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MASON, S. T. AND S. D. 1VERSEN. Behavioural basis of the dorsal bundle extinction effect. PHARMAC. BIOCHEM. 
BEHAV. 7(4) 373-379, 1977. - Lesion to the fibres of the dorsal noradrenergic bundle arising from the locus coeruleus 
using the selective neurotoxin 6-hydroxydopamine has been shown to produce a resistance to extinction on a number of 
behavioural tests without affecting the acquisition learning process itself. The experiments reported here are aimed at 
elucidating the behavioural mechanisms involved in this resistance to extinction. Theories invoking general hyperactivity, 
internal inhibition and perseveration are tested in the following experiments and all are shown to be contrary to the 
observed facts. On the basis of other data it is tentatively concluded that the dorsal noradrenergic bundle may play a role 
in the filtering out of irrelevant stimuli or in the memory of non-reward. 
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A R O L E  for noradrenal ine (NA) has been suggested in 
learning processes [9 ,17] ,  with a specific NA pa thway 
ident i f ied as the dorsal noradrenergic bundle arising f rom 
cell bodies in the locus coeruleus [21,45] and innervating 
wide areas of  the cor tex  and l imbic forebrain.  The 
coeruleo-cort ical  [ 10,11] model  of  learning predicts  that  
lesion to the locus coeruleus or  the dorsal noradrenergic 
bundle should impair  all types of learning [3 ],  since the NA 
pathway is seen as a general r e in forcement  media tor ,  
necessary for all types of  long-term memor ies  to be laid 
down.  Direct  tests of  the coeruleo-cort ical  mode l  of  
learning by lesion to the locus coeruleus or the fibres of  the 
dorsal bundle have failed to implicate NA in learning in any 
general sense [1, 16, 25, 26, 27, 37, 39] .  However ,  
al terat ions in behaviour  do occur  after  6 - O H D A  lesion to 
the dorsal bundle in that  these animals are resistant to 
ex t inc t ion  [25, 26, 27] and cont inue responding in the face 
of  nonreward  longer than controls .  Resistance has been 
found in ex t inc t ion  of  a food rewarded runway response 
[25] ,  a CRF operant  response [26, 43 ] ,  a complex  m o t o r  
manipulat ive response [27] ,  a go/no-go al terat ion task 
[4.4], in ex t inc t ion  of  a f ixed interval [28] and in 
ex t inc t ion  of  a one-way [4] and a two-way [32] active 
awgidance paradigm. 

The ex t inc t ion  effect  cannot  be due to a general learning 
impai rment  so o ther  behavioural  mechanisms will have to 
be postulated.  The work repor ted  here is designed to test 
some of these possibilities. One suggestion might  be that  
the; lesioned animals are simply hyperact ive  and so show 
increased responding in ext inc t ion .  The simple hyperact i -  
vity mechanism would,  of  course, suggest that  increased 
responding should be seen in acquisi t ion as well, which is 
not  the case. Nonetheless,  an easy test of  this hypothes is  
would be to measure the l o c o m o t o r  act ivi ty and open field 
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activity of  the lesioned rats. A second possibili ty,  analogous 
to that  suggested in the case of  the resistance to ex t inc t ion  
seen after  surgical lesion to the h ippocampus  [14 ,18] ,  
might  be that the dorsal bundle lesioned rats suffer f rom a 
defici t  in internal inhibi t ion and cannot  wi thhold  a res- 
ponse. It would  be predicted that  acquisi t ion of  a DRL 
(differential  re inforcement  of  low rates of  responding) 
schedule should be deficient  in the lesioned rats. A similar 
mechanism has been suggested [34] to explain the reduced 
pos t - re inforcement  pause found in NA depleted rats on a 
FR  (fixed rat io)  schedule.  

A related but conceptual ly  different  mechanism might  
be a perseverative deficit.  That  is, a l though the lesioned rats 
have the capabil i ty to inhibi t  responding, they are slow to 
change f rom the previously p repo ten t  response strategy 
when this is required.  To test it would  be necessary to 
establish a high rate of  responding prior  to DRL training (as 
immedia te  acquisi t ion of  a DRL task might  no t  reveal a 
perseverative tendency on its own),  which could be done by 
ex tended  CRF training, amongst  o ther  ways. 

METHOD 

Cateeholamine Depletion Techniques 

Two different  techniques  for deplet ing cort ical  and 
h ippocampal  NA were used, the intracerebral  inject ion of  
6 - O H D A  into  the fibres of  the dorsal bundle in adult  rats 
[25, 26, 27, 37] and the peripheral  inject ion of  6-OHDA 
into the neonatal  rat pup [7 ,42] .  Recent ly  the use of  
6 - O H D A  has been quest ioned as to its specificity of  act ion 
on ca techolamine  systems [5, 15, 20, 35] .  Since even if the 
appropriate  concent ra t ion  and vo lume of 6 - O H D A  is used 
for intracerebra! inject ion a very small region of  nonspecif ic  
damage will occur  at the tip of the cannula [40 ,46] .  In 
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order to control  even for this small amount  of  nonspecific 
damage a second adminis t ra t ion technique,  the neonatal  
peripheral 6 - O H D A  was used [7, 26, 27, 42] which 
produces the same pat tern of central ca techolamine  deple- 
tion but comple te ly  different  nonspecif ic  effects [33] .  
Thus, any behavioural  effect  c o m m o n  to these two prepa- 
rations must  be due to the only biochemical  al terat ion 
present in both,  namely the deplet ion of  cortical  and 
h ippocampal  NA. (For  further  discussion of  this po in t  see 
[271). 

Dorsal Bundle Technique {DB) 

Male albino rats weighing approximate ly  200 g were 
anaesthetised with Equithesin (3 ml/kg) ,  posi t ioned in a 
Kopf  s tereotaxic apparatus, and the skull exposed.  The 
head was levelled, two holes were drilled in the skull and a 
30-gauge cannula lowered bilaterally to the fol lowing 
coordinates  taken from Konig and Klippel [19] - 6 mm 
from bregma, 0.8 mm lateral f rom the midline and 5 mm 
below dura. In the case of  the lesioned rats, 8 micrograms 
of  6 - O H D A  base dissolved in 2 ~1 of  0.9% saline with 1 
mg/ml  ascorbic acid ant ioxidant  were infused at the rate of  
1 microl i t re  per minute  over 2 m i n ;  control  animals 
received ascrobic-saline inject ion of the same volume but  
not  containing any 6 - O H D A .  The cannula was left  in place 
for a fur ther  1 min to allow diffusion of  the drug and then 
withdrawn and the skin sutured. The animals were then 
allowed two weeks recovery before behavioural  testing 
commenced .  

Neonatal Peripheral Technique (NPT) 

Male albino rat pups were injected intraperi toneal ly with 
100 mg/kg  6 - O H D A  base dissolved dissolved in 0.9% saline 
with 1 mg/ml  ascorbic acid ant idoxidant  on Days 1 ,3 ,  5, 7, 
9 and 11 after birth. Controls  received an equal  volume of 
ascorbic-saline wi thout  any 6 - O H D A  dissolved in it. This 
me thod  has been found [7,42] to produce effect ively a 
lesion to the dorsal noradrenergic bundle since brain 
dopamine (DA) and hypotha lamic  NA are not  affected.  
These animals do, however ,  have a permanent  peripheral 
sympa thec tomy [7] .  The animals were left  to grow to 
matur i ty  and behavioural  testing started at three months  of 
age. 

Assay o f  Catecholamines 

Fol lowing comple t ion  of  behavioural  testing the animals 
were sacrificed by decapi tat ion and their  brains assayed for 
NA and DA to conf i rm the adequacy and pat tern of  amine 
deplet ions obtained.  The DB rats were sacrificed three 
months  after surgery and the NPT rats six months  after 
t rea tment ,  both  groups thus being aged about  six months  at 
the t ime of assay. Fol lowing decapi ta t ion the brain was 
rapidly removed from the skull and dissected on ice into 
the fol lowing regions [27] ,  cor tex,  h ippocampus,  hypo-  
thalamus, striatum, brainstem and cerebellum, which were 
then weighed and homogen ized  in 0.1 N perchloric acid. 
These homogenates  were then assayed for NA and DA by a 
sensitive radioenzymat ic  me thod  modif ied  from Cuello, 
Hiley and Iversen [12] and Coyle and Henry [8] .  This 
me thod  is based on the conversion of  catecholamines  to 
their O-methyl  derivatives in the presence o f  tr i t iated 
S-adenosyl meth ion ine  and the enzyme catechol  O-methyl  
transferase. 

E X P E R I M E N T  1 

The internal  inhibi t ion hypothesis  of  the dorsal bundle 
ex t inc t ion  effect  predicts an inabili ty to withhold or inhibit  
a response if this is required by the behavioural  task. A 
DRL schedule would be such a si tuation and the DB and 
NPT preparat ions were examined  on the acquisit ion of  this 
task in the fol lowing exper iment .  L o c o m o t o r  activity tests 
of the hyperact iv i ty  explanat ion,  in photocel l  cages and in 
an open field, are also briefly reported.  

Animals 

DB control  n = 9, t reated n =  9, NPT control  n = 10, 
treated n = 10. Prior to DRL training all the DB and NPT 
animals, both  t reated and controls,  had received identical 
training in a ball-in-the-tunnel si tuation,  the details and 
results of  which are repor ted  elsewhere [27] .  

Behavioural Methods 

DB and NPT animals were reduced to 90% of their 
free-feeding weight and fed 15 g of food per day after the 
operant  test session. Water was available ad lib. Testing was 
carried out  in Campden Instruments  Skinner boxes,  con- 
structed of  heavy duty a luminum with two levers project ing 
1.6 cm from the front  wall. Approximate ly  15 g force was 
required to depress ei ther lever to produce contac t  closure 
and throughout  this and the subsequent  exper iment  the 
right lever was not  in use and had no behavioural  
consequences.  Re in fo rcement  was delivered by an auto- 
matic feeder  and was one 45 mg Noyes  nutr ient  pellet. The 
schedule was programmed and data col lected by an on-line 
compute r  (Compute r  Technology Ltd.).  The animals were 
lever shaped by being given one ten-min session to explore 
the apparatus with the re inforcement  tray overflowing with 
food pellets. On the next  day a food pellet  was delivered 
every t ime the animal inserted its head into the reinforce- 
ment  tray. A fif teen-min session was allowed. On the next  
day food pellets were affixed to the left  lever with 
Celophane tape and the feeder  p rogrammed to deliver one 
food pellet  every time the lever was depressed (CRF).  A 
25 min session was given. At the end of this all animals had 
learned to lever press to some extent  and were then placed 
for subsequent  days onto  the DRL 15 sec schedule. This 
meant  that  the animal had to wait for at least 15 sec after 
the last lever press before another  lever press would be 
rewarded. A lever press before the 15 sec DRL interval had 
elapsed reset the time and so pos tponed  reward. Sessions 
lasted 25 rain and testing cont inued for 21 days. Three 
measures were recorded for each animal, the number  of 
rewards obtained,  the number  of lever presses emi t ted  and 
the percentage reinforced responses. The lat ter  was calcu- 
lated by dividing the number  of rewards by the number  of 
responses and mult iplying by one hundred.  L o c o m o t o r  
activity was measured both satiated and 2 4 h r  food- 
deprived in photocel l  activity cages for 70 min for DB and 
NPT animals and in an open-field apparatus for 21 min for 
NPT animals. 

Results 

The number  of re inforcements  obtained by DB and NPT 
animals over the 21 days of  DRL acquisit ion are shown in 
Fig. 1. At the end of the DRL acquisi t ion period all animals 
had acquired the response pat tern,  were performing at 
about  35% and obtaining about  40 re inforcements  per 
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FIG. 1. Left: Mean number of reinforcements per session obtained by DB animals during the 21 sessions of DRL acquisition (without CRF 
pretraining). Right: As on left, but for NPT animals. 

T A B L E  1 

DORSAL BUNDLE: VALUES ARE MEANS WITH STANDARD ERROR OF THE MEAN IN NG/GM WET 
WEIGHT OF TISSUE 

Control Treated % t statistic 
(n=9) (n=7) 

Noradrenaline 
Hippocampus 284 _+ 72 53 --- 15 18.7 2.77* 

Hypothalamus 796_+ 110 327 --- 86 41.1 3.20? 

Cortex 252 _ 32 40 --- 12 16.2 5.57:~ 

Cerebellum 213 - 20 171 _ 20 80.4 1.46 

Dopamine 

Hypothalamus 351 _+ 63 275 --+ 27 78.4 1.00 

Cortex 105 - 21 73 __- 22 69.7 1.04 

Striatum 5314 _+ 673 7388 --- 808 139.0 1.98 

Two treated animals in this group died between DRL testing and subsequent activity test- 
ing/biochemical assay. 

The lower limit of accurate measure of noradrenaline for this and subsequent tables was 50 ng/gm 
tissue [26]. 

*Significant at 5% level 
tSignificant at 1% level 
~Significant at O. 1% level 

se,;sion. Nei ther  DB nor  NPT rats showed  any sign of  s lower 
acquisi t ion than  contro ls .  Both  les ioned groups were 
capable of  inhibi t ing response  emission over the 15 sec 
DRL interval to the same ex t en t  as their  vehicle controls .  A 
two fac tor  analysis o f  variance with repeated  measures  on 
one  factor ,  days,  was carried out  and showed  no  d i f ference  

be tween  the t rea ted  and cont ro l  rats o f  e i ther  DB or NPT 
groups on any of  the  three  measures  of  D R L  per fo rmance .  
(All F ratios less than  1.0). No di f ference  was found  in 
baseline l o c o m o t o r  activity,  e i ther  in the pho toce l l  activity 
cages or in the  open-f ie ld for  e i ther  the DB or NPT groups.  
(All F ratios less than 1.5.) 
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T A B L E  2 

NEONATAL PERIPHERAL TREATMENT: REGIONAL CONCENTRATIONS OF AMINES; VALUES ARE 
MEANS IN NANOGRAMS PER GRAM TISSUE WITH STANDARD ERROR OF THE MEAN 

Control Treated % t statistic 
(n= 10) (n= 10) 

Noradrenaline 

Hippocampus 374 _+ 48 23 _+ 6 6.2 7.2:~ 

Hypothalamus 756 _+ 97 843 _+ 146 112 0.49 

Cortex 238 _+ 24 6 -+ 9 2.5 9.0:~ 

Cerebellum 247 _+ 37 29 _+ 26 11.7 4.85 

Brainstem 185 _+ 53 343 _+ 29 184 2.6* 

Dopamine 

Hypothalmus 361 +_ 152 339 _+ 87 94 0.12 

Cortex 143 _+ 97 163 _+ 58 114 0.17 

Striatum 4310 +- 540 4639 _+ 496 107 0.65 

Brainstem 40_+ 15 58 -+ 18 145 0.76 

*Significant at 5% level. 
tSignificant at 1% level. 
$Significant at 0.1% level. 

Biochemical Assay 

The b iochemica l  assay data  for  the  DB animals  and  the i r  
con t ro l s  are p resen ted  in Table 1 and  for  the  NPT in 
Table 2. These assays c o n f i r m e d  tha t  the  DB and  the  NPT 
animals  had  suffered extensive  loss of NA from the  cor tex  
and  h i p p o c a m p u s ,  wi th  no  a l te ra t ion  in bra in  DA. The DB 
animals  also showed  some loss of h y p o t h a l a m i c  NA bu t  the  
NPT animals  were spared this  damage.  

Discussion 

Since no  di f ferences  in l o c o m o t o r  act ivi ty were de tec ted  
in any of  the  act ivi ty tests  used the s implest  exp l ana t ion  of 
the dorsal bund le  e x t i n c t i o n  effect ,  t ha t  of  hyperac t iv i ty ,  
can be convinc ingly  ruled out .  

The in te rna l  i nh ib i t i on  h y p o t h e s i s  of  the dorsal  bund le  
e x t i n c t i o n  ef fec t  p red ic ted  t ha t  the  les ioned animals  would  
be impai red  in the  suppress ion  or w i thho ld ing  of  a 
response,  and  so would  be expec t ed  to have dif f icul ty  in 
acquir ing the  DRL which  requires  the  inh ib i t i on  of  re- 
sponding .  This p red ic t ion  was direct ly  tes ted  in the  cu r ren t  
e x p e r i m e n t  for  b o t h  the DB and  the  NPT NA deple ted  
p repa ra t ions  and  ne i the r  showed  any di f f icul ty  in learning 
to inh ib i t  r e spond ing  in order  successful ly to acquire a DRL 
response pa t t e rn .  It is no t  possible to argue t ha t  the  
negative f indings  on  this  task were due to i nadequa t e  NA 
lesions, since no t  on ly  do the b iochemica l  da ta  show 
extensive  dep le t ions  but  the  selfsame animals  t ha t  failed to 
differ  f rom cont ro l s  in the acquis i t ion  of  the  DRL schedule  
showed  a m a r k e d  resis tance to e x t i n c t i o n  in a m o t o r  
man ipu la t ive  task [ 2 7 ] .  Thus,  there  are s i tua t ions  in which  
DB and  NPT animals  show un impa i r ed  response  inh ib i t ion  
and so a general  failure of in te rna l  i nh ib i t i on  c a n n o t  explain  
the  resis tance to e x t i n c t i o n  seen in these animals.  A n o t h e r ,  
logically dis t inct ,  mechan i sm of  persevera t ion  is tes ted  in 
the  fol lowing expe r imen t .  

EXPERIMENT 2 

In o rder  to  es tabl ish  a p r e p o t e n t  response  t e n d e n c y  DB 

animals  were lever shaped (as descr ibed in E x p e r i m e n t  1) 
and  then  placed on  a p ro longed  per iod  of  CRF t ra in ing  
before  being placed on  the  DRL schedule .  This means  tha t  
a t e n d e n c y  towards  the emiss ion of high rates of  r e spond ing  
exists pr ior  to  t ransfe r  to a n o t h e r  schedule ,  DRL,  which  
requires  suppress ion  of r e spond ing  for  the DR L interval .  

CRF pre t ra in ing ,  r a the r  t han  a h igher  order  schedule ,  
was chosen  since it is k n o w n  tha t  DB and NPT animals  
differ  marked ly  f rom con t ro l s  in the response  rates  emi t t ed  
on at least  some h igher  order  schedules.  It  has  been  shown 
[34]  t ha t  NPT animals  respond  cons iderab ly  more  rapidly 
on  a F R  30 t han  cont ro ls ,  and this has  been  con f i rmed  for  
DB animals  as well [ 3 6 ] .  DB animals  also respond  
d i f ferent ly  to  con t ro l s  on VI schedules  [ 3 6 ] .  Thus,  the  use 
of  h igher  order  schedules  to  genera te  h igh response  rates 
pr ior  to t ransfe r  to DRL a lmost  cer ta in ly  would  have 
p roduced  basel ine d i f ferences  which would  have rendered  
the  s u b s e q u e n t  t r ans fe r  un in t e rp re t ab l e .  Ne i the r  DB nor  
NPT animals  differ  f rom cont ro l s  on  a CRF schedule  
[ 2 6 , 4 3 ] .  Fu r the r ,  th is  CRF  pre t ra in ing  has  been  shown 
[6 ,38]  to  be effect ive in p roduc ing  a defici t  in s u b s e q u e n t  
DRL acquis i t ion  in h i p p o c a m p a l l y  lesioned rats. 

Behavioural Method 

DB animals  were p repared  as previously  descr ibed (DB 
con t ro l  n = 10, t r ea ted  n = 10). They  were reduced  to 90% 
of  the i r  f ree-feeding weight  and  ma in t a ined ,  as before ,  on  
15 g of food  per  rat  af ter  each day ' s  ope ran t  tes t ing session. 
Af te r  lever shaping in the Sk inner  boxes  as descr ibed in 
E x p e r i m e n t  1, they  were t ra ined  on  a CRF schedule  for  the  
fol lowing 15 days, each daily session last ing 25 rain and 
only  on  Day 16 were they placed on  the  DRL schedule  
descr ibed in E x p e r i m e n t  1. There  was no  cue available to 
the an imal  to indica te  tha t  the schedule  had  changed  f rom 
CRF to DRL. DRL acquis i t ion  then  c o n t i n u e d  for  the  nex t  
25 days. 

Results 

The acquis i t ion  of  CRF occur red  wi th  equal  rap id i ty  for  
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FIG. 2. Mean number of reinforcements per session obtained by DB 
animals during the 25 sessions of DRL acquisition which followed 

15 days training on CRF. 

b o t h  t r ea ted  and  con t r o l  animals  in the  group.  This 
con f i rms  the  lack of  any i m p a i r m e n t  on  CR F  acquis i t ion  
r epo r t ed  by  prev ious  au t ho r s  for  this  p r epa r a t i on  [26 ,43  ].  
A two  fac to r  analysis  of  var iance  wi th  r epea ted  measures  on  
one  fac tor ,  days,  showed  no  s ignif icant  d i f fe rence  b e t w e e n  
the  les ioned and  con t ro l  animals .  

(DB b e t w e e n  groups  F ( 1 , 1 8 )  = 0.53,  NS.)  
When t rans fe r red  to the  DRL schedule  the  DB rats 

d i f fered  f rom the i r  vehicle  con t ro l s  in showing  more  rapid  
acquis i t ion  of  this  schedule .  The  th ree  measures  recorded ,  
n u m b e r  of  lever presses, n u m b e r  of  r e i n fo r ce men t s  and  
pe r cen t  r e in fo rced  response  all t e n d e d  to  show b e t t e r  
acquis i t ion  by  the  DB les ioned rats,  a l t h o u g h  some indivi- 
dual  measures  fell shor t  of  s ignif icance at  the  5% level. Over  
the  first ha l f  of  the  DRL acquis i t ion  fo l lowing CRF  
p re t r a in ing  the  DB rats emi t t ed  fewer  lever responses,  
o b t a i n e d  more  rewards  and  showed  a h igher  pe rcen t  
r e in forced  responses  measure  t han  the i r  cont ro l s .  This  
ef fec t  was par t icu la r ly  no t i ceab le  in the  n u m b e r  of  rein- 
f o r c e m e n t s  ob t a ined  by the  DB animals  which  d e m o n -  
s t r a t ed  a h igher  reward  rate  t han  the i r  con t ro l s  for  a lmos t  
all the  25 days of  acquis i t ion  (Fig. 2). A two fac to r  analysis 
of  var iance  wi th  r epea ted  measures  on  one  fac to r  days  was 
carr ied ou t  on  the  data .  

Lever responses:  
DB, i n t e r ac t i on  F ( 2 4 , 3 4 2 )  = 1.55, p < 0 . 0 5  

Re in fo r cemen t s :  
DB, b e t w e e n  groups  F ( 1 , 1 8 )  = 5.44, p < 0 . 0 5  

Percent  r e in forced  responses :  
DB, be tween  groups  F ( 1 , 1 8 )  = 2.96,  p < 0 . 1 0 ,  NS. 

Biochemical Results 

The results  of  the  b iochemica l  assay of  bra in  ca techo-  
lamines  are p re sen ted  in Table  3 for  the  DB animals  and  
the i r  vehicle cont ro l s .  Again,  severe dep le t ions  of  cor t ica l  
and  h i p p o c a m p a l  NA were achieved wi th  no  a l t e ra t ion  of  
bra in  DA. 

Discussion 

The DB rats  showed  no  i m p a i r m e n t  in the  acquis i t ion  of  
the  DRL schedule  despi te  heavy  p re t r a in ing  on  CRF pr ior  
to  t rans fe r  to  DRL.  This  is clearly con t r a ry  to the  
perseverat ive  h y p o t h e s i s  of  the  res is tance to  e x t i n c t i o n  seen 
af te r  dorsal b u n d l e  lesions.  In fact  a s t rong h i n t  of  
improved  acquis i t ion  emerged  for  the  DB group  fol lowing 
CRF  pre t ra in ing .  Despi te  cons iderab le  t ra in ing  on  the  h igh  

T A B L E  3 

DORSAL BUNDLE: REGIONAL CONCENTRATIONS OF AMINES; VALUES ARE MEANS IN NANO- 
GRAMS PER GRAM TISSUE WITH STANDARD ERROR OF THE MEAN 

Control Treated % t statistic 
(n = 10) (n= 10) 

Noradrenaline 

Hippocampus 256 -+ 50 28 _ 21 11 4.2:~ 

Hypothalamus 752 _+ 91 306 _+ 96 40.6 3.3t 

Cortex 265 _+ 49 37 _+ 6 14.2 4.6~ 

Cerebellum 207 --- 18 197 --- 25 95.3 0.32 

Dopamine 

Hypothalamus 164 _+ 114 195 _+ 83 118 0.22 

Cortex 146 + 30 116 - 28 79.5 0.73 

Striatum 5364 -+- 597 7246 _ 1005 135 1.61 

*Significant at 5% level. 
tSignificant at 1% level. 
~Significant at 0.1% level. 
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rates  of  r e spond ing  engende red  by  CR F  pre t ra in ing  the  DB 
group did no t  persevera te  in this  h igh response  rate w h e n  
t rans fe r red  to the  DRL schedule .  In fact  this  CRF  
pre t ra in ing ,  r a the r  t han  impai r ing  s u b s e q u e n t  D RL acquisi- 
t ion ,  as would  be p red ic ted  by  the  perseverat ive  hypo thes i s ,  
ac tua l ly  appea red  to help the  les ioned rats  achieve a 
DRL response  pa t t e rn .  Tha t  th is  benef ic ia l  e f fec t  in 
E x p e r i m e n t  2 is due to the  C RF  pre t ra in ing  and is no t  
intr insic  to  the  DRL schedule  is shown  by  the  lack of 
super ior i ty  of  the  les ioned rats  in E x p e r i m e n t  1 in which  n o  
p re t ra in ing  was given. Thus,  the  perseverat ive  hypo thes i s  of  
the  dorsal  bund le  e x t i n c t i o n  ef fec t  m u s t  be re jec ted  on  the  
basis of  the  p resen t  data.  

G E N E R A L  DISCUSSION 

The  first po in t  to  emerge f rom the  preceding  experi-  
m e n t s  is tha t ,  con t r a ry  to the  p red ic t ion  of  the  coeruleo-  
cor t ical  m o d e l  [9, 10, 11, 17] of  learning,  near  to ta l  
des t ruc t ion  of  the  dorsal  noradrenerg ic  bundle ,  using two 
d is t inc t  t echniques ,  the  DB and  the  NPT prepara t ions ,  did 
no t  impa i r  acquis i t ion  learning in any  general  way. The 
DRL acquis i t ion  of  b o t h  the  DB and the  NPT rats  in 
E x p e r i m e n t  1 did no t  differ  f rom cont ro l s ,  no r  did the  CRF 
acquis i t ion  in E x p e r i m e n t  2. In fact ,  de s t ruc t i on  of the  
dorsal noradrenerg ic  bund le  seemed to enhance  learning of  
a DRL task if this  had  been  preceded  by CRF pre t ra in ing  in 
E x p e r i m e n t  3. Thus,  this  adds to previous  evidence [ 1, 16, 
25, 26,  27, 28, 29, 31, 37,  39] exc lud ing  the locus 
coeru leus  and  the  dorsal  noradrenerg ic  bund le  f rom any 
role as a general  m e d i a t o r  of r e i n f o r c e m e n t  in the  learning 
process.  

Secondly ,  several h y p o t h e s e s  suggested to expla in  the  
res is tance to e x t i n c t i o n  seen af te r  dorsal  bund le  and  NPT 
lesions have been  tes ted  and found  want ing .  Genera l  
hype rac t iv i ty  was tes ted  in E x p e r i m e n t  1, i n t e rna l  inhibi-  

t ion  in E x p e r i m e n t  1 and  persevera t ion  in E x p e r i m e n t  2. 
None  of these adequa te ly  expla ined  the  available data.  

O t h e r  theor ies  of  the  dorsal  bund le  e x t i n c t i o n  effect  
have been  suggested elsewhere.  Defici ts  in the  m e m o r y  of 
non- reward  have been  found  in cer ta in  s i tua t ions  [ 2 8 ] ,  and  
this  could  clearly a f fec t  e x t i n c t i o n  behaviour .  It migh t  also 
give rise to  the  improved  DRL acquis i t ion  af te r  CRF  
pre t ra in ing ,  since Dickinson [13]  has  suggested t ha t  the 
response  invigora t ing  effects  of n o n r e w a r d  [2] p r e d o m i n a t e  
dur ing  the  t ransfe r  f rom CRF to DRL and these act to 
impa i r  the  pe r fo rmance  of no rma l  animals  by giving rise to  
a high response  rate which  is i ncompa t ib l e  wi th  DRL 
pe r fo rmance .  Fai lure  to r e m e m b e r  previous  n o n r e w a r d  
would  thus  actual ly  help acquis i t ion  of this task in the  
les ioned rats. A n o t h e r  suggested ef fec t  of dorsal  b u n d l e  
lesion is to make  the  animals  more  dis t rac t ib le  [37] and 
this  a s sumpt ion  of  increased s t imulus  sampling can also give 
rise to res is tance to e x t i n c t i o n  [ 2 2 , 4 1 ] .  On this  mode l  the  
CRF to DRL t ransfe r  can be regarded as a nonreversa l  shif t  
which  has  been  s h o w n  to benef i t  f rom increased s t imulus  
sampl ing  [ 2 3 , 2 4 ] .  This a t t en t i ona l  mode l  of  the dorsal 
bund le  f u n c t i o n  has been  tes ted elsewhere [ 2 9 , 3 1 ] .  

Whatever  the  exp lana t ion  of the  improved  DRL acquisi- 
t ion  in the  les ioned rats, the failure to increase response  
rates as m u c h  as con t ro l s  af ter  a r educ t ion  in reward 
densi ty  (which  here  actual ly he lped  the  les ioned rats)  has 
been  seen in o the r  s i tua t ions  as well. Dorsal  bund le  lesioned 
rats  r e spond  less t han  con t ro l s  when  t ransfer red  f rom a 
CRF to a VI (variable in terval)  schedule  [36] and also 
when  the dens i ty  of reward is reduced  on  a two-lever VR 
(variable ra t io )  schedule  [ 3 1 ] .  This con t ras t s  marked ly  wi th  
the  increased re spond ing  relative to con t ro l s  when  reward is 
w i t h d r a w n  comple t e ly ,  as in e x t i n c t i o n  [4, 25, 26, 27, 28, 
32, 43,  4 4 ] .  Any theory  of dorsal bund le  func t i on  mus t  be 
able to inco rpora t e  this  d i f ference  wi th in  its f r a m e w o r k  
[301.  
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