s u p p l e m e n t e d  by a t rop ine  sulfate (0 .4  
mg/kg).  Animals  were placed in a s te reo tax ic  i n s t r u m e n t  
and  a b ipolar  p l a t i num i r id ium e lec t rode  (0.01 in. dia.) 
un insu l a t ed  at  the  cross sect ion of  the  t ips  was a imed for  a 
site in the  pos te r io r  h y p o t h a l a m u s  (A 4,5; L 1.5; V 8.5) 
[18 [ .  T w e n t y - t h r e e  gauge stainless steel guide cannulae  
wi th  30 gauge stainless steel inner  plugs were bi lateral ly 
imp lan t ed  in to  the  lateral  ventr ic les  (A bregma su ture ;  L 
1.5; V 4.25)  [18 ] .  

A ppara tus 

The appara tus  used for tes t ing  se l f -s t imula t ion  was a 
modi f ied  Sk inner  box  wi th  a bar on  one  wall. S t imu la t ion  
was admin i s t e r ed  t h r o u g h  a wire lead via a c o m m u t a t o r  
a t t ached  to the  top  of  the  cage. The  s t imu la t i on  consis ted  
of  rec tangula r  pulse pairs of  oppos i t e  po la r i ty ;  each pulse 
was 0.2 msec in d u r a t i o n  and the  f r equency  was 100 pulse 
pairs/see.  Each  bar  press del ivered a 0.3 sec du ra t i on  pulse 
train. 

Procedure  

A large pool  of  animals  were tes ted  for  se l f -s t imula t ion  
behavior .  Ten  an imals  t ha t  achieved a rate of  20 reponse  
per  min  or  h igher  were selected for  this  s tudy  and  tes ted  
unt i l  se l f - s t imula t ion  rates  had stabil ized.  An animal  was 
cons idered  to have s tabi l ized if its response  rate did not  
vary by  more  t h a n  _+ 10% of  the  mean  rate for  th ree  days. 

Fo l lowing  s tab i l i za t ion  of  bar-pressing rates,  experi-  
m e n t a l  an imals  were given two 200  ~g in t r aven t r i cu la r  
in jec t ions  (72 hr apar t )  of  6-OHDA h y d r o b r o m i d e  
(ca lcu la ted  as free base) in a vehicle of  0.9% saline and  0.1% 
ascorbic  acid. The  vo lume  of  so lu t ion  injected was 20 ul. 
Five con t ro l  animals  were given i sovolumet r ic  in jec t ions  of 
the  vehicle solut ion.  The  in jec t ion  p rocedure  consis ted of 
removing  the  guide shaf t  plug and  replacing it wi th  a 30 
gauge stainless steel cannula  c o n n e c t e d  by PE 20 tub ing  to 
a 50 ul H a m i l t o n  syringe. The  in jec t ions  were admin i s t e red  
over  a per iod  of  2 min and all in jec t ions  were given 1 hr  
before  tes t ing  for  se l f -s t imulat ion.  The  po in t  has been  
raised [28] t ha t  this  par t icular  in jec t ion  schedule  might  no t  
cause a suff ic ient  dep le t ion  of  NE, par t icular ly  in those  
nerve fibers involved with posi t ive  r e in fo rcemen t .  However ,  
u n r e p o r t e d  data  f rom rats tes ted  at various t i m e s ( 1  23 hr) 
before  and af te r  6 -OHDA do no t  differ  f rom tha t  r epor t ed  
here. 

Tes t ing  was carr ied ou t  for  3 0 - 6 0  rain each day. If an 
an imal  did not  begin bar-pressing wi th in  the  first 15 rain,  
p r iming  ( e x p e r i m e n t e r  del ivered s t imu la t i on  not  c o n t i n g e n t  
on bar-pressing) was given. Two animals  (HI and H2) were 
not  tes ted  on  the  two days be tween  inject ions ,  while 3 
animals  (H3,  H4, and  H5) were tes ted  on  all days. Once 
bar-pressing was in i t ia ted ,  no  f u r t he r  pr iming was given and  
bar-pressing rates were measured  for  30 min. 

F o u r  6-OHDA t rea ted  animals  whose  se l f -s t imula t ion 
rates had re tu rned  to predrug  levels were in jected intra-  
vent r icu lar ly  wi th  50 ug of  p h e n t o l a m i n e  mesyla te  (dose 
expressed as salt),  an a lpha adrenergic  r ecep to r  b locking  
agent,  in a vo lume of  10 ul disti l led water.  All in jec t ions  
were given 15 rain before  the  tes t  session and were on ly  
given if the  c r i te r ion  of  3 days of  s tabi l ized bar-pressing had  
been reached.  Test  sessions were c o n d u c t e d  daily unt i l  

se l f -s t imula t ion  rates had re tu rned  to pre in jec t ion  levels. 
When se l f -s t imula t ion  rates had  again s tabi l ized the animals  
were in jec ted  wi th  100 ug p h e n t o l a m i n e  mesyla te  and given 
an addi t iona l  series of  daily se l f -s t imula t ion  tests. 

Biochemis t ry  
One week af te r  animals  had comple t ed  all tes t ing  

cond i t ions ,  t hey  were sacrif iced by  decap i t a t i on  and  the i r  
t e l encepha lons  r emoved  for  b iochemica l  d e t e r m i n a t i o n  of  
NE. NE was ex t rac ted  on  a lumina  and measured  fo l lowing 
ox ida t i on  wi th  an iodine  reagent  [26 ] .  F luorescence  was 
measured  in an A m i n c o - B o w m a n  s p e c t r o - p h o t o f l u o r o -  
meter .  Emiss ion  spect ra  were d e t e r m i n e d  for  each sample 
and these  were always identical  to  the  spectra ob ta ined  
f rom a NE s tandard  ( l -ar terenol  b i ta r t ra te ,  Sigma). Brain 
NE c o n t e n t  was expressed as ug of  NE per g of  f rozen  brain 
tissue. Repor t ed  values were not  cor rec ted  for  recovery 
(87%). 

His to logy  

Trad i t iona l  h is to logy was not  pe r fo rmed .  However,  two 
p rocedures  were used to ob ta in  evidence t ha t  our  cannula  
p l acemen t s  were actual ly  in the  lateral ventr ic le .  First ,  a 
series of  four  s tandard  weight  con t ro l  animals  were ina- 
p lan ted  wi th  cannulae  at the  same s te reo tax ic  coord ina tes  
specified for  the  e x p e r i m e n t a l  animals .  6-OHDA was 
admin i s t e red  twice to the  same side of the  brain  according  
to the  schedule  and dosage previously  descr ibed.  Five days 
later,  brains were removed ,  bisected in to  r ight  and left 
halves and  separate  assays pe r fo rmed  on each half  brain.  
The  eight  samples  gave an average dep le t ion  of  90% NE and 
there  was no signif icant  d i f ference  in dep le t ion  be tween  the  
6-OHDA injected halves and the  con t ra la te ra l  halves. 

In add i t ion ,  the  cannula  p l acemen t  of  the  animals  in 
E x p e r i m e n t  1 and the  first g roup  in E x p e r i m e n t  2 was 
checked  by cu t t ing  t h r o u g h  the  brain in the  plane of  the  
cannula  t rack.  Visual inspec t ion  of the  exposed t rack 
verif ied tha t  the  t ip t e r m i n a t e d  in the  lateral ventr ic le  in all 
cases. 

R E S U L T S  

The data  in Table  I indica te  a very t e m p o r a r y  d e c r e m e n t  
in se l f -s t imula t ion  rates  for  6-OHDA t rea ted  animals ,  wi th  
vehicle con t ro l s  showing no change.  It should  be no t ed  t ha t  
ou r  animals  recovered in an average of  5 days if p r imed and  
seven days if no t  pr imed.  Since Stein and Wise repor t  data 
very similar to ours  for  u n p r i m e d  animals ,  bu t  on ly  for the  
first 6 days fo l lowing 6-OHDA t r e a t m e n t  [ 2 7 ] ,  it would 
appear  t ha t  they  did not  wait  long enough  to observe  the  
full recovery repor ted  here. 

Two o t h e r  po in t s  are of  par t icular  interest .  First ,  the  
two animals  not  tes ted  on the  days be tween  6-OHDA 
inject ions  (H1 and H2) failed to resume har-pressing on the  
three  days fo l lowing the  second 6-OHDA injec t ion unless 
they  were p r imed  (See Table  1). Once pr imed,  however ,  
these animals  usually d isplayed thei r  normal  bar-pressing 
rates. By the  seventh  pos t in jec t ion  day these  two animals  
had not  on ly  recovered or exceeded the i r  predrug response  
rates bu t  no longer  required priming.  Second,  and more  
i m p o r t a n t ,  the  th ree  animals  tes ted  t h r o u g h o u t  the  
in jec t ion  regimen d e m o n s t r a t e d  comple t e  recovery of  the i r  
p redrug  response  rates w i thou t  the  need for priming.  In 
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TABLE 1 

EFFECTS OF 60HDA* ON SELF-STIMULATION RATE t 

TEST DAYS 

6 7 8 9 10 11 
148 144 
(3) 

117 115 
(10) 

120 116 110 109 126 119 
69 79 74 115 114 92 
72 113 121 150 157 123 

TREATMENT ANIMAL 1 ~: 2 3 45 5 
HI 92 not tested 129 94 

200 ug 60HDA on (10) (2) 
Days 1 and 4 

Vehicle (0.9% NaC1 and 
0.1% Ascorbic Acid) 

H2 90 not tested 53 104 
(100). (80) 

H3 1 31 47 73 118 
H4 52 34 60 63 71 
H5 63 71 94 52 67 

H6 95 94 89 88 

H7 118 114 113 120 
H8 111 110 107 111 
H9 107 113 107 113 

H10 107 109 91 95 

*Two intraventricular injections of 60HDA were given 1 hr prior to start of test. Interval between injections was 72 hr. 
~-Data presented as percent of mean self-stimulation rate for 3 days prior to first injection. 
SDay of injection. 
( )Parentheses refer to the number of primings given at start of session. 

addit ion,  the second 6-OHDA inject ion did not  p roduce  
even a t empora ry  fur ther  dec remen t  in response rates for  
most  animals. 

Phen to lamine  had a very minimal  effect  in the four  
6-OHDA t rea ted  animals whose  self-st imulat ion rates had 
recovered to predrug levels (Table 2). Rate decreases for 
self-s t imulat ion ranged only f rom 0 - 3 1 %  with  mean 
decreases of  11% for the  50 ug dose and 13% for the 100 tsg 
dose (Table 2). 

TABLE 2 

EFFECTS OF PHENTOLAMINE ON SELF-STIMULATION IN 
6-HYDROXYDOPAM1NE TREATED RATS 

Sell-Stimulation 
Treatment (Percent of Predrug Rate) 

H2 H3 H4 H5 

Vehicle 97 99 79 89 

50 ~g Phentolamine 84 100 85 89 

100 ~g Phentolamine 80 69 100 100 

Table 3 presents  the effects  o f  6-OHDA on the  telen- 
cephalic con ten t  o f  NE in the self-st imulating animals. It 
can be seen that  6-OHDA caused a 90% deple t ion  of  
te lencephal ic  NE relative to  vehicle t reated controls .  
Deple t ion  of  te lencephal ic  NE has been found  to represent  
a relatively un i form deple t ion  of  NE in all brain regions 
[15] .  Al though we were not  prepared to do dopamine  

assays on these animals, similar drug regimens p roduce  a 
DA deple t ion  o f  5 0 - 6 0 %  [6, 33] .  Subsequent  DA assays 
done  here conf i rm such figures. 

TABLE 3 

EFFECTS OF 6-HYDROXYDOPAMINE ON BRAIN NOREPINE- 
PHR1NE CONTENT 

Treatment Animals 

Norepinephrine 

Percent 
~g/g Control 

Vehicle Control 

2 x 200 pg 
6-Hydroxydopamine 

(5) 0.45+-0.02 

H 1 0.04 8 
H2 0.05 12 
H3 0.05 12 
H4 0.04 9 
H5 0.06 12 

EXPERIMENT 2 

The purpose  of  this expe r imen t  was to  de te rmine  the 
effects  on self-s t imulat ion of  several pharmacological  agents 
which  would  selectively interfere  with ei ther  NE or DA. 
Phen to lamine  was again selected as an agent for blocking 
the  alpha adrenergic act ions of  NE. FLA-63 (an agent that  
interferes wi th  the  synthesis  of  NE, but  not  o f  DA) was 
selected because animals t reated wi th  this drug do not  
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exhibit the central nervous system depressant effects 
associated with drugs like disulfiram and DEDTC [8, 10]. 
Finally, haloperidol was the drug of choice for selective 
interference with DA actions, since its blocking effects 
appear to be specific to DA receptors when low doses are 
utilized [ 1, 16, 23 ]. 

METHOD 

The surgical procedures, apparatus utilized and the 
self-stimulation training procedures were identical to those 
described for Experiment 1. Animals meeting the self- 
stimulation stabilization criteria were divided into two 
groups. A first group (n=4) received intraventricular 
injections of haloperidol, phentolamine mesylate or their 
respective vehicles. Haloperidol (10 ug free base) was 
injected in a 10 ~1 vehicle solution which was supplied by 
the manufacturer (Haldol, McNeil Labs.). Phentolamine 
(100 ug) was injected in 10 ~1 distilled water. The animals 
were injected repeatedly over days but only at points when 
the criterion of 3 days stabilized responding had been 
r eached .  The order of drug administration was: 
phentolamine vehicle - phentolamine - haloperidol vehicle - 
haloperidol. All injections were administered 15 min before 
the testing session. 

The second group of animals (n=4) were given intra- 
peritoneal injections of FLA-63 (25 mg/kg), a dopamine- 
beta-hydroxylase inhibitor, in a hydrochloric acid vehicle 
solution (pH=5). In addition to monitoring self-stimulation 
rates, food and water intake were measured 24 hr following 
injections and compared to the food and water intake for 
the three days preceding the injections. One week after 
treatment, these animals were injected with an isovolume- 
tric amount of the vehicle solution and retested for 
self-stimulation. All intraperitoneal injections were given 
71/2 hr before the testing session. 

If an animal showed a deficit in self-stimulation rate 
after a drug injection, he was immediately tested for motor 
impairment [3]. Catalepsy was measured by placing each 
animal on a table top and recording how many seconds the 
animal required to appropriately readjust its body posture 
when a front paw or hind limb was lifted by the 
experimenter. Each animal was also placed in a vertical 
position on the front part of its home cage such that the 
hind quarters were hanging over the top edge of the cage 
and the front paws were grasping the inside of the cage 
front. The number of seconds it took each animal to 
readjust itself to the appropriate horizontal position on the 
cage floor was recorded as a measure of horizontal 
stabilization. 

RESULTS 

As can be seen in Table 4, the attempted selective block- 
ade of NE receptors with phentolamine ( 100 ug) had minimal 
effects on self-stimulation rate. However, the attempted 
blockade of DA receptors with haloperidol caused a 54% 
reduction (Table 4) in self-stimulation rate on the day of 
injection. It should be noted that at no time after 
haloperidol were any motor impairments observed. The 
animals displayed no catalepsia or impairment of horizontal 
stabilization. Furthermore, FLA-63 had no effect on 
self-stimulation rates (Table 4) and water intake, yet 
reduced food intake by 53%. 

EFFECTS 

TABLE 4 

OF PHARMACOLOGICAL AGENTS ON SELF- 
STIMULATION 

Drug Treatment Animals 
Percent of Mean 

Self-stimulation Rate for 
3 Days Prior to Drug 

Phentolamine Vehicle 4 94 

Phentolamine 4 98 
(100 ,ug) 

Haloperidol Vehicle 4 97 

Haloperidol 4 46* 
(10 ug) 

FLA63 Vehicle 4 96 

FLA63 4 88 
(25 mg/kg) 

*p<0.01, t-test. 

GENERAL DISCUSSION 

The main findings of Experiment 1 were (a) that animals 
chronically depleted of NE with 6-OHDA recovered 
predrug self-stimulation rates in 7 days or less, and (b) that 
priming was not essential for this recovery. Although these 
data suggest strongly that temporary deficits (and recovery) 
of self-stimulation after 6-OHDA are related to factors 
other than NE depletion, the possible role of receptor 
supersensitivity should still be considered. However, even 
though increases in sensitivity to NE attributable to 
postsynaptic receptor changes are well documented, such 
effects (unlike the increased responsiveness to NE attri- 
butable to interference with presynaptic reuptake of NE) 
typically take weeks to develop [25, 30]. In fact, Stein and 
Wise have cited a study in which receptor supersensitivity is 
not evident until the twenty-third day after NE depletion 
[28]. Since our animals are fully recovered by Day 7, it 
seems unlikely that such recovery can be attributed to 
receptor supersensitivity. Nevertheless, we attempted to 
control for this possibility by the use of phentolamine, an 
adrenergic receptor blocking agent. The use of both 
6-OHDA and phentolamine should virtually eliminate func- 
tional utilization of  NE. Nevertheless, phentolamine had no 
effect on self-stimulation rates in recovered 6-OHDA 
treated animals, even though equivalent doses of phento- 
lamine in intact animals decrease locomotor activity and 
block the excitatory effects of NE and amphetamine [ 17 ]. 

Since the biochemical assay showed a 90% depletion of 
NE in the 6-OHDA treated animals utilized in these studies, 
our data strongly suggest that mediation of positive 
reinforcement is not critically dependent upon it. Thus, 
temporary decrements in self-stimulation after 6-OHDA 
treatment most probably relate to factors other than a 
selective interference with a positive reinforcement system. 

In this regard, Laverty and Taylor [19] report that 
sedation, lethargy and piloerection are common symptoms 
during the first few days after a 200 ug injection of 
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6-OHDA. Condi t ioned  avoidance responding and runway 
activity were also temporar i ly  depressed and the t ime 
course of  recovery was similar to that  repor ted  here for 
recovery of  self-stimulation. 

If such data do put the NE theory  of  reward in jeopardy,  
are any reasonable alternatives suggested by the available 
data? Al though it is doubt fu l  that  any single t ransmit ter  
will be found to be crucially and solely related to the 
mediat ion of  positive re inforcement ,  some compell ing 
evidence suggests that  dopamine  may play a very significant 
role. 

First,  our  finding that  a second inject ion of  200 ug of  
6-OHDA had no marked effect on self-st imulation (See 
Table 1) is of  interest  in light of  the Breese and Taylor  [6] 
report that  the adminis t ra t ion of  a second 200 ug dose of  
6-OHDA further  depletes brain NE, but  has no further  
depleting effect on brain DA. This suggests the hypothesis  
that the depression of  self-st imulation observed after the 
initial 6-OHDA inject ion may be related more directly to 
DA deplet ion than to NE deplet ion.  The transient nature of  
the effect  might relate to a combina t ion  of minimal 
deplet ion of  dopamine  and toxic  effects of  6-OHDA. 

A direct test of  the dopamine  hypothesis  was made in 
Exper iment  2. The data indicate that  a l though intra- 
ventricular adminis t ra t ion of  100 ug of  the adrenergic 
blocker phento lamine  had no significant effect  on self- 
s t imulat ion in normal  animals, intraventricular  admini- 
stration of  10 ug of  haloperidol  (a selective DA receptor  
blocker  at low doses) reduced self-st imulation rates by 
more than 50%. This decrease does not  seem to be due to 
moto r  impairment  since the animals appeared normal  on all 
tests of  mo to r  funct ion  which were used. Fur thermore ,  
FLA-63,  a po ten t  dopamine-beta-hydroxylase  inhibi tor ,  
had virtually no effect  on self-stimulation rates at a dosage 
level which has been shown to deplete NE 70% but leaves 
DA levels unchanged [ 10]. Al though we do not  as yet  have 
our own biochemical  assay data for FLA-63 treated 

animals, we do have indirect  evidence of  an effective 
deplet ion of  NE. The marked decrease in 24-hr food intake 
is highly suggestive of  a major NE deplet ion since NE has 
been strongly implicated as the neuro t ransmi t te r  most 
directly related to feeding [ 13 ]. 

The impor tance  of  DA in relation to the self-st imulation 
phenomenon  is implied by several other  lines of  evidence: ( 1 ) 
Breese et al. [5] report  that  self-st imulation deficits lasting 
35 days can be obtained by a single inject ion of  pargyline 
prior to 6-OHDA, and then cite this as support  for the NE 
reward hypothesis.  However ,  pargyline has been shown to 
potent ia te  the deplet ing effect o f  6-OHDA on brain DA 
wi thout  any fur ther  deplet ion of  brain NE [6] .  This would 
seem to implicate DA rather than NE in the media t ion  of  
self-stimulation. (2) Tricyclic antidepressants which selec- 
tively block reuptake of  NE [7] have no effect  on 
self-st imulation [4] .  On the o ther  hand, cocaine,  which 
blocks reuptake o f  dopamine  as well as NE [24] facili tates 
self-st imulation [4] .  (3) Crow [ 1 1 ] has repor ted  that  the 
major i ty  of  mesencephalic  sites f rom which he could elicit 
self-stimulation correspond to areas A9 and A10 of  
Dahls t rom and Fuxe,  which consist of  dense groups of  
dopamine  containing cell bodies. 

The idea that  DA might be a neuro t ransmi t te r  critical 
for a particular behavior is certainly not  a new one. 
Dopamine  has been fully or tentat ively implicated in 
feeding and drinking [31] ,  and in the s t imulatory and 
compulsive behaviors observed after  amphe tamine  [22] .  
Deficits in DA have been implicated in the symptomology  
of  Parkinsonism [14] .  Al though our  data appear to 
implicate DA in the mediat ion of self-stimulation, it now 
seems precarious to consider  either DA or NE as a crucial 
factor  in the mediat ion of  positive re inforcement .  Present 
evidence does suggest that the role played by NE may be a 
minimal or  indirect one,  and that o ther  alternatives, 
including DA (or DA and NE in concer t )  deserve serious 
consideration. 
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