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PRICE, M. T. C., G. N. MURRAY AND H. C. FIBIGER. Schedule dependent changes in operant responding after lesions 
of the dorsal tegmental noradrenergic projection. PHARMAC. BIOCHEM. BEHAV. 6(1) 11-15,  1977. - The 
present experiments examined the role of the dorsal tegmental noradrenergic bundle (DTNB) in operant responding for 
food under various schedules of reinforcement. This catecholaminergic neuronal system originates in the nucleus locus 
coeruleus and has diffuse projections to hippocampus and cerebral cortex. Bilateral stereotaxic injections of 
6-hydroxydopamine into the DTNB of rats reduced hippocampal-cortical noradrenaline to less than 5% of control 
levels. Animals with these lesions acquired a continuously reinforced (CRF) bar-press response at the same rate as controls. 
Compared to controls rats with DTNB lesions responded at significantly lower rates on a variable interval 30 
(VI 30) schedule. Extinction after VI 30 responding did not differ significantly between control and lesioned animals. 
In another experiment no significant difference was observed between DTNB lesioned and control groups on the rate of 
responding on a fixed ratio 30 (FR 30) schedule. The results are discussed with reference to previous reports indicating 
changes in operant responding after intraventricular injections of 6-hydroxydopamine. The data failed to support the 
hypothesis that the DTNB is critically involved in learning and memory. 
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C E N T R A L  ca t echo lamine rg i c  (CA) sys tems appear  to be 
involved in the  p e r f o r m a n c e  o f  o p e r a n t  responding .  Data  
suggest ing such a role for  these  sys tems  have been  o b t a i n e d  
by  a n u m b e r  of  d i f fe ren t  e x p e r i m e n t a l  approaches .  First ,  
per iphera l  a d m i n i s t r a t i o n  of  drugs tha t  reduce  bra in  levels 
of d o p a m i n e  (DA)  and  no rad rena l i ne  (NA) has been  s h o w n  
to resul t  in decreases in ope r an t  r e spond ing  [ 1 7 , 2 2 ] .  
Secondly ,  p e r f o r m a n c e  of  an o p e r a n t  response  appears  to  
be a c c o m p a n i e d  by an increased  u t i l i za t ion  of  ca techol -  
amines [3, 9, 12, 22, 26 ] .  A th i rd  a p p r o a c h  used in this  
area of  inves t iga t ion  has been  to examine  schedule  con-  
t rol led behav iour  fo l lowing the  d e s t r u c t i o n  of  CA neurons  
by in t r aven t r i cu l a r  in jec t ions  of  the  n e u r o t o x i n  6 -hydroxy-  
d o p a m i n e  (6-OHDA).  Using this  m e t h o d ,  Cooper ,  G r a n t  
and  Breese [4] r epo r t ed  t ha t  r e spond ing  on  a schedule  of  
c o n t i n u o u s  r e i n f o r c e m e n t  ( C R F )  was no t  a l te red  by  sub- 
s tant ia l  cen t ra l  dep le t ions  of  NA and  DA p roduced  by  
6-OHDA. The  6-OHDA t r ea t ed  animals  were however ,  more  
sensit ive to  the  ra te -decreas ing  effects  of  c~-methyl- 
para- tyros ine .  In con t r a s t  to  this  r epo r t  of  no  direct  effects  
on  r e spond ing  o n  a C RF  schedule ,  o t h e r  inves t iga tors  have 
r epo r t ed  increases in r e spond ing  on  schedules  of  par t ia l  
r e in fo rcemen t .  Shoenfe ld  and  Ure t sky  [23]  r epo r t ed  t ha t  
i n t r aven t r i cu la r  6-OHDA produced  a 4-fold increase in 
r e spond ing  m a i n t a i n e d  by  a var iable  interval  (VI) schedule  
of  r e in fo rcemen t .  This  ef fec t  occur red  w h e t h e r  6-OHDA 

was admin i s t e red  pr ior  to t ra in ing  or a f te r  4 weeks of  
t raining.  Similar ly,  Pe te r son  and  Sparber  [18]  r epo r t ed  tha t  
in t r aven t r i cu la r  6 -OHDA injec t ions  caused rats  which  were 
t ra ined  to r e spond  on  a f ixed ra t io  ( F R )  schedule  of  
r e i n f o r c e m e n t  to pe r fo rm at s ignif icant ly  h igher  rates  t han  
vehicle in jec ted  controls .  I n a s m u c h  as this  fac i l i t a t ion  of  
r e spond ing  was in evidence  for  the  5.5 m o n t h  du ra t i on  of  
the  expe r imen t ,  it appeared  to be p e r m a n e n t .  

The  presen t  expe r imen t s  sough t  to e x t e n d  these s tudies  
by inves t igat ing the  role of  a specific NA pro jec t ion ,  the  
dorsal t egmen ta l  bundle ,  in schedule  con t ro l l ed  behav iour .  
This  sys tem which  or iginates  in the  nuc leus  locus  coeruleus ,  
projects  diffusely to the  t e l e n c e p h a l o n  [ 1 3 , 2 7 ] .  By stereo- 
taxic  in j ec t ion  of  mic ro l i t e r  quan t i t i e s  of  6-OHDA, it is 
possible to lesion comple t e ly  and  selectively this  NA 
pro jec t ion  [ 1 9 ] .  C o m p a r e d  to in t r aven t r i cu la r  6 -OHDA 
inject ions,  this  app roach  offers  the  obvious  advantage  tha t  
it is possible to  a t t r i b u t e  behavioura l  changes  to damage  to 
a specific neu rona l  sys tem ra the r  t han  to ca t echo lamine rg ic  
neurons  in general.  

METHOD 

Variable Interval 30 

T h i r t y - t w o  male  Wistar ra ts  weighing 3 0 0 - 3 2 0  g at the  
beg inn ing  o f  the  e x p e r i m e n t  were m a i n t a i n e d  individual ly  
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in stainless steel cages wi th  food  and water  available ad lib. 
T h r o u g h o u t  the e xpe r i m en t ,  co lony  l ight ing was on  f rom 
8 :00  a.m. to 8 :00  p.m.  daily. 

S ix teen  animals  were anaes the t i zed  wi th  N e m b u t a l  (50 
mg/kg),  p repa red  for  surgery in a K~Spf s t e reo tax ic  
i n s t r u m e n t ,  and  t hen  given bi la tera l  in jec t ions  of  6-hy- 
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  in to  the  dorsal t egmen ta l  
NA bundle .  The in jec t ion  coord ina te s  accord ing  to Konig  
and Klippel  [11]  were A + 2 . 6 m m ; L +  1.1 r a m ; a n d  D V +  
3.7 mrn.  Each in jec t ion  was made  wi th  4 ug of  6 -OHDA 
(dosage expressed as the  free base)  dissolved in 2 ul of  a 
so lu t ion  con ta in ing  0.15 M NaC1 and  0.2 mg /ml  ascorbic  
acid. In jec t ions  were made  at the  rate of  0.2 M/min .  
Cont ro l  an imals  (N = 16) had  bur r  holes dril led bi la tera l ly  
in the  skull at  the  same coord ina tes ,  bu t  did no t  receive 
in t racerebra l  in ject ions .  

Two s t anda rd  ope r an t  c h a m b e r s  (Lehigh Valley Elec- 
t ronics ,  Inc.)  enc losed  in s o u n d - a t t e n u a t i n g  c h a m b e r s  were 
used in these invest igat ions.  Food  r e i n f o r c e m e n t  was 
provided by  the delivery of  a 45 mg food  pel let  (P. J. Noyes 
Co.) to a cup b e t w e e n  2 levers. Responses  on  the lever to 
the r ight  of  the  cup resul ted  in food  r e i n f o r cem en t .  The left 
lever was inopera t ive .  

One week af te r  surgery,  animals  were pu t  on a 22 hr 
food depr iva t ion  schedule  which  remained  in ef fec t  for the  
dura t ion  of  the  ex pe r i m en t .  Af ter  5 days on this feeding 
schedule ,  acqu i s i t ion  t ra in ing  on  a CRF schedule  was 
ini t ia ted.  On each of  the  8 days of  CRF,  2 food  pel lets  were 
placed on top  of  the  lever at the  beg inn ing  of  each daily 30 
rain session and  in add i t ion ,  the  e x p e r i m e n t e r  delivered a 
pellet  to the  rat  on the  first two  occas ions  when  the  rat  
raised i tself  up o n t o  the  lever. Af ter  each daily session the 
rats were r e tu rned  to the i r  h o m e  cages and  given free access 
to food  for  2 hours .  Af ter  acqu i s i t ion  of  r e spond ing  on the  
CRF schedule ,  animals  wi th  dorsal NA bund le  lesions and 
con t ro l s  were placed on variable interval  schedules  of  
r e i n t o r c e m e n t  and gradually t ra ined  to r e spond  on  a VI  30 
schedule .  Each daily session lasted for 30 rain. Af ter  the  VI 
schedule  had  been in ef fec t  for  4 weeks,  4 consecut ive  days 
of e x t i n c t i o n  sessions were given. During these sessions, 
food was r emoved  f rom the feeder  so tha t  bar-pressing no  
longer resul ted  in food r e in fo rcemen t .  Fol lowing be- 
havioural  test ing,  the animals  were killed and the  h ippo-  
campus  and cerebral  cor tex  were assayed for  NA c o n t e n t  
I 1 4 ] .  

Fixed  Rat io  30 

Materials and m e t h o d s  were as descr ibed above wi th  the  
fol lowing changes.  Sixteen male Wistar  rats received bi- 
lateral  6 -OHDA lesions of the dorsal  NA b u n d l e  and eleven 
rats served as sham ope ra t ed  controls .  Tra in ing  on a CRF  
schedule  was in i t i a ted  two weeks af ter  the  lesions.  Fol- 
lowing the  CRF  sessions, the  rats were gradual ly  t ra ined on 
increasing fixed ra t io  schedules  unt i l  t hey  learned to 
r e spond  on a FR 30 schedule .  This schedule  c o n t i n u e d  to 
be in effect  for 30 rain per  day on  Mondays  t h r o u g h  
Fr idays  for a p p r o x i m a t e l y  4 weeks. U p o n  c o m p l e t i o n  of  
behavioura l  tes t ing the  animals  were killed by  cervical 
f rac ture  and the  h i p p o c a m p u s  and  cerebral  cor tex  were 
dissected ou t  on  ice. The c o m b i n e d  tissues were assayed for 
NA [ 1 4 ] .  

Data  were ana lyzed  s ta t i s t ica l ly  using a r epea ted  mea- 
sures two-way  analysis  of  variance and S t u d e n t ' s  t - test .  

R E S U L T S  

Variable In terval  30 

The mean  n u m b e r  of  bar  presses for  the 2 groups  over 
the 8 days of  acquis i t ion  t ra in ing  on  the  CRF  schedule  are 
presen ted  in Fig. 1. No s ta t is t ica l ly  s ignif icant  d i f ferences  
be tween  the groups  were observed.  
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FIG. 1. Effect of lesions of the dorsal tegmental NA bundle on the 
acquisition of a bar-pressing response for food on a continuous 
reinforcement schedule. Each point represents the average daily rate 
of responding O SEM) for control (n = 16) and lesioned (n = 16) 

groups. 

The mean  n u m b e r  of  par  presses on the VI 30 schedule  
are p re sen ted  in Fig. 2. The  p lo t t ed  poin ts  in this  figure 
each rep resen t  the  m e a n  of  th ree  30 rain sessions ob t a ined  
over consecut ive  3-day periods.  The con t ro l  group showed a 
signif icant  increase in the rate of  r e spond ing  over days, 
whereas  dorsal NA b u n d l e  lesioned animals  did not .  This 
d i f ference in r e spond ing  be tween  con t ro l s  and dorsal NA 
bund le  les ioned animals  was s ignif icant  ( p < 0 . 0 0 5 ) .  

As shown in Fig. 3, the  wi thdrawal  of  food  reward 
dur ing the  4 days of  e x t i n c t i o n  resul ted in s ignif icant  
decreases in ope ran t  r e spond ing  ( p < 0 . 0 0 1 ) .  The groups did 
not  differ  s ignif icant ly  in the  n u m b e r  of  responses  emi t t ed  
on any of  the  ex t inc t i on  days. 

The dordal  NA bund le  lesions reduced  h ippocampa l -  
cort ical  NA to 4.7% of  the  con t ro l  values (con t ro l s  --- 0.43 
0.03 ug/g;  dorsal  NA bund le  lesions = 0.02 + 0 .002  ug/g).  
A l t h o u g h  no t  measured  in the present  e x p e r i m e n t s  in 
previous work  we found  tha t  ident ical  6-OHDA lesions of  
the dorsal NA bund le  did not  s ignif icant ly  affect  str iatal  
DA levels [ 19] .  

Fixed  Ra t io  30 

The mean  n u m b e r  of  bar  presses emi t t ed  daily by each 
group on  the  FR 30 schedule  are presented  in Fig. 4. Each 
point  represents  the mean  of  3 daily 30 rain sessions 
ob ta ined  over consecut ive  days. A l though  there  was an 
overall t e n d e n c y  for  the lesioned animals  to respond  at 
higher  rates than  the cont ro l s ,  this t rend  failed to reach 
stat ist ical  s ignif icance (p = 0 .087) .  Despi te  the absence  of  
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FIG. 2. Effect of lesions of the dorsal tegmental NA bundle on the 
rate of responding for food on a VI 30 schedule. Each point 
represents the average daily rate of responding (_+ SEM) over 3 days 

for control (n = 16) and lesioned (n = 16) groups. 
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FIG. 3. Effect of lesions of the dorsal tegmental NA bundle on 
extinction of a bar-pressing response. Before extinction the groups 
had been responding on a VI 30 schedule of reinforcement (Fig. 2). 
Each point represents the average daily rate of responding (+_ SEM) 

of control (n = 16) and lesioned (n = 16) groups. 

s tat is t ical  s ignif icance w h e n  all da ta  po in t s  were inc luded  in 
the analysis,  the  les ioned rats  did r e spond  s igni f icant ly  
more  t han  con t ro l s  on  each of  the  last  3 days of  the  
expe r imen t ,  Days 1 6 - 1 8  ( p < 0 . 0 5 ) .  

For  con t ro l s ,  the  m e a n  NA c o n t e n t  of  h i p p o c a m p u s  plus 
cor tex  was 0.42 _+ 0.02 , g / g .  The  m e a n  value for  the  
lesioned group was 0.01 ± 0.001 ~g/g, which  represen ts  a 
s ignif icant  r e d u c t i o n  to  a p p r o x i m a t e l y  2% of  con t ro l  values 
( p < 0 . 0 0 1 ) .  

D I S C U S S I O N  

In the p resen t  expe r imen t s ,  rats wi th  DTNB lesions were 
found  to  r e spond  at s igni f icant ly  lower  rates t han  con t ro l s  
on a VI 30 schedule .  This ef fec t  was to some e x t e n t  due  to 
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FIG. 4. Effect of lesions of the dorsal tegmental NA bundle on the 
rate of responding for food on a FR 30 schedule. Each point 
represents the average daily rate ofresponding (-+ SEM) over 3 days 

for control (n = 11) and lesioned (n = 16) groups. 

the  fact t ha t  the  les ioned group  did no t  s igni f icant ly  
increase its ra te  of  r e spond ing  dur ing  the  last 18 days of  the  
e x p e r i m e n t  (Fig. 2), while  the  con t ro l  an imals  increased 
the i r  rates  of  r e spond ing  by 33% dur ing  this  per iod.  By the  
end of  the  e x p e r i m e n t  the  les ioned animals  were r e spond ing  
at an average of 12 r e sponses /min  while the  con t ro l s  
pe r fo rmed  at a p p r o x i m a t e l y  20 r e sponses /min .  Schoenfe ld  
and Ure t sky  [23]  r epo r t ed  tha t  i n t r aven t r i cu la r  in jec t ions  
of 6-OHDA, which  reduced  whole  b ra in  levels of  NA and 
DA to 12 and 21 pe rcen t  of  con t ro l  levels respect ively,  
s ignif icant ly  increased the  ra te  of r e spond ing  for  wate r  on  a 
VI 90  schedule .  A l t h o u g h  the  many  di f ferences  be tween  
the p resen t  s tudy  and  t ha t  r epo r t ed  by  Schoenfe ld  and 
Ure t sky  [23]  make  direct  compar i sons  diff icul t ,  our  
observa t ions  suggest t ha t  the  increased r e spond ing  observed 
in the  la t te r  s tudy  was due to damage to ca t echo l amine  
con ta in ing  neu rons  o the r  t han  the  dorsal t egmen ta l  NA 
pro jec t ion .  This suggest ion is suppo r t ed  by  a s u b s e q u e n t  
c o m m u n i c a t i o n  by Schoenfe ld  and  Z igmond  [24]  in which  
it was r epo r t ed  t ha t  selective 6 -OHDA induced  dep le t ions  
of b ra in  DA p roduced  similar ra te- increasing ef fec ts  on  a VI  
90 schedule  as did dep le t ion  of  b o t h  NA and DA. 

These  cons ide ra t ions  argue the re fo re ,  for  a dop-  
aminergical ly  med ia t ed  increase in r e spond ing  on  a VI  90 
schedule  af ter  i n t r aven t r i cu la r  6-OHDA. In this  regard, 
there  is cons iderab le  evidence ind ica t ing  tha t  ascending  
dopaminerg ic  p ro jec t ions  are cri t ically involved in the  
in i t i a t ion  and  m a i n t e n a n c e  of  ope ran t  r e spond ing  [4, 6, 7, 
20] .  The fact  tha t  near  comple t e  lesions of  these  dop-  
aminergic  sys tems  d is rupt  ope ran t  behav iou r  [7] while 
Schoenfe ld  and coworker s  [23 ,24]  observed increases in 
rates of r e spond ing  af te r  part ial  6 -OHDA lesions is con-  
s is tent  wi th  the i r  suggest ion tha t  the  r emain ing  ca techol-  
amine  stores toge the r  wi th  the  d e v e l o p m e n t  of  post-  
j u n c t i o n a l  supersens i t iv i ty  may  have been  responsible  for  
the i r  behavioura l  observa t ions .  It is possible tha t  the  
c o n c o m i t a n t  damage to the  dopaminerg ic  sys tems masked  
any ra te-decreas ing effects  on  VI r e spond ing  which  may  
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have resulted from extensive damage to the dorsal teg- 
mental NA projection alone. 

Kety [lo] and Crow and Arbuthnott [ 51 have in- 
dependently suggested that the dorsal tegmental NA bundle 
is an important neural substrate of learning and long-term 
memory. In support of this hypothesis, Anlezark, Crow and 
Greenway [2] reported that animals with electrolytic 
lesions of the locus coeruleus, which depleted cortical NA 
by 7 1% failed to acquire a food-reinforced running response 
in an L-shaped maze. These observations were not con- 
firmed by others however [ I, 15, 2 I] and it appears that 
rats will learn a variety of tasks in the virtual absence of 
telencephalic NA [S] . The present results showing an 
unimpaired acquisition of the bar-pressing response on the 
CRF schedule in the lesioned animals again point to the 
nonessential role of this system in learning and memory. In 
fact, it could be argued from the results of the FR 30 and 
VI 30 experiments that lesioned animals were more 
sensitive to the conditions of reinforcement. Thus, in the 
FR 30 condition, where the amount of reinforcement was 
related directly to the number of bar presses, the lesioned 
animals tended to respond at higher rates than controls. On 
the other hand, in the VI 30 situation where the number of 
reinforcements was not directly related to the number of 
bar presses, the lesioned group worked more efficiently by 
responding significantly less than controls and yet receiving 
the same number of reinforcements (58 out of a possible 60 
for both groups on the last 12 days of the experiment). 

The extinction curves for the control and dorsal NA 
bundle lesioned groups were virtually identical (Fig. 3), 
again indicating that these lesions did not impair learning. 
These results do not lend support to a recent report by 
Mason and Iversen [ 161 in which it was observed that while 
rats with dorsal NA bundle lesions acquired a lever pressing 
response on a CRF schedule at a rate which was not 
different from controls, the lesioned animals were sig- 
nificantly slower to extinguish than controls. In the present 
experiments, extinction was not studied after CRF re- 
sponding. The failure to observe changes in extinction after 
VI 30 responding suggests however, that the impaired 
suppression of responding during extinction observed by 
Mason and Iversen [ 161 may not be a general phenomenon 
which can be demonstrated under a variety of experimental 
conditions. 

PRICE, MURRAY AND FIBIGER 

Peterson and Sparber [ 181 reported that intraventricular 
injections of 6-OHDA, which depleted NA in the cerebral 
hemispheres by about 60%, produced a long-lasting (5 
month) increase in responding for food on an FR 30 
schedule. One month after the intraventricular injections, 
the 6-OHDA treated animals responded 16% faster than 
controls while 3 months after the injections their rate was 
33% greater than controls. In the present experiments, 
stereotaxic injections of 6-OHDA into the dorsal NA 
bundle produced near complete reductions (98%) in hippo- 
campal-cortical NA. These lesions resulted in a rate of 
responding on an FR 30 schedule which was approximately 
20% greater than that of the controls. However, this 
apparent increase in the rate of responding failed to reach 
statistical significance until the last 3 days of the ex- 
periment. Clearly, additional experiments will be required 
to determine the reliability and validity of this observation. 
It is noteworthy however that the increase in responding 
observed by Peterson and Sparber [ 181 did not reach 
statistical significance until 3 months after the intra- 
ventricular injections. It is possible therefore, that greater 
differences between the groups in the present experiment 
may have emerged if testing had been continued to 3 
months. 

At present, the reasons for the differing effects of dorsal 
NA bundle lesions on VI 30 and FR 30 responding remain 
obscure. It is noteworthy that these two schedules generate 
very different response rates (compare Figs. 2 and 4) and 
this may have had a bearing on the results. It appears most 
unlikely that the significantly reduced rates of responding 
found in the experimental group on the VI 30 schedule 
resulted from lesion-induced motor deficits. The motor 
output was considerably greater on the FR 30 schedule and 
if the DTNB lesions did result in some form of motor 
impairment then this should have been particularly evident 
in the FR 30 experiment. 
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