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JOLY, D AND D J SANGER 7he eJ]e~ ts ol j luo~etme and zmwldlne on the behavtm oJ olflu tor~ bulbe~ tomtzed rats 
PHARMACOL BIOCHEM BEHAV 24(2) 19%204, 1986 --Previous work has shown that subchronlc administration of 
antidepressant drugs can reverse the behavioral and physiological changes produced by removal of the olfactory bulbs of 
rats It has also been reported that acute admlmstratmn of drugs believed to enhance serotonerglc transmission can 
improve passive avoidance performance in bulbectom~zed rats In order to follow up this observation the effects of the 
serotomn reuptake inhibitor, fluoxetlne, were studied m bulbectomJzed and control rats Fluoxetlne produced a dose- 
related improvement in the passive avoidance behav,or of bulbectomlzed rats in a step-down task and m a Y-maze The 
effect of fluoxetlne on step-down avoidance was blocked by metergohne and was also shown by zlmeldme, another 
inhibitor of serotonln reuptake However, in tests of active avoidance responding in a shuttle box and exploratory 
locomotmn, fluoxetlne produced similar disruptions of behawor m both bulbectomlzed and control animals Thus, the 
effects of fluoxetme on the behavior of hulbectomlzed rats are dependent upon the behaworal test 

Fluoxet,ne ZJmeldme Bulbectomy Avoidance Rats 

IT has  been  k n o w n  for  m a n y  years  that  surgical  r emova l  or  
de s t ruc t i on  of  the o l fac tory  bulbs  of  rats  and o t h e r  roden t s  
gives rise to a var ie ty  of  behav io ra l  and  phys io logica l  
changes  [11,201 T h e s e  may include inc reased  exp lo ra t ion  
and l ocomoto r  ac t iv i ty  [17]. agg res s iveness  [12], h y p e n r -  
n t a b l h t y  [5], impai red  acquis i t ion  m appe t i t ive  or  ave r s lve  
learn ing  tasks  requir ing r e sponse  inhib i t ion  [15, 16, 18] and 
faci l i ta ted acquis i t ion  of  an  ac t ive  avo idance  r e s p o n s e  [15] 

Severa l  s tudies  have  d e m o n s t r a t e d  tha t  some or  all of  
these  effects  of  o l fac tory  b u l b e c t o m y  can be  r eve r sed  by 
s u b c h r o n l c  a d m l m s t r a t l o n  of  a n t i d e p r e s s a n t  drugs,  inc luding 
t r lcyhc  agents  such  as lmlp ramlne  and atypical  agents  such  
as m m n s e r l n  [3, 4, 14, 19] B r o e k k a m p  and  his co l leagues  [21 
have  also repor ted  that  acute  admin i s t r a t ion  of  single doses  
of  severa l  d rugs  be l ieved to faci l i ta te  se ro tonerg lc  ac t iv i ty  
( f luoxetme,  f enf lu ramlne  and  qmpaz lne )  r eve r sed  the  pas- 
sive a v o i d a n c e  deficit  s h o w n  by b u l b e c t o m l z e d  rats  In the  
same s tudy it was found that  m e t e r gohne ,  a s e ro ton ln  
a n t a g o m s t  [6}, b locked  the  effect  of  f en f lu ramlne  and  
qu lpaz lne  and  also the  s imilar  effect  p roduced  by s u b c h r o n t c  
admin i s t r a t i on  o f  lmtpramlne  and  m l a n s e r m  F u r t h e r m o r e ,  
this  same r e sea rch  g roup  found  that  in jec t ions  of  lmlp- 
r amlne ,  aml t r lp tyhne ,  f luoxet lne  and se ro ton ln  into the me- 
dial amygda la  improved  the pass ive  avo idance  l ea rmng  of  
b u l b e c t o m l z e d  rats  and  this  effect  also was  b locked  by 
m e t e r g o h n e  [7] 

In con t r a s t  to these  resu l t s  Jancsb.r and L e o n a r d  [91 have  
recent ly  p re sen ted  ev idence  tha t  the effects  of  m l a n s e r m  to 
r eve r se  the hyperac t iv i ty  o f  b u l b e c t o m l z e d  rats  in an open  
field were  med ia ted  t h r ough  norad rene rg lc  m e c h a n i s m s ,  al- 

t hough  these  worker s  did not  rule out  comple t e ly  the in- 
v o l v e m e n t  of  se ro ton ln  The  p re sen t  s tudy,  the re fore ,  was  
car r ied  out  to fu r ther  ,nves t lga te  the  role of  se ro ton ln  in the  
behav io ra l  changes  p roduced  by ol fac tory  b u l b e c t o m y  in 
ra ts  The  effects  of  the  se ro ton ln  r eup take  inhib i tor  
f luoxet lne  [21] were  s tudied at severa l  dose  levels  in three  
behav io ra l  p rocedure s  In addi t ion ,  the effects  of  a second  
drug also h a w n g  a re la t ively  specific ac t ion  to inhibi t  
s e r o t o n m  reup take ,  z tmeld lne  [13]. were  inves t iga ted  usmg 
the acquis i t ion  of  a p a s s w e  avo idance  r e sponse  

GENERAL METHOD 

Suble~ t~ 

Male Wls ta r  ra ts  weighing  250-350 g were  used in all ex- 
pe r imen t s  Af ter  arr ival  f rom the supphe r  the an imals  were  
kept  in g roup  hous ing  for  severa l  days  before  the surgical 
p rocedure  was  c a m e d  out  Af ter  surgery the ra ts  were  indi- 
vidual ly housed  and  a l lowed two weeks  r ecove ry  before  the  
behav io ra l  tes t  They  were  kept  unde r  s t andard  labora tory  
cond i t ions  wi th  food and wa te r  cons t an t ly  ava i lab le  and 
l ights on f rom 7 00-19 00 hr Each  rat  was used on a single 
o c c a s i o n  

SUlgt( a/  PJo( e d m e  

Surgery  was  carr ied ou t  as previous ly  desc r ibed  12l Rats  
were  a n a e s t h e n z e d  with pentobarb~ta l ,  the skull exposed  and 
two 2 m m  holes  t r e p a m z e d  th rough  the skull 7 mm an te r io r  
to b regma  The  ol fac tory  pedunc le s  were  cut and  the bulbs  

'Requests for reprints should be addressed to D J Sanger 
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FIG 1 The effects of fluoxetme on the acqmsmon of step-down 
passwe avondance responding m bulbectomlzed and control rats 
Each ammal was tested untd ~t reached a criterion of remaining on 
the platform for 3 mm or had received 10 trials n=10 rats/group 
**p<0 01 difference from undrugged rats 
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FIG 2 The effects of fluoxetme and metergohne on the passwe 
avoidance acqmsmon of bulbectom~zed rats Fluoxetme reduced the 
number of trials to criterion and th~s effect was blocked by 
metergohne *p<0 05, **p<0 01 

r e m o v e d  by asp t ra t ton  S h a m  lessoned rats  were  t r ea ted  in an 
ldent tcal  m a n n e r  excep t  tha t  the  pedunc le s  were  not  cut  no r  
were  the  bu lbs  r e m o v e d  

Af te r  e x p e r i m e n t a t i o n  all an imals  were  killed wi th  e the r  
and  the  lemons verif ied by visual  inspec t ion  Bu lbec tomlzed  
rats  were  r e m o v e d  f rom the s tudy if less than  approx ima te ly  
75%, o f  the  bu lbs  had  been  r e m o v e d  or  if damage  e x t e n d e d  
into the  f ronta l  cor tex  S h a m  ope ra t ed  rats  were  r e m o v e d  
f rom the s tudy  if t he re  was  ev idence  of  damage  to the  olfac- 
tory  bulbs  A p p r o x t m a t e l y  10% of  an imal s  were  r e m o v e d  for  
these  r easons  and  were  rep laced  wi th  o t h e r  rats  No  a t t empt  
was  made  to cor re la te  the  e x t e n t  of  the  damage  to the bu lbs  
wi th  the  degree  of  behav io ra l  change  

E X P E R I M E N T  I 

The pu rpose  of  the  first e x p e r i m e n t  was  to a t t empt  to 
rep l ica te  and  e x t e n d  the f inding tha t  acute  admin i s t r a t i on  of  
a dose  of  f luoxet lne  would  improve  the  pass ive  a v o i d a n c e  
l ea rn ing  of  b u l b e c t o m l z e d  rats  [2] Th ree  doses  of  f luoxe t lne  
were  s tudied  and  the  drug  was  a d m l m s t e r e d  to bo th  bulbec-  
t omlzed  and  sham ope ra t ed  con t ro l s  

Method 

A total  of  80 rats  (40 b u l b e c t o m l z e d  and 40 sham oper-  
ated)  was  used in this  e x p e r i m e n t  The  rats  were  in jec ted  
wi th  e i the r  f luoxet lne  hyd roch lo r lde  (3, 10, 30 mg/kg, IP) or  
the in jec t ion vehic le  (dist i l led water ,  5 ml/kg) and 30 min 
la ter  were  t es ted  in a s t ep -down  pass ive  a v o i d a n c e  task 
Each  rat  was  p laced  on  a p la t form (7 5 x 3 0  cm) m o u n t e d  4 5 
cm a b o v e  the grid f loor of  a cage ( 3 0 x 3 0 x 2 8  cm) W h e n  the  
an imal  s t epped  off the p la t fo rm wi th  all four  paws  it r ece ived  
an electr ic  shock  th rough  the grid f loor  (0 6 m A  for 1 sec,  
Gra son -S t ad l e r  shocke r  700) T he  rat  was  then  re tu rned  to its 
h o m e  cage for 1 mln a f te r  which  it was  g iven  a s econd  trial 
This  p rocedure  was c o n t i n u e d  until  the  animal  r ema ined  on 
the p la t form for 3 mln wi thou t  s tepping  o f f o r  unti l  10 trials 
had been given 

Results 

The  effects  of  f luoxet lne  on  the acquis i t ion  of  the step- 
d o w n  pass ive  a v o i d a n c e  r e sponse  are s h o w n  in Fig 1 The 
da ta  are e x p r e s s e d  as the m e a n  n u m b e r  of  trials to the crite- 
r ion o f  3 mln on the p la t form wi thou t  s tepping  down Rats 
which  did not  r each  this  c r i te r ion  in 10 trials were  given the 
va lue  10 The  figure shows  that  while  cont ro l  an imals  learned 
very  rapidly to r emain  on the p la t form,  b u l b e c t o m l z e d  rats  
requi red  more  trials The  n u m b e r  of  trials t aken  by bulbec-  
t omlzed  rats  s h o w e d  a dose - re la ted  reduc t ion  af ter  
f luoxet lne ,  but  the  drug did not  affect  the p a s s w e  avo idance  
b e h a v i o r  of  sham o p e r a t e d  con t ro l s  It was  o b s e r v e d  infor- 
mally tha t  the h ighes t  dose  of  f luoxet lne  (30 mg/kg) r educed  
the act ivi ty  of  sham ope ra t ed  an imals  in the home  cages and  
appea red  to inc rease  the  la tency  of  these  an imals  to step off 
the p la t form on the first  trial H o w e v e r ,  these  ra ts  were not  
gross ly  debi l i ta ted  by the drug as indica ted  by the fact tha t  all 
did s tep  off  the p la t form on the  first trial, but  learned  to stay 
on the  p la t form in two or  three  trials Stat is t ical  analys is  
using a two-way  A N O V A  showed  signif icant  effects  of  the 
opera t ion ,  F (1 ,72 ) -62 ,  p < 0  001, of  d rug  dose  F(3 ,72)=6  5, 
p < 0  001, and a s ignif icant  in te rac t ion ,  F ( 3 , 7 2 ) - 6  2, 
p < 0  001 Individual  c o m p a r i s o n s  using D u n c a n ' s  test  
s h o w e d  that  f luoxet lne  p roduced  significant  r educ t ions  in the 
n u m b e r  of  trials to c r i te r ion  in the bu lbec tomlzed  rats at 10 
and 30 mg/kg 

EXPERIMENT 2 

In this  e x p e r i m e n t  an a t t empt  was made  to an tagon lse  the 
effects  of  a dose  of  f luoxet lne  (10 mg/kg, IP) by me te rgohne  
on  b u l b e c t o m i z e d  rats 

Method 

For ty  b u l b e c t o m l z e d  rats  were  injected with f luoxet lne  or 
dist i l led wa te r  30 rain af ter  rece iv ing  an oral admin i s t ra t ion  
of  me te rgohne  (10 mg/kg) or its vehicle  which  conmsted  of  
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FIG 3 The effects of zlmeldme on the acqmsztlon of a step-down 
passive avoidance response m bulbectom~zed and control rats Data 
are expressed as m Fig 1 

dist i l led wa te r  con ta in ing  two d rops  of  T w e e n  80 Thir ty  
minu tes  af ter  the  s econd  reJection each  rat  was  t es ted  in the  
s t ep -down  pass ive  a v o i d a n c e  p rocedu re  as desc r ibed  a b o v e  
S h a m  les ioned an imal s  were  not  used m th~s e x p e r i m e n t  

Results 

Figure 2 shows  tha t  f luoxet lne  at 10 mg/kg r educed  the 
n u m b e r  of  trials to learn  the  pass ive  avo idance  r e sponse  in 
b u l b e c t o m l z e d  rats  and  this  effect  was  b locked  by 
m e t e r g o h n e  at 10 mg/kg This  dose  of  m e t e r g o h n e  had  no 
effect  w h e n  g iven  a lone  These  d i f fe rences  were  con f i rmed  
s tat is t ical ly  us ing D u n c a n ' s  test ,  the  resul t s  o f  which  are 
indica ted  in Fig 2 

EXPERIMENT 3 

The  purpose  of  th~s e x p e r i m e n t  was to inves t iga te  the 
effects  o f  a n o t h e r  c o m p o u n d  k n o w n  to lnhlb~t the  r eup take  
of  se ro ton ln  Z lmeld lne  [13] was  c h o s e n  for this  pu rpose  and  
its ef fects  s tudied on  the  acqulslt~on of  the  s t ep -down  pass ive  
avo idance  r e sponse  in b u l b e c t o m l z e d  and  sham les ioned 
rats  

Method 

A total  of  125 rats  was  used The  p rocedu re  for  th~s exper-  
imen t  was  identical  to tha t  of  E x p e r i m e n t  1 e x c e p t  tha t  
z lme ldme  was used m place  of  f luoxet lne  B u l b e c t o m l z e d  or  
sham ope ra t ed  rats  were  reJected with a dose  of  z lmeld lne  
d lhydroch lo r lde  (5, 10, 20 mg/kg, IP) or  the  vehic le  and  30 
mm la ter  were  t es ted  m the acqms l t lon  of  the  s t ep -down  
pass ive  avo idance  r e sponse  

R (' s 111 t S 

The  effects  o f  zzmeldlne on  the acqms l t lon  of  the step- 
down  pass ive  a v o i d a n c e  r e s p o n s e  m b u l b e c t o m l z e d  and  con-  
trol rats  are s h o w n  in Fig 3 A more  hml t ed  range  o f  doses  of  
z~meldme than  of  f luoxe tme  was  used but  ~t is c lear  f rom the 
figure tha t  z lmeld lne  had a s imilar  effect  Z lmeld lne  
p roduced  a dose - re l a t ed  r educ t ion  in the  n u m b e r  of  trials to 
c r i t e r ion  m the  b u l b e c t o m l z e d  a m m a l s  Stat is t ical  ana lys is  
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FIG 4 The effects of fluoxetme on two-way shuttle-box es- 
cape/avoidance responding m bulbectomzzed and control rats Each 
rat was g~ven a session of 60 tnals The results are shown as the 
mean number of tnals on which animals avoided the shock and the 
mean number of trials on which they faded to escape the shock 
*p<0 05, **p<0 01 difference from undrugged rats 

s h o w e d  a s ignif icant  effect  of  the  les ion,  F( 1,117)=28 9, 
p < 0  001, and of  drug dose ,  F(3 ,117)=3 0, p < 0  05, a l though  
the  In te rac t ion  was not  s ignif icant  Figure  3 shows  the  resul t s  
of  Individual  s ta t is t ical  c o m p a r i s o n s  us ing D u n c a n ' s  tes t  
wh ich  d e m o n s t r a t e d  tha t  all doses  of  z lmeld lne  r educed  trials 
to c r l t e n o n  in b u l b e c t o m l z e d  rats  w i thou t  p roduc ing  statist i-  
cally s ignif icant  effects  in sham ope ra t ed  con t ro l s  

EXPERIMENT 4 

In addi t ion  to showing  s lower  acquis i t ion  of  a pass ive  
a v m d a n c e  r e sponse ,  b u l b e c t o m l z e d  rats  may acquire  ac t ive  
avo idance  r e spond ing  fas te r  than  con t ro l s  This  e x p e r i m e n t  
was  the re fore  car r ied  out  to inves t iga te  the  effects  of  
f luoxet lne  on a v o i d a n c e  b e h a v i o r  in a shu t t l e -box  in bulbec-  
t omlzed  and  sham les ioned  ra ts  

Method 

A total  of  80 rats  was  used Thi r ty  minu te s  a f te r  adminis -  
t ra t ion  o f f l u o x e t m e  (3, 10, 30 mg/kg, IP) or the  vehic le ,  ra ts  
were  g iven  60 cond i t ioned  e s c a p e / a v o i d a n c e  trials m a 
shu t t l e -box  (Ugo Baslle)  The  shu t t l e -box  was of  d imens ions  
5 0 × 2 8 × 2 8  cm and  was d iv ided  into two equal ly  sized com- 
p a r t m e n t s  by a par t i t ion  wi th  a hole 7 cm wide × 8 cm high 
M o v e m e n t  o f  an an imal  b e t w e e n  the two c o m p a r t m e n t s  was  
de t ec t ed  by a mlc roswl t ch  ope ra t ed  by the  p ivo ted  grid f loor  
of  the  cage Each  trial cons i s t ed  of  a cond i t ioned  s t imulus  
( C S - - t o n e  + light) of  4 sec fol lowed by a per iod  of  s t imulus  
p r e s e n t a t i o n  wi th  f o o t s h o c k  (65 V, sc rambled)  which  las ted 
for  3 sec The  tr ials  were  sepa ra t ed  by 7 sec lnter t r la l  inter-  
vals  A passage  ac ross  the box  dur ing  the  lnter t r ia l  in terval  
had no effect ,  whe rea s  shock  could  be  avo ided  dur ing  the CS 
or e scaped  dur ing  the CS + shock  by  pass ing  f rom one  com-  
p a r t m e n t  to the  o the r  Each  a m m a l  was t es ted  only  once  
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FIG 5 The effects of fluoxetlne on behavior m the Y-maze of bul- 
bectomlzed and control rats The rats were given a 3 mm period of 
exploratmn followed by a 3 mm penod of passive avoidance training 
during which they were reqmred to remain on a central platform to 
avoid continuous shock *p<0 05, **p<0 01 difference from un- 
drugged rats 

Results 

The  effects  of  f luoxe tme  on two-way  ac t ive  avo idance  
r e s p o n d i n g  m the shu t t l e -box  m b u l b e c t o m l z e d  and  sham 
ope ra t ed  rats  are s h o w n  m Fig 4 The  data  are p r e s e n t e d  as 
the  m e a n  n u m b e r  of  trials on which  ra ts  avo ided  the  shock  
p resen ta t ion  by cross ing the box  d u n n g  the CS, and  the mean  
n u m b e r  of  trials on which  they failed to e scape  the  shock  by 
c ross ing  the box  ne i the r  dur ing  the  CS no r  dur ing  the  shock  
It can  be seen  from Fig 4 tha t  the  p e r f o r m a n c e  of  the  con t ro l  
ra ts  was  poor  as these  a m m a l s  showed  re la t ively  few 
a v o i d a n c e  r e s p o n s e s  and failed to e scape  a subs tan t ia l  
n u m b e r  of  shocks  This  p e r f o r m a n c e  is typical  of  tha t  s h o w n  
by cont ro l  rats  dur ing the first  60 tr ials  of  shu t t l e -box  comh-  
t lomng  using these  p a r a m e t e r s  m our  l abora to ry  The  per- 
f o r m a n c e  of  the  undrugged  b u l b e c t o m l z e d  rats  was  cons id-  
e rab ly  be t te r ,  h o w e v e r  T h e s e  an imals  avo ided  more  shocks  
than  the  cont ro l  rats  and  s h o w e d  very  few escape  fai lures 

Sta t is t ica l  ana lys is  s h o w e d  signif icant  effects  of  the les ion 
( avo idance  r e s p o n s e s  F ( l , 7 2 ) - 6 3 , p < 0  001, e scape  fa i lures  
F ( 1 , 7 2 ) - 7 3 ,  p < 0  001) and  of  d rug  dose  ( avo idance  re- 
sponse s  F (3 ,72)=7  0, p < 0  001, e scape  fa i lures  
F (3 ,72 )=4  1, p < 0  01L but  the  in te rac t ions  were  not  statist i-  
cal ly s ignif icant  As s h o w n  in Fig 4, individual  s ta t is t ical  
c o m p a r i s o n s  using D u n c a n ' s  tes t  con f i rmed  that  f luoxe tme  
p roduced  s imilar  d i s rup t ions  of  two-way  e s c a p e / a v o i d a n c e  
b e h a v i o r  in bo th  sham ope ra t ed  and  b u l b e c t o m l z e d  rats  

E XPE RIME NT  5 

In this  e x p e r i m e n t  the  effects  of  f luoxe tme  on the explo-  
ra t ion  and  avo idance  b e h a v i o r  of  b u l b e c t o m l z e d  and  con t ro l  
rats  were  s tudied m a Y- shaped  maze  

Method  

The  Y-maze  cons i s t ed  of  th ree  a rms  each  of  d t m e n s l o n s  
40× 12×25 cm high and  hav ing  grid f loors  At  the  in te rsec-  
t ion of  the th ree  a rms  was a small  pe r spex  p la t fo rm ra ised  2 
cm above  the  grid f loor  A tota l  of  80 rats  was  used  Each  [a t  

was  injected with f luoxe tme  (3, 10, 30 mg/kg, IP) or  the 
Inject ion vehic le  and 30 m m  la ter  was  placed at the  in tersec-  
t ion of  the a rms  of  the Y-maze  For  the first 3 mm of the trial 
the exp lo ra to ry  act ivi ty  of  the an imal  was  r ecorded  as the 
n u m b e r  of  t imes  the rat  en t e red  the a rms  of  the maze ,  an a rm 
en t ry  be ing  def ined as all four  of  the a m m a l ' s  paws being 
wi th in  the  a rm After  3 mm of exp lora t ion  the  rat  was  left for  
a fu r the r  3 mm m the maze  dur ing  which  t ime Jt rece ived  
c o n t i n u o u s  electr ic  f oo t shock  (0 6 mA,  sc rambled ,  
G r a s o n - S t a d l e r  shocke r  700) w h e n e v e r  all t ou r  paws  left the 
cen t ra l  p la t fo rm This  can  be cons ide red  a pass ive  avo idance  
p rocedu re  as, m orde r  to avoid  shock ,  an animal  was  re- 
q m r e d  to stay on  the cent ra l  p la t fo rm The  n u m b e r  o f e n m e s  
into the  a rms  of  the maze  dur ing  this  second  3 mm period 
was also coun t ed  

Rt",It[ts 

The  effects  of  f iuoxe tme  on the b e h a v i o r  of  bulbec-  
tomlzed  and  con t ro l  ra ts  m the  Y-maze  are s h o w n  m Pig 5 
This  figure p resen t s  the da ta  for the 3 mm per iod of  explora-  
t ion and  also for the second  3 mm period dur ing  which  the 
ra ts  rece ived  shocks  w h e n  they left the cent ra l  p la t form of  
the  maze  There  was no d i f fe rence  m levels  of  exp lora t ion  
b e t w e e n  the undrugged  b u l b e c t o m l z e d  and  con t ro l  rats and 
f luoxe tme  p roduced  similar ,  dose - re la ted  r educ t ions  of  
exp lo ra t ion  m bo th  The  A N O V A  showed  a s tat is t ical ly sig- 
ni f icant  effect  of  drug dose ,  F ( 3 , 7 2 ) - 1 3  3, p < 0 0 0 1 ,  but 
ne i t he r  the  effect  of  the  lesion nor  the  in te rac t ion  was slgmfi- 
can t  The  resul ts  of  individual  c o m p a r i s o n s  using D u n c a n ' s  
tes t  are s h o w n  m Fig 5 Doses  of  10 and  30 mg/kg ot 
f l uoxe tme  reduced  act iv i ty  m bo th  b u l b e c t o m l z e d  and  sham 
an imal s  At the 3 mg/kg dose  the re  was a s tat is t ical ly signifi- 
can t  effect  m bu lbec tomlzed  but  not m sham ope ra t ed  rats  
As the  A N O V A  did not  show signif icant  effects  of  the lesion 
nor  a s ignif icant  in te rac t ion ,  h o w e v e l ,  the resul ts  show gen- 
erally s |ml la r  effects  of  the drug  m bo th  les ioned and non-  
les ioned rats  

Figure 5 also shows  that  dur ing  the second  3 mm period m 
the  maze ,  bu lbec tomlzed  rats  showed  more  arm ent r ies  than 
con t ro l s  It Is in te res t ing  to note  that  the n u m b e r  of  a rm 
en t r i es  of  undrugged  b u l b e c t o m l z e d  I ats was g rea te r  dur ing  
th~s second  3 mm per iod  than  dur ing  the 3 mm of u n s h o c k e d  
exp lo ra t ion  While  con t ro l  ra ts  genera l ly  learned to remain  
on the  cent ra l  p la t form and thus  avoid shock ,  the shock  ap- 
peared  to have  an ac t iva t ing  effect  m the les ioned animals  
F l u o x e t m e  p roduced  a dose - re la ted  reduc t ion  m shocked  
arm en t r i es  and  the h~ghest dose  also r educed  a im  ent r ies  in 
the  con t ro l s  Stat is t ical  ana lys i s  showed  stat is t ical ly  slgmfi- 
cant  e f fec ts  of  the les ion,  F ( 1 , 7 2 ) - 4 5 ,  p < 0  001, and of drug 
dose ,  F(3,72)=11 4, p < 0 0 0 1 ,  but  the in te rac t ion  did not 
reach  an accep tab le  level  of  s ignif icance The  resul ts  of  the 
individual  c o m p a r i s o n s  using Duncan  s tes t  are shown  m 
F~g 5 and suggest  tha t  f luoxe tme  was more  e f fechve  at re- 
duc ing  arm ent r ies  m bulbec tom~zed than  m sham les ioned 

DIS(  USSION 

Surgical  r emova l  of  the o l fac tory  bulbs  of  rats  was found 
to p roduce  a deficit  m the acquis i t ion  of  pass ive  avo idance  
r e spond ing  using bo th  a s t ep -down  task and a Y-maze  In 
con t r a s t ,  b u l b e c t o m l z e d  rats  showed  great ly  improved  per- 
f o r m a n c e  of  a two-way  shut t le  avo idance  r e sponse  These  
resu l t s  are thus  c o n s i s t e n t  with  many  prev ious  s tudies  [ I 1, 
15, 16, 17] In the p re sen t  e x p e r i m e n t  b u l b e c t o m y  did not  
a l te r  the level of  exp lo ra t ion  of  rats  dur ing  a three  minute  
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trial in the Y-maze  Prev ious  s tudies  have  s h o w n  tha t  u n d e r  
some expe r imen ta l  cond i t ions  b u l b e c t o m l z e d  rats  can  show 
great ly  e leva ted  levels  of  exp lora t ion  or  l o c o m o t o r  act ivi ty  
(e g , [9]) O t h e r  s tudies  h o w e v e r ,  have  repor ted  only small  
or  margmal  d i f fe rences  b e t w e e n  act ivi ty levels  of  cont ro l  and  
les ioned an imals  [5,15] B u l b e c t o m l z e d  rats  may  show im- 
paired hab i tua t ion  in novel  e n v i r o n m e n t s  [11] and thus  the  
shor t  trial du ra t ion  used in the  p resen t  s tudy may  have  
ensu red  that  little hab i tua t ion  o c c u r r e d  in e i the r  cont ro l  or  
les ioned animals  and  thus  min imized  the  possibi l i ty  of  a 
d i f ference  in levels  of  l ocomot ion  Al though  the  p resen t  ex- 
pe r imen t s  were not  a imed at inves t iga t ing  the  na tu re  of  the  
behav io ra l  deficit  p roduced  by  removal  of  the o l fac tory  
bulbs ,  these  resul ts  are cons i s t en t  with  the proposa l  of  
Leona rd  and  Tul te  [ 11 ] tha t  b u l b e c t o m l z e d  rats  have  a tend-  
ency  to show an " a l l - p u r p o s e '  avo idance  r e sponse  of  act ive 
locomot ion  In nove l  e n v i r o n m e n t s  This  would lead to im- 
p roved  p e r f o r m a n c e  of  an ac t ive  avo idance  re sponse ,  deft- 
c lent  pass ive  avo idance  learning and  a t e n d e n c y  for  shock  
p u n i s h m e n t  of  exp lo ra t ion  in the Y-maze  to have  an act ivat -  
ing r a the r  than a s u p p r e s s a n t  effect  on b e h a v i o r  

F luoxe t lne  was found to p roduce  a dose - re la ted  im- 
p r o v e m e n t  in the pass ive  avo idance  b e h a v i o r  o f  bu lbec-  
t omlzed  rats  in the  s t ep -down task  and in the Y-maze  The  
drug had little effect  on these  measu res  in the  cont ro l  ra ts  
excep t  to p roduce  a small  effect  in the Y-maze  at the h ighes t  
dose  T h e s e  resul ts  are thus  cons i s t en t  wi th  those  of  Broek-  
k a m p  and  his co l leagues  [2] but also ex t end  this  p rev ious  
work by provid ing  da ta  for several  doses  of  this  drug in two 
pass ive  avo idance  tes ts  in bo th  bu lbec tomlzed  and  cont ro l  
ra ts  The  conc lus ion  d rawn  f rom prev ious  work ,  tha t  
se ro ton ln  is invo lved  In the pass ive  avo idance  deficit  of  bul- 
bec tomlzed  rats  [2,7], IS also suppor t ed  by the p resen t  re- 
sults  Thus ,  the  effect  of  a dose  of  f luoxet lne  on  s t ep -down  
pass ive  avo idance  in b u l b e c t o m l z e d  rats  was  an tagon ized  by 
m e t e r g o h n e  and  the i m p r o v e m e n t  in pass ive  avo idance  per- 
f o rmance  was also p roduced  by z lmeld lne ,  wh ich ,  like 
f luoxet lne,  has been  shown  to be a relatively spectfic inhibi tor  
of  the reuptake  of  sero tonln  into presynapt lc  neurons  [13] 

In con t r a s t  to the appa ren t ly  specific e t fec ts  of  f luoxet lne  
and z lmeld lne  in b locking  the deficit  p roduced  by ol fac tory  
b u l b e c t o m y  on pass ive  avo idance  learning,  f luoxet lne  did 
not have  specific effects  on  the b e h a v i o r  of  b u l b e c t o m l z e d  
rats  w h e n  measu re s  of  ac t ive  avo idance  and exp lora t ion  
were  t aken  B u l b e c t o m l z e d  rats  showed  great ly  improved  
pe r fo rmance  in the  shu t t l e -box  but  f luoxet lne  had s imilar  
effects  in bo th  les ioned and  con t ro l  an imals  T h e s e  resul ts  
can  be c o m p a r e d  with those  of  A r c h e r  and  c o w o r k e r s  [1] 
who  recent ly  found  that  acute  admin i s t r a t ion  of  z lmeld lne  

and  f luoxet lne  d i s rup ted  the acquis i t ion  of  two-way  but  not  
of  one -way  avo idance  in normal  rats  In the  p re sen t  s tudy it 
was  also found tha t  f luoxet lne  p roduced  s imilar  r educ t ions  in 
exp lo ra to ry  b e h a v i o r  in bo th  b u l b e c t o m l z e d  and  cont ro l  rats  
P rev ious  s tudies  have  shown  that  af ter  r epea t ed  admin i s t ra -  
t ion of  o the r  a n t i d e p r e s s a n t  drugs  the hype rac t iv i ty  of  bul- 
b e c t o m l z e d  rats  is r educed  [9] It mus t  be no ted ,  however ,  
tha t  the measu re  of  exp lo ra to ry  act ivi ty used in the p resen t  
s tudy was not  sens i t ive  to the  effects  of  the  ope ra t ion  

Mos t  s tudies  of  the effects  of  r epea ted  admin i s t r a t ion  of  
a n t i d e p r e s s a n t  drugs  in bu lbec tomlzed  rats  [3, 4, 19] suggest  
tha t  these  drugs reverse  m a n y  or  all of  the behav io ra l  and 
ho rmona l  changes  p roduced  by the lesion The  p resen t  re- 
suits ,  in con t ras t ,  show that  acute  admin i s t r a t ion  of  
f luoxet lne  can  affect  pass ive  avo idance  but  not  ac t ive  
avo idance  in b u l b e c t o m l z e d  rats  One  in te rp re ta t ion  of  this 
result  is that  the pass ive  avoidance  deficit may involve dif- 
fe rent  neu rochemlca l  m e c h a n i s m s  O t h e r  r e s ea r che r s  [9] 
have proposed  that  different  behaviora l  changes  produced  by 
b u l b e c t o m y  may involve  di f ferent  m e c h a n i s m s ,  and  it is 
k n o w n  that  the lesion gives rise to changes  in a var ie ty  ot 
neu rochemlca l  sys t ems  [8,10] 

Final ly,  a l though the  p resen t  resul ts  suggest  tha t  ln- 
h lbl tors  of  se ro ton ln  r eup take  p roduce  specific effects  on 
pass ive  avo idance  b e h a v i o r  of  bu lbec tomlzed  la ts ,  the 
possibi l i ty  needs  to be cons ide red  that  this effect is p roduced  
by a t endency  for  these  drugs  to give rise to a general  de- 
p ressan t  effect  on  b e h a v i o r  Thus ,  it might  be argued that  the  
apparen t ly  improved  pass ive  avo idance  learning might  have  
resul ted  f rom a t e n d e n c y  for  f luoxet lne  and z lmeld lne  to re- 
duce  act ivi ty levels ,  an effect  not  o b s e r v e d  on the pass ive  
avo idance  b e h a v i o r  of  con t ro l  rats  because  of  the rapid rate 
of  learn ing  of  these  an imals  Cons i s t en t  with  this possibi l i ty  
are the f indings tha t  f luoxet lne  at 10 and 30 mg/kg reduced  
exp lo ra to ry  b e h a v i o r  in bo th  b u l b e c t o m l z e d  and cont ro l  rats 
Cer ta in ly  this  in t e rp re ta t ion  canno t  be ruled out ,  par t icu-  
larly with  the h ighes t  dose  o f f l u o x e t l n e ,  which  was obse rved  
to have  a general  d e p r e s s a n t  effect  H o w e v e r ,  o the r  obse rva -  
ions suggest  tha t  the ac t ions  of  f luoxet lne  and z lmeldlne  on 
the pass ive  avo idance  b e h a v i o r  of  bu lbec tomlzed  rats  may 
be specific in part lcula~,  a n u m b e r  of  p rev ious  s tudies  have  
s h o w n  that  admin i s t r a t ion  of  dep re s san t  drugs  at re la t ively  
high doses ,  including ch lo rd lazepox lde ,  ch lo rp romaz lne  and 
c lonldlne ,  does  not  affect  pass ive  avo idance  acquis i t ion  in 
bu lbec tomlzed  rats  [2, 3, 4, 19] Also,  o ther ,  unpub l i shed ,  
work  f rom the  p resen t  authors"  l abora to ry  and  the work of  
A r c h e r  and  his co l leagues  [I] suggests  tha t  the doses  of  
z lmeld lne  ac t ive  in this s tudy do not  have  grossly debi l i ta t ing 
e t fec ts  on b e h a v i o r  
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