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KING, M. G. AND K. D. CAIRNCROSS. Effects of olfactory bulb section on brain noradrenaline, corticosterone and 
conditioning in the rat. PHARMAC. BIOCHEM. BEHAV. 2(3) 347-353, 1974. - Following bilateral olfactory bulb 
section or sham surgery, rats were subjected to a complete counterbalanced design in which appetitive and aversive 
conditioning were tested. Olfactory bulb section produced no appreciable effect on a food rewarded bar press response. 
However, a performance deficit was apparent when animals were subjected to prior fear conditioning and tested with the 
CS alone. On the basis of these results, rats following olfactory bulb section were subjected to prior fear conditioning and 
tested on avoidance learning. Anosmia produced no appreciable effect on number of avoidances, but anosmic fear condi- 
tioned rats responded more slowly than sham-operated fear conditioned rats. In order to evaluate these findings physio- 
logically, assays were undertaken for telencephalic and hypothalamic noradrenaline (NA) and plasma corticosterone. 
There was no significant difference in hypothalamic NA and corticosterone between the anosmic and sham-operated 
rats. However, telencephalic NA was significantly lower in anosmic animals. 

Anosmia Conditioning Corticosterone Noradrenaline 

MARKS, Remley, Seago and Hastings [16] reported that 
rats rendered anosmic following bilateral olfactory bulb- 
ectomy were superior in performance compared to controls 
on a positively reinforced operant response but showed 
inferior performance on avoidance tasks, both active and 
passive, and on an activity task. Though unable to account 
for all their findings they suggested that afferent input from 
the olfactory to the limbic system is necessary for the inte- 
gration of sensory information involved in rodent learning. 

Previous studies of appetitive learning in anosmic rats 
[12, 15, 22] have shown that only the early stages of 
learning are impaired. Prior to the studies by Cairncross and 
King [6] and by Marks etal. [16] aversive learning in 
anosmic rats had not been discussed in the literature al- 
though recent studies [14] have indicated that odor may 
play an important part in aversive learning in normal rats. 
The initial aim of the present studies was to determine 
whether, following bilateral olfactory bulb section, the 

acquisition of an appetitive and an aversive task was inferior 
to that of sham-operated controls. 

It was proposed to examine concomitantly the changes 
in physiological function accompanying the behavioural 
alterations anticipated. Thus, recent studies by Weiss et al. 
[23] indicate that whole brain noradrenaline (NA)is  signi- 
ficantly lowered in normal rats during acquisition of an 
avoidance task. However, NA is not distributed uniformly 
throughout the brain, concentrations being greatest in the 
hypothalamus and telencephalon. 

Further, the work of Pohorecky et al. [ 19] is of signifi- 
cance in this study. These workers reported a reduction in 
telencephalic NA in rats following unilateral section of an 
olfactory tract in the side ipsilateral to the lesion. There 
was no concomitant reduction in hypothalamic NA. These 
findings suggest that following bilateral olfactory bulb 
section a reduction in endogenous NA levels should be 
evident in the telencephalon, but not in the hypothalamus. 

This research was supported by the Australian Research Grants Committee, Grant No. A65/15506, to the authors. 
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348 KING AND C A I R N C R O S S  

It fo l lows the re fo re ,  t h a t  any  d i f fe rences  d e m o n s t r a t e d  
in the  anosmic  ra t  dur ing  the  behav ioura l  s t u d y  regarding 
acquis i t ion  in an appe t i t ive  or aversive s i tua t ion  may  be  
re la ted to changes  in h y p o t h a l a m i c  func t i on ,  or t e l enceph-  
alic f u n c t i o n  or to  b o t h  of  these sys tems.  

E X P E R I M E N T  1 

Watson  [ 2 2 ] ,  Honz ik  [12]  and  Lind ley  [15]  d e m o n -  
s t ra ted  t ha t  anosmia  r e t a rded  acqu is i t ion  of  appe t i t ive  
learning on  c o m p l e x  maze tasks.  In con t r a s t  to  this,  Marks  
etal. [16]  r epo r t ed  t ha t  anosmic  rats  p e r f o r m e d  b e t t e r  
t han  normals  on  a posi t ively  rewarded  bar  press response ,  
bu t  u n f o r t u n a t e l y  did no t  r epor t  resul ts  for  the  early stages 
of  acquis i t ion .  In the  p resen t  s t udy  the  acqu i s i t ion  of  a 
food- rewarded  ope ran t  response  was s tudied .  In a coun te r -  
ba lanced  design the  same rats  were tes ted  on  a c o n d i t i o n e d  
fear p rocedure .  Marks etal. [16]  had  observed  s lower  
acquis i t ion  by  anosmic  rats  early in one-way avo idance  bu t  
the  d i f fe rence  was no t  s ignif icant .  

METHOD 

Animals 

The an imals  were 24 naive male  a lb ino  rats  of  the  Wistar  
s t ra in,  aged 1 0 0 - 1 2 0  days  at the  beg inn ing  of  the  experi-  
men t .  

d ppara tus 

Appet i t ive  c o n d i t i o n i n g  was carr ied out  in a Sk inner  Box 
(Davis Scient i f ic  I n s t r u m e n t s )  on  a CRF schedule  using 
45 mg Noyes  pellets.  The  box  was housed  wi th in  a sound-  
proofed ,  a i r cond i t i oned  cubicle.  

Aversive c o n d i t i o n i n g  was carr ied ou t  in a fully auto-  
ma ted  shu t t l ebox .  The  two  c o m p a r t m e n t s ,  of  clear Plexi- 
glas, were ba l anced  on  a fu l c rum wi th  an e lectr ical ly  oper-  
a ted gui l lo t ine  doo r  separa t ing  the  arms.  The  grid f loor  on  
b o t h  sides was of  stainless steel  bars,  each  0 .32 cm in dia. 
and  spaced 0.78 cm apart .  The  UCS was a c o n s t a n t  vol tage 
100 V a.c. shock  (0.2 m A  approx . )  del ivered by  means  of  a 
Davis Scient i f ic  I n s t r u m e n t  shock  gene ra to r  (Model  250).  
The  CS was an 88 db noise e m a n a t i n g  f rom a Federa l  
buzzer .  Fear  c o n d i t i o n i n g  pa rame te r s  and  s t imul i  were 
con t ro l l ed  by a m i n i c o m p u t e r .  

Surgical Procedures 

Rats  were r a n d o m l y  a l located  to two  groups ,  one  of  
wh ich  u n d e r w e n t  b i la tera l  o l f ac to ry  sec t ion  (A), and  the  
o t h e r  u n d e r w e n t  a sham ope ra t ion  (S). Prior to  surgery,  
an imals  were anes the t i s ed  w i th  e the r  and  the  head  shaved.  
A mid l ine  incis ion 2 cm long was t h e n  made  caudad  f rom 
the  r im of  the  orbi t .  Bur r  holes  were dri l led t h r o u g h  b o t h  
f ron ta l  bones ,  2 m m  lateral  to  the  f ron ta l  su tu re  and  4 m m  
caudad  to the  pos te r io r  r im of  the  orb i t ,  t hus  ma in t a in ing  
the  in tegr i ty  of  the  in t rac ran ia l  venous  sinus.  A p r o b e  was 
i n t r o d u c e d  t h r o u g h  the  bu r rho l e  and the  co r r e spond ing  
o l fac to ry  bu lb  sec t ioned .  The  holes  were plugged wi th  gel 
foam and  the  w o u n d  su tured .  O l fac to ry  bu lb  sec t ion  was 
c o n f i r m e d  p o s t - m o r t e m  on c o m p l e t i o n  of  the  behav ioura l  
e x p e r i m e n t  when  animals  were sacrif iced by  decap i t a t i on .  
The  bra in  was r em oved  f rom the  skull  by mak ing  a mid l ine  
split  f rom the  f o r am en  m a g n u m  to the  f ron ta l  suture .  
R e t r a c t i o n  of  the  split  exposed  the  bra in  in si tu,  enabl ing  
visual inspec t ion  of  the  ope ra t ed  o l f ac to ry  bulbs.  Damage 

to the  f ron ta l  pole  was no t  observed.  E x p e r i m e n t a l  an imals  
in which  the  t rac t  was no t  c o m p l e t e l y  sec t ioned  f rom the  
bu lb  were exc luded  f rom the  sample.  The  c o n f i r m a t i o n  was 
done  using a b l ind  t echn ique .  

Surgery and p o s t - m o r t e m  e x a m i n a t i o n  in the  sham- 
ope ra t ed  an imals  were inden t i ca l  to  t ha t  for  the  anosmic  
(A)  g roup  excep t  t h a t  the  lateral  o l f ac to ry  t rac ts  were no t  
sec t ioned.  No damage  to in t rac ran ia l  s t ruc tu res  was ob- 
served. 

Behavioral Training 

The S group was subd iv ided  in to  (i) S + in wh ich  fear  
c o n d i t i o n i n g  p receded  appe t i t ive  cond i t i on ing  and  (ii) S+ 
in which  the  o rde r  was reversed.  The  A group  was similar ly 
subd iv ided  in to  A - +  and  A + - .  

All g roups  were a l lowed 2 weeks for  pos tope ra t ive  recov- 
ery dur ing  which  food  and  wa te r  were available ad lib. In 
S - +  and  A - +  groups ,  exp lo r a t i on  of  the  aversive c o n d i t i o n -  
ing appa ra tus  was begun.  On  Day 1 each an imal  spen t  
30 min  per  day in e i the r  a rm of  the  s h u t t l e b o x  wi th  the  
gui l lo t ine  d o o r  down.  The p rocedu re  was r epea t ed  unt i l  
Day 4 w h e n  the  animals  were fear  c o n d i t i o n e d ;  the  CS was 
of  6 sec d u r a t i o n  the  last 2 sec of  which  was over lapped  by  
foo t - shock .  C o n d i t i o n i n g  trials were r epea t ed  every 95 sec 
for  1 hr. Fo l lowing  c o n d i t i o n i n g  25 tes t  trials were given in 
which  the  rat  was p laced in the  cond i t i on ing  c h a m b e r  in 
darkness.  The  CS au toma t i ca l ly  onse t  a f te r  10 sec and  the  
gui l lo t ine  d o o r  wen t  up  s imu l t aneous ly  wi th  CS onset .  The  
la tency  of  the  rat  in crossing over  to  the  second  c h a m b e r  
was e lec t ronica l ly  r ecorded  and  p r in ted  ou t  by  a mod i f i ed  
Sodeco t imer .  If the  rat  did no t  move  wi th in  25 sec the  
doo r  was lowered,  the  CS offset .  At  the  end  of  each  tes t  
tr ial  t he  an imal  was r e t u r n e d  to  a ho ld ing  cage for  an ITI of  
90 sec. At  no  stage was the  UCS del ivered dur ing  tes t ing  i.e. 
an imals  were tes ted  in ex t inc t ion .  

Fo l lowing  fear cond i t i on ing  the  rat  was rested for  
1 week  on  ad lib food  and  water .  On Day 12, food depriva- 
t ion  was begun.  Animals  were fed wet  mash  for  90 min  per  
day at the  same t ime  each day for  the  r ema inde r  of  the  
expe r imen t .  On Day 14 each animal  had  30 min  a lone in 
the  Sk inne r  box .  On Day  15, magazine  t ra in ing  t ook  place 
for  30 rain. Bar press t ra in ing  began on Day 16 and  was 
repea ted  on  Day 17. Cumula t ive  records  of  bar  press were 
t aken  on  Days 16 and  17. 

For  the  S+ and  the  A + -  groups  the  p rocedu re  was as 
above  wi th  the  appe t i t ive  cond i t i on ing  preceding  the  
aversive t ra ining.  

RESULTS 

A ppetitive Conditioning 

Mean bar  press f requencies  dur ing  the  first 12 min  of  the  
2 test  sessions as s h o w n  in Fig. 1. Only  the  first 12 rain 
were analysed  as animals  began  to sat ia te  the rea f te r .  For  
each test  day p e r f o r m a n c e  in the  4 t r e a t m e n t s  was sub- 
j ec ted  to a r epea t ed  measures  analysis  of  var iance.  On Test  
Day 1 the  ef fec t  due to o rder  of  appe t i t ive  and aversive 
cond i t i on ing  (+ or  - + )  was no t  s ignif icant  wi th in  the  A or  
S groups.  The  ef fec t  due to A and  S t r e a t m e n t s  was no t  
s ignif icant  bu t  a s ignif icant  T r e a t m e n t  x Trial  Blocks ef fec t  
occurred.  F u r t h e r  tes t ing  of  individual  means  using the  
Scheff~ Test  was carr ied out  to  d e t e r m i n e  where  the  signifi- 
cant  trial  e f fec t  wi th in  A and S g roups ,occur red .  The  differ- 
ent ia l  e f fec t  due to trial b locks  arises f rom b o t h  S groups  
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FIG. 1. Mean bar press frequency for the groups (A+-, A-+,  S+-, S-+) over 3 min intervals on each test day. 

having a lower score than the A groups during the first 
3 rain of the first test session. This suggests that olfaction 
may have retarded early acquisition of the food-rewarded 
bar press response but not later performance. 

The analysis was repeated on the Day 2 scores (Fig. 1). 
Only the Trial Blocks effect proved significant. Thus all 
groups showed equivalent performance on the second test 
day. 

A versive Conditioning 

The measure of fear conditioning was the latency of the 
crossover response to the CS. Each latency for each rat was 
inverted (sec -1 ) and averaged over blocks of 5 trials. This 
score was the basic datum used in the repeated measures 
analysis of variance. Performance curves for the treatment 
groups, A + - ,  A - + ,  S+-  and S-+ ,  are shown in Fig. 2. 
Similar to the appetitive treatment the effect due to order 
of  appetitive and aversive conditioning was not significant. 
The effects due to Treatments, to Trials and Treatment 
× Trials were significant. The trial effect in each S group 
was highly significant but not significant in either A group. 
Further testing of individual means using the Scheff6 Test 
showed that significant learning occurred in each S group 
but in neither A group. 

DISCUSSION 

Comparison of the present findings with those of Marks 
etaL [16], Watson [22] and Honzik [12] reveals two 
major differences. 
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In the first place there appears to be a reversal of  per- 
formance  superior i ty  depending upon whether  the task is 
an operant  or  run-way task. In operant  condi t ioning bo th  
Marks et  al. [ 16] and the present  s tudy found superior  per- 
formance  by anosmic rats on a posit ively re inforced bar 
press response. In the Marks [ 16] s tudy anosmic rats were 
g i v e n  2 5 C R F ,  then 225 VI-1 min,  and 4 0 0 V I - 2 m i n  
responses before  testing on a VI-2 rain schedule.  Superior  
per formance  was found for anosmic rats. In the present 
study,  the A groups per formed  on a CRF schedule for 2 
daily sessions but  superior  per formance  was apparent  only 
in the early stages of  Day 1. However ,  it is not  surprising 
that  on the simplest  of  acquisi t ion schedules (CRF)  used in 
the present  study,  the per formance  differences be tween  A -  
and S opera ted  rats would  diminish. It was observed that 
sham-operated rats spent  more t ime on Day 1 in sniffing 
around the food-cup than did the A group. On the basis of  
these observations,  it would  seem premature  to a t t r ibute  
the poorer  per formance  of  the S groups to anything but  
compet ing  responses. 

Combining  the results of  the Marks s tudy with  the 
present  findings, it would appear  that  anosmic rats acquire 
the bar press response more quickly than sham-operated 
rats, but  the difference diminishes unless the schedule is 
made more complex.  Thereupon  the superiori ty of  the 
anosmic animals again emerges. 

By contrast  with their  superiori ty on positively rein- 
forced operant  tasks, the l i terature indicates poorer  per- 
formance  on maze tasks. On complex  mazes Watson [22] 
and Honzik [12] found anosmic rats to be poorer  in initial 
acqv.isition but  no differences were observed once the task 
had been mastered.  However ,  Lindley [ 15 ] reports  anosmic 
rats to be poorer  in all stages which is consistent  with the 

Marks finding that ,  after 40 trials of  food-reward on a one- 
way crossover response in a hurdle box,  sham-operated and 
normal  rats ran significantly faster than anosmic animals. 

In the aversive s i tuat ion,  Marks et al. [16] subjected 
anosmic and sham-operated rats to ex tended  one-way 
avoidance training fol lowed by testing in ex t inc t ion  (CS 
alone). They repor ted  that  anosmic rats were s lower  in the 
early stages of  acquisit ion.  The present results show that  by 
use of  the condi t ioned  drive procedure  an ex t reme dif- 
ference can be obtained between sham-operated and 
anosmic rats in the acquisi t ion of  an aversively mot iva ted  
response (Fig. 2). 

In Stage I (one-way avoidance training) of  the procedure  
used by Marks, rats learn both  condi t ioned  fear and an 
avoidance response. Several recent  reports  by Di Giusto and 
King [8] ,  and D i G u i s t o ,  Cairncross and King [9] have 
poin ted  out  that  indices of  condi t ioned  fear diminish as 
avoidance improves.  Thus in Stage II of  the procedure  used 
by Marks (testing with CS alone) condi t ioned  fear would  be 
low since the avoidance response had been acquired in 
Stage I. In the present  procedure  however ,  Stage I of  
training comprised condi t ioned  fear in which no escape or 
avoidance was possible and only fear could have been 
acquired. Thus when the rats (anosmic or sham-operated)  
entered Stage II of  the exper iment  (testing with CS alone) 
condi t ioned  fear should have been high since no avoidance 
response was previously learned. Consequent ly ,  the present 
procedure  is far more sensitive to the initial slowness of  the 
anosmic group in acquiring an aversively mot iva ted  task. 

E X P E R I M E N T  2 

Exper imen t  1 demons t ra ted  that  anosmic rats with high 

levels of  acquired fear, but  no avoidance response, did not  
acquire an avoidance response when exposed to the CS 
alone. In the present  s tudy rats were tested on one-way 
avoidance fol lowing ei ther prior fear condi t ioning or no 
prior fear condit ioning.  As a consequence  of  the results 
obtained in Exper iment  1 the quest ion arose as to whether  
rats, fol lowing prior fear condi t ioning,  would perform as 
well as sham-operated rats if  punished for not  responding to 
the CS. 

There is some confl ic t  of  data which bears on the 
present me thodo logy .  Some doubt  exists as to whether  
prior fear condi t ioning facilitates or depresses subsequent  
avoidance learning. Most of  the disparate results however ,  
relate to two-way rather than one-way avoidance;  the data 
of  one-way avoidance,  Baum [3] ,  Bresnahan and Riccio 
[4] and Slotnick [21] generally show a faci l i tatory effect .  
De Toledo and Black [7] report  that if presbocks are paired 
with stimuli that signal danger, rats subsequent ly  learn a 
one-way avoidance task faster than controls  receiving no 
preshock. Thus, in the present study it is predicted that  fear 
condi t ioning with delayed CS-UCS pairings should lead sub- 
sequent ly  to enhanced acquisi t ion of  one-way avoidance in 
sham-operated and probably in anosmic rats. This would  
assume however,  that the degree of  aversiveness of  the one- 
way avoidance task would  be the same for the sham- 
operated as for the anosmic group of  animals. One para- 
meter  of  measurement  for such an assumption [5,14] 
would be to measure the elevation of circulating l l-  
hydroxycor t i co ids  in bo th  exper imenta l  groups in the 
aversive situation. For  a predictable aversive si tuation 
Bassett, Cairncross and King [2] repor ted  a rise in 
11-hydroxycor t icoids  to about  60 ug/100 ml plasma. 

METHOD 

Anima l s  and Appara tus  

Forty-e ight  male albino rats of  the Wistar strain, aged 
9 0 - 1 1 0  days at the beginning of the exper iment  were used. 
The apparatus was the au tomated  shut t lebox described in 
the previous exper iment .  

Surgery  

Animals were randomly  allocated to two groups for 
surgery. The procedure  for bilateral o l fac tory  bulb section 
and sham surgery was the same as in Exper iment  1. 

Behavioural  Tests 

Two weeks were allowed for post-operat ive recovery,  
af ter  which half  the anosmic rats were allocated to an 
exper imenta l  fear condi t ioning (AE) procedure  and half  to 
a control  procedure  (AC). The sham-operated rats were 
similarly al located to exper imenta l  fear condi t ioning (SE) 
or control  (SC) procedures.  The fear condi t ioning procedure 
for bo th  AE and SE groups was the same as that used in 
Exper iment  1. In the control  groups,  AC and SC, the rats 
were  confined in one arm of the shut t lebox for 1 hr. At the 
conclusion of  its pretest  t r ea tment  the animal was returned 
to its h o m e  cage for 23 hr. 

In testing, all groups received 25 one-way avoidance 
learning trials 23 hr  af ter  their  pretest  t rea tment .  On each 
trial the CS onset was s imultaneous with the opening of  the 
guil lot ine door.  If the animal did not  cross over within 8 sec 
after CS onset,  a constant  voltage 100 V a.c. shock (0.2 mA 
approx.)  was delivered through the grids; CS and shock 
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remained on until the rat crossed to the other side, where- 
upon CS and shock terminated and the door automatically 
lowered. After crossing, the rat remained in the safe arm for 
10 sec and was then returned to a holding cage for an ITI of 
40 sec. 

0"8 

0"7 

Biochemical Procedure 

Animals were sacrificed by decapitation and the olfac- 
tory tracts inspected as in Experiment 1. Experimental 0.6 
animals in which the tract was not clearly sectioned were >_ 
excluded from the sample. The inspection was done using a t~ z 
blind technique, tu 

Immediately after avoidance training the rats were ~ 0"5 
decapitated and exsanguinated, apart from one AE group 
which was sacrificed 24 hr later. Blood was collected in a , 
heparinized tube, each blood sample was centrifuged at ~ 
3,000 rpm for 10 min to obtain the plasma which was 0"4 

stored at 4°C for subsequent 11-hydroxycorticoid estima- 
tu 

tion. The procedure was undertaken spectrofluorimetrically o: 
by the method of Mattingley [ 17 ]. z 

The brain was removed from the skull immediately after ~ 0.3 
decapitation, chilled, and dissection performed on an ice- ~r 

ca 
cooled plate following the method of Glowinski and z 
Iverson [10] except that the brain, posterior to the trans- ~- 

t9 0.2 verse section at the level of the optic chiasm, was stripped 
of telencephalon as described by Pohorecky [ 19]. The NA 
was extracted after the method of Anton and Sayre [1] 
and a s sayed  spectrofluorimetrically as described by 
Haggendahl [ 11 ]. 0.1 

RESULTS 

Both speed of response (Fig. 3) and successful avoid- 
ances (Fig. 4) were analysed as each brings out a different 
aspect of the avoidance behaviour. 

As in Experiment 1 the response latency of each animal 
on each test trial was inverted (sec-1)  and averaged over 
blocks of 5 trials. The group means are shown in Fig. 3. An 
analysis of variance for repeated measures was carried out 
on the mean reciprocals of latency over blocks of 5 trials. 

The  following effects were significant: Treatment 
Groups (F(3,44) = 9.63, p<0.01),  Trial Blocks (F(4,176)= 
25.97, p<0.01) and the Group x Trial Blocks effect 
(F(12,176)= 3.36, p<0.02). Further testing of the Trial 
Blocks effect within each treatment group was carried out 
using the Scheff6 Test. The results showed a very marked 
increase in speed of response in the SE group, strong incre- 
ments in SC and AC groups, and a null effect in the AE 
group. 

The effect due to treatment groups was significant on all 
Trial Blocks except the first. Further testing of the treat- 
ment groups effect was carried out within Trial Blocks 2 - 5  
using the Scheff6 Test. Within Trial Blocks 2 and 3 the 
significant effects (p<0.05) arise from SE performing faster 
than AC and in Trial Block 4 and Trial Block 5, from SE 
performing faster than AC. In Trial Block 4 and Trial Block 
5, SE performed faster (p< 0.01) than all other groups. 

Prior to analysing the number of avoidance responses the 
number of successful avoidances for each rat was calculated 
within each block of 5 avoidance learning trials. The avoid- 
ance means for each treatment on each block were plotted 
against the corresponding variance and the ensuing binomial 
distribution indicated that the arcsin transformation was 
necessary in order that the avoidance data be analysed by a 
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FIG. 3. Speed of performance (in sec -~) on 1-way avoidance 
learning following either fear conditioning or a control procedure in 

anosmic and sham operated rats. 

parametric analysis of  variance. Accordingly the number of 
successful avoidances by each animal within each trial block 
was converted to a proportion, the square root found and 
its inverse sine taken. An analysis of variance for repeated 
measures was carried out, but only the first 4 trial blocks 
could be included as there was no variance in the SE group 
on Trial Block 5. The following effects were significant 
(over the first 4 Trial Blocks); Treatment Groups (F(3,44) = 
6.03, p<0.01) Trial Blocks (F(3,44) = 42.23, p<0.01) and 
Groups × Trial Blocks (F(9,144) = 2.68, p<0.05). 

The effect due to Trial Blocks was significant in three 
treatment groups: in SE, (F(3,144) = 13.96, p<0.01) in SC, 
(F(3,144) = 14.49, p<0.01) and in AC, (F(3,144) = 20.71, 
p<0.01). Further testing of the effect due to Trial Blocks 
was carried out within each treatment group using the 
Scheff6 Test. The results showed significant increases in 
successful avoidance in the SE, SC, and AC groups with SE 
reaching a plateau earlier in training. The AE group did not 
improve over trials, despite a comparatively high perform- 
ance level early in training. 

The effect due to treatment groups was significant in 3 
Trial Blocks: in Trial Block 1, (F(3,44) = 6.92, p<0.01);  in 
Trial Block 2, (F(3,44) = 3.96, p<0.05)  and in Trial Block 
3, (F(3,44)= 3.13, p<0.05). Further testing of  the treat- 
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FIG. 4. Avoidance responding on a 1-way task following fear condi- 
tioning or a control procedure in anosmic and sham operated rats. 

ment  groups within Trial Blocks 1, 2 and 3 was carried out  
using the Scheff6 Test. In Trial Block 1 where the effect  of  
prior  fear condi t ioning might  be expec ted  to be greatest ,  
the AE group per formed significantly more  avoidances than 
the AC (p<0 .01)  and the SC group (p<0.05) .  The SE group 
gave significantly more avoidances (p<0 .05)  than the AC 
group. Within subsequent  Trial Blocks the t r ea tment  group 
effect  diminished;  in Trial Block 2 and Trial Block 3, the 
SE group had significantly more  avoidances (p<0 .05)  than 
the AC group. No significant differences occurred in Trial 
Block 4. 

Cor t icos terone  levels in blood plasma were de termined  
f luor imetr ical ly ;  no significant differences (p<0 .05)  oc- 
curred be tween  the levels which were (in ug /100  ml of  
plasma): AE = 58.8 + 8.7, SE = 58.2 -+ 6.7, A C =  54.7 +- 
10.2 and SC = 53.8 -+ 7.2. In the AE group sacrificed 24 hr 
after the last training session the plasma level was 16.1 -+ 
3.6, indicating that cor t icos terone  concent ra t ions  in the 
plasma have re turned to the normal  range within 24 hr. 

Brain noradrenal ine fol lowing avoidance training was 
assayed also. The results obta ined showed no difference in 
the assay level of  NA for ei ther of  the sham-operated 
groups, or for the anosmic groups. Consequent ly ,  the assay 
results were pooled  within the anosmic group and within 
the sham group. The fol lowing concent ra t ions  of  NA were 
obtained (in ng/g of  wet tissue): in sham-operated rats (SC, 
SE) the hypo tha lamic  level was 996 -+ 7 and the telencepha-  
lic level was 106 -+ 4, in anosmic rats (AC, AE) the hypo-  
thalamic level was 1020 -+ 3 and the telencephalic  level was 
60 + 9. The difference be tween  the S and the A groups was 
significant for the te lencephalon (p<0 .01)  but  not  for the 
hypotha lamus  (p< 0.05). 

G E N E R A L  DISCUSSION 

Testing with one-way avoidance,  rather  than the CS 
alone, revealed that in anosmic rats test per formance  was 

facil i tated by the prior fear condi t ion ing  c.f. the perfor- 
mance of  AE and AC in Fig. 4. Hence the failure of  the A 
group in Exper iment  1 to per form to the CS alone cannot  
be a t t r ibuted  to a failure in the prior fear condi t ioning 
phase, but  rather to a failure in the test phase. However ,  the 
difference be tween the present results and those of  Marks 
eta l .  [16] was that  the per formance  in the anosmic rats 
depended in the present case upon the UCS being present 
during testing. Comparison of  the two studies suggests that  
early in training the anosmic rats exhibi t  a per formance  
deficit  which can be remedied  by use of  the UCS, but  after 
ex tended training anosmic rats per form as well as normals  
regardless of  the UCS. These observations only apply how- 
ever, where number  of  avoidances,  rather than speed of  
avoidance,  is the dependent  variable. 

Figure 3 in which speed measures are given, shows that  
later in learning several interest ing differences emerge. In 
the first palce, prior fear condi t ioning facil i tated the speed 
of  avoidance of  sham-operated rats c.f. SE and SC which is 
in keeping with the previous studies which repor ted  that  
prior fear condi t ioning facilitates subsequent  avoidance 
learning. On the o ther  hand, per formance  by the anosmic 
groups (AE and AC) does not  exhibi t  the same differentia-  
t ion of  speed scores. Both the AE and SE groups avoided at 
the same cri ter ion level as AC and SC (in excess of  80 
per cent) but  the AE did not  exhibi t  the great increase in 
speed shown in Fig. 3 by the SE group on later trials. Thus, 
in early learning, as dist inct  from the ex tended  training 
used by Marks e ta l .  [16] ,  the AE group would  be far less 
likely than the SE group to conserve anxie ty  by responding 
before UCS onset  s imply because of  the slower speed of  
avoidance,  as i l lustrated in Fig. 4. This could explain also 
the failure of  the A group in Exper iment  1 to per form to 
the CS alone. 

The physiological  implicat ions associated with these 
conclusions are impor tant .  The findings of  Pohorecky et al. 
[19] have been conf i rmed and ex tended  to include total ly  
anosmic animals; the results show a significant reduct ion  in 
telencephalic  NA wi thout  a concomi tan t  reduct ion  in hypo-  
thalamic NA. Further ,  his topathological  evidence of  Powell 
e ta l .  [20] does not  demonst ra te  a direct projec t ion  of  
p r i m a r y  o l fac tory  neurones to hypotha lamic  nucleii.  
Instead fol lowing ol fac tory  tract  section,  Pigache [18] 
repor ted  that  degenerat ion occurs in ol factory neurones 
passing to the al locortex.  Fol lowing primary neurone 
degenerat ion,  t ransneuronal  degenerat ion occurs, involving 
the pyramidal  cells of  the a l locor tex,  which according to 
J o n e s e t a l .  [13] and White e ta l .  [24] in the rat i scharac-  
terised by a loss of  dendri t ic  proliferat ion.  Thus, the ana- 
tomical  and physiological evidence implicates the telen- 
cephalon as the funct ional  centre in the changed response 
to an aversive CS. Such a conclusion is substant ia ted in that  
endogenous  hypotha lamic  NA is not  significantly reduced 
in the anosmic animal. Fur ther ,  the cor t icos terone  elevation 
to modera te  levels occurs in both  anosmic and sham- 
operated rats indicating that the stress response to the 
aversive s i tuat ion is the same in bo th  groups of  animals. 

Therefore ,  a possible explanat ion exists for the observed 
similarity be tween  the anosmic and sham groups described 
for the appeti t ive si tuation (Exper iment  1). The feeding 
response is a l imbic phenomenon  relating in part icular  to 
the ventro-medial  nucleus of  the hypotha lamus ,  and results 
have been presented which show that  disrupt ion of  the 
l imbic system is minimal  fol lowing ol fac tory  tract section. 
The weight of  physiological  evidence would  suggest there- 
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fore,  t h a t  m a r k e d  d i f fe rences  b e t w e e n  con t r o l  an imals  and  
those  sub jec ted  to  o l f ac to ry  t r ac t  sec t ion  would  no t  emerge 
in an appe t i t ive  s i tua t ion .  

Of  grea ter  phys io logica l  s ignif icance is the  need  to 
expla in  why  t h e  anosmic  group in E x p e r i m e n t  2 improved  
the i r  p e r f o r m a n c e  over  the  A group in E x p e r i m e n t  1, w h e n  
the  UCS was i n t r o d u c e d  dur ing  test ing.  It  is suggested t ha t  
these  d i f ferences  in p e r f o r m a n c e  rela te  to  the  changes ,  b o t h  
chemica l  and pa thologica l ,  ev iden t  in the  t e l encepha lon  
fo l lowing bi la tera l  o l f ac to ry  t rac t  sec t ion .  In the  A groups,  

loss of  dendr i t i c  p ro l i f e ra t ion  in cort ical  py ramida l  cells 
fo l lowing o l fac to ry  t r ac t  sec t ion ,  wou ld  resul t  in a reduced  
level of  cor t ical  synap t i c  act ivi ty .  Such  a conc lus ion  is 
s u b s t a n t i a t e d  by  the  p resen t  f ind ing  o f  r educed  NA availa- 
bi l i ty  in the  t e l encepha lon  fo l lowing o l fac to ry  t rac t  sec t ion .  

As a s equ i tu r  the  physiological  and behav ioura l  resul ts  
would  suggest t ha t  the  use of  the  UCS in tes t ing  leads to  a 
grea te r  a f fe ren t  i npu t  in to  the  ascending  re t icu lar  f o r m a t i o n  
which  could  well c o m p e n s a t e  for  the  reduced  level of  
t e lencepha l ic  act ivi ty  i nduced  by  o l fac to ry  t rac t  sect ion.  
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