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GADI)Y, I.. R. AND I). B. NEILL. Enhancement of the locomotor response to d-amphetamine by olfactory btdh damage 
bz rats. PI-IARMAC. BIOCItEM. BEHAV. 5(2) 189-194,  1976. - Bilateral removal of approximately 60% of the 
olfactory bulbs of ovariectomized female rats enhanced the locomotor response to d-amphetamine. The bulb damage 
did not reliably alter amphetamine-induced stereotypy or anorexia. The results were interpreted as being consistent 
with the idea that the olfactory bulbs may exert an inhibitory influence over some aspects of behavior in rats. 
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B I L A T E R A L  removal  of the  o l fac to ry  bulbs  in the  rat  
p roduces  behaviora l  effects  which  are o f t en  diff icul t  to 
in te rpre t  as due solely to a loss of sensory facil i ty [ 2 , 15 ] .  
Consequen t ly ,  it has been  p roposed  t ha t  the  diverse 
behavioral  changes  fol lowing bi lateral  b u l b e c t o m y  indicate  
a general  " m o d u l a t i n g "  func t ion  of  the  o l fac to ry  bulbs  on 
behavior  which  may be i n d e p e n d e n t  of  sensory func t ion  
[6] .  

In t ry ing to pa rs imonious ly  accoun t  for the spec t rum of  
changes in behav ior  p roduced  by b u l b e c t o m y ,  some in- 
vest igators  have suggested tha t  the  bu lbs  may exer t  an 
inh ib i to ry  inf luence  on many  behaviors .  Thus,  rats wi th  
bulb  damage may  be s o m e w h a t  hyperac t ive  in tests  of  
s p o n t a n e o u s  act ivi ty [ 2 4 , 3 3 J ,  acquire  2-way avoidance  
responding  faster  than  normal  [ 3 3 , 3 6 ] ,  barpress  at higher  
than con t ro l  rates for food [ 2 5 ] ,  and show subnorma l  
levels of  s p o n t a n e o u s  a l t e ra t ion  [ 14 ,24] .  

Many of  the  above  behaviora l  a l t e ra t ions  are also 
charac ter i s t ic  of lesions in a n u m b e r  of  brain regions in rats,  
such as the s ep tum [9 ,171 ,  h i p p o c a m p u s  [ 1 3 ] ,  and  
midbra in  raphc  nuclei  [ 3 0 ] .  In add i t ion ,  lesions of  these  
lat ter  areas enhance  the l o c o m o t o r  response  to systemical ly  
admin i s te red  a m p h e t a m i n e  [8, 10, 2 7 ] ,  which  is cons i s ten t  
with the  idea tha t  these areas exer t  an inh ib i to ry  inf luence  
over many  behaviors .  

The  fo l lowing expe r i m en t s  were c o n d u c t e d  to examine  
the hypo thes i s  tha t  the  o l fac to ry  bulbs ,  like the  above brain 
regions, may play an i nh ib i t o ry  role in some aspects of 
behavior .  We examined  the ef fec t  of b u l b e c t o m y  on 3 
separate  behaviora l  ef fects  of  a m p h e t a m i n e :  increased 

l o c o m o t o r  act ivi ty ,  decreased food in take ,  and s t e reo typed  
behavior .  Three  measures  were used to evaluate  the  
specifici ty of the  o l fac to ry  inf luence  on the  behaviora l  
effects  of a m p h e t a m i n e .  

M E"I'H O 1.) 

Animals 

T w e n t y  three  9 0 - 1 2 0  day old female Long-Evans rats 
ob ta ined  f rom Marland Farms  (N J) were ovar iec tomized  
soon af ter  thei r  arrival in the  l abora to ry  in o rder  to 
e l iminate  c o n f o u n d i n g  inf luences  f rom cyclicly varying 
levels of  ovarian hormones .  Th i r t een  o f  the  animals  
u n d e r w e n t  o l fac tory  bu lb  ab la t ion  by  the  m e t h o d  of  
Edwards  and Warner  [ 1 6 ] ;  the  remain ing  10 cont ro l s  were 
sham-opera ted  by open ing  the scalp and removing  some of  
the f ronta l  bone.  The  wound  was then  su tured  shut  
fol lowing the  local appl ica t ion  of an an t ib io t ic .  A per iod of  
2 - 6  weeks af ter  surgery was al lowed before  the  first 
behavioral  tests. The  animals  were housed  in groups  of  3 - 4  
for all expe r imen t s  except  the  tests  of food intake.  One 
bu lbec tomized  animal  died as a result  of  resp i ra tory  
in fec t ion  before  the  food- in take  expe r imen t .  The experi-  
men t  was c o n d u c t e d  as an original s tudy  and a repl icat ion.  
Since the  data  were cons i s ten t  be tween  the 2 studies,  they  
arc presen ted  as a single expe r imen t .  

Procedure 

Amphetamine-induced stereotypy. While low doses of  
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a m p h e t a m i n e  usually increase l o c o m o t o r  act ivi ty in the  rat, 
higher  doses result  in lowered scores [ 3 4 ] .  This decrease in 
l o c o m o t o r  act ivi ty is due to the emergence  of repet i t ive  
s ta t ionary  sniff ing or gnawing behaviors  which  are in- 
compa t ib l e  wi th  high levels of l o c o m o t o r  act ivi ty.  These 
behaviors  are classed as " ' s tereotypy. ' "  A l though  s t e reo typy  
may somet imes  include repe t i t ive ly -pa t t e rned  l o c o m o t o r  
activity in individual  rats, most  animals  sett le into  a pa t t e rn  
of  s t a t iona ry  behaviors .  There fore ,  an a m p h e t a m i n e -  
induced l o c o m o t o r  act ivi ty dose-response  curve typical ly  
shows an inver ted U pa t te rn .  Since the  fall-off of  l o c o m o t o r  
act ivi ty at higher  doses is due to c o m p e t i n g  s t e reo typ ic  
behaviors ,  the absence  of l o c o m o t o r  act ivi ty at high doses 
of a m p h e t a m i n e  is indicat ive of  the  presence of  s t e reo typy .  

S t e r eo typy  was measured  in eight 29.0 x 18.0 x 17.5 
cm s labi l imeters  cons t ruc t ed  of black Plexiglas wi th  wire 
mesh floors on a cent ra l  fulcrum.  The lid of  the appa ra tus  
was clear Plexiglas, a l lowing direct  observa t ion  of  the 
animal  dur ing  tests. Crossings of the  rat f rom one end of  
the box to the  o the r  t i l led the  f loor slightly and closed a 
microswi tch  on one end.  These  devices were designed to 
detect  gross l o c o m o t o r  act ivi ty and not  fine m o v e m e n t s  
such as sniffing. The  s tab i l imeters  were located in a 
sound-a t t enua t ing ,  da rkened  room.  S tab i l imete r  crossings 
were au tomat i ca l ly  recorded by an Ester l ine-Angus event  
recorder  and impulse  counters .  

Each rat was placed in a s lab i l imeter  for a 30 min 
adap ta t i on  period and then  injected in t raper i tonca l ly  tIP) 
with 4.0 mg/kg of d - a m p h e t a m i n e  sulfale tSmi th ,  Klme, 
and F rench )  in an isotonic  saline vehicle. Tile dura l ioq  of  
s t e reo typy  was measured by observing the rise in stabili- 
mete r  crossings which  fol lows a m p h e t a m i n e  admin i s t r a t ion ,  
the sudden cessat ion of crossings a t t e n d a n t  to s t e reo typy ,  
and finally, the  reemergence  of crossings. Since pilot work 
had indicated that  hab i t ua t i on  effects  f rom repeated test ing 
t ended  to lower crossing scores dur ing  the emergence  from 
s te reo typy  and thus  obscure  the d e t e r m i n a t i o n  of  
emergence  f rom s t e reo typy ,  the s t e r eo typy  tests were 
conduc ted  before  tes t ing the l o c o m o t o r  response to 
a m p h e t a m i n e .  The  fact tha t  the animals  were in s t e reo typy  
was verified by direct  observa t ion .  

The  a m o u n t  of  t ime each animal  spent in s t e reo typy  was 
de t e rmined  f rom the event  records by the fol lowing 
method .  The first cessat ion of r e spond ing  which  occurred  
within 1 hr of  drug admin i s t r a t i on  was designated as the 
onset  of  s t e reo typy .  " 'Cessation of r e s pond i ng"  was def ined 
as a crossing rate of  less than  2 in any 5 rain period for a 
m i n i m u m  interval  of 15 min. Emergence  from s t e reo typy  
was cons idered  to have taken  place when  at least 3 
consecut ive  5 min intervals occur red  in which the response  
rate was greater  than the  cr i ter ion value for " 'cessation of  
r e spond ing . "  Tota l  t ime spent  in s l e r eo typy  was c o m p u t e d  
for each animal  by su ,nming  the  a m o u n t  of  t ime classified 
as " 'cessation of r e s pond i ng"  be tween  onse t  of  and emer- 
gence f rom s te reo typy ,  l . o c o m o l o r  act ivi ty was measured  
concur ren t ly  by the  m e t h o d  descr ibed below. 

Amphetamine-induced locomotor activity, l , o c o m o l o r  
activity (crossings)  was measured  in the same s tah i l imeters  
used for the  s t e reo typy  test. The animals  were placed in the 
chambers  for a 30 rain a d a p t a t i o n  period,  af ter  which  they 
were given an IP inject ion of a m p h e t a m i n e  or isotonic  
saline, and crossings were recorded every ~- hr  for 3 hr. This 
tes t ing began 2 days af te r  the s t e reo typy  test and con t inued  
with 2-day intervals  be tween  tests. Saline was given on the 
first test,  I.(1 mg/kg of d - a m p h e t a m i n e  on the second,  2.0 

mg/kg on the third,  0.5 mg/kg on the four th ,  and saline 
again on the  f if th test. All in ject ions  were 1.0 ml /kg  of 
vehicle or vehicle plus drug. Periodic observa t ion  of each 
animal  was pe r fo rmed  to de t e rmine  if severe s t e reo typy  was 
occurr ing  dur ing  l o c o m o t o r  act ivi ty tests. 

A mphetamine-induced suppression oJJood intake. Upon 
comple t ion  of  l o c o m o t o r  testing, animals  were singly 
housed anti body  weight unde r  an ad lib feeding schedule  
measured for each animal.  A food depr iva t ion  regimen was 
then  ini t iated that  ma in ta ined  each animal  at 85% of its ad 
lib body  weight for at least I week before  drug tes t ing 
began. 

At lhe beg inn ing  of a lest each animal  was given a 
preweighed 15 20 g por t ion  of  dry food pellets (Pur ina  
Lab Chow)  in its h o m e  cage. Tile remain ing  pellets were 
removed % hr later and weighed to the nearest O.l g to 
de t e rmine  the a m o u n t  eaten.  Food  hits benea th  the cages 
of bo th  groups  were measured to de t e rmine  it drug 
t r ea tmen t  af fected spillage. The  pract ice  was d i scon t inued  
in the  repl icat ion,  however ,  since inspect ion  of the data 
from the original s tudy  showed no dif ferences  in spillage 
be tween  groups. Food  intake was measured  after  in ject ions  
in the fol lowing order:  saline, 0.5 mg/kg,  1.0 mg/kg, 2.0 
mg/kg, and saline. Tests were c o n d u c t e d  daily, wi th  drug or 
saline in ject ions  given every third day. This p rocedure  
assured that  food in take  had re turned  to baseline before  
subsequent  saline or drug was given, thus  prec luding 
cumula t ive  drug effects.  Drugs were injecled intra- 
per i loneal ly  in a volume of 1 ml /kg  vehicle or vehicle plus 
drug 20 rain before  testing. 

Lesion Evaluation 

Bulbec tomized  animals  were sacrificed under  deep 
ba rb i tu r a t e  anes thes ia  by in t racardia l  perfus ion with normal  
saline fol lowed by 10% Formal in .  The  brains were removed 
from the skull at the t ime of sacrifice and fixed in 10% 
Formal in .  Fol lowing f ixat ion,  each brain was examined  
under  a dissect ing microscope.  The  ex te rna l  features  of the 
o l fac tory  bu lb  were used as l andmarks  in order  to deter-  
mine lhe ~,mount of bu lbar  tissue missing. The olfach~ry 
bulb is c o n n e c t e d  to the r ema inde r  of  the cerebral  
hemisphere  by tile o l fac tory  pedunc le  which  lies be tween  
the o l fac tory  bulb  and the o l fac lory  tubercle .  If the brain  
of a rat is viewed ventra l ly ,  a circular  groove lhe circular  
fissure at the base of the o l fac tory  is easily seen. This 
gToove marks  the b o u n d a r y  be tween  the o l fac tory  bull) and 
the o l fac tory  peduncle .  The  region rostral  to lhe circular  
fissure conipr ises  the main and accessory o l fac tory  bultp, 
and the anlerk)r  por t ion  of the an te r io r  o l fac lory  nucleus:  
the region caudal to the circular  fissure is the o l fac lory  
peduncle  and con ta ins  with  it the remain ing  cell s t ruc ture  
of tile an te r io r  olf:-atory nucleus.  The amoun t  o t  lissue 
missing an te r io r  to the circular  fissure was drawn on 
previously prepared  brain drawings. Each con ta ined  two 
drawings of a rat brain.  One drawing depic ted  the brain as 
viewed dorsal ly;  the  o the r  drawing depic ted the brain  as 
viewed ventral ly .  Damage was quant i f i ed  by dividing the 
area of the drawing an te r io r  to the circular  fissure into 
quadran ts .  "file a m o u n t  of  tissue missing in each quadran l  
was then es l imated .  [ 'or  any given brain.  Ibe avervge of 
these 4 values la dorsal  and ventra l  view for each bulb)  was 
taken us the es t imate  (71" the percentage  of o l fac lory  bulbs 
missing. Fol lowing these procedures ,  lhe brains were 
embedded  m celloidin and every fifth 50 u c o n m a l s e c l i o n  
stained w ilh cresyl violet for hislological  evalual ion.  
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Data Evaluat ion 

The s t e r eo typy  results  were evaluated by a t test for 
i n d e p e n d e n t  samples  [321.  L o c o m o t o r  response  and food 
intake suppress ion  dose-response  curves were evaluated  by 
repea ted-measures  analyses of  var iance  [ 3 7 ] .  Since the 4 .0  
mg/kg dose resul ted in severe s t e reo typ ic  behaviors ,  in- 
compa t ib l e  wi th  l o c o m o t o r  act ivi ty ,  l o c o m o t o r  act ivi ty 
scores f rom this dosage level were o m i t t e d  from the  
analysis. Saline measures  t aken  at the  beg inn ing  of  the  dose 
series were c o m p a r e d  wi th  those  taken  at the  end of  the  
series to de tec t  any  cumula t ive  drug effects.  

RESULTS 

Lesions 

Bilateral o l fac to ry  bu lb  damage ranged from 37.5% to 
66.8%. The  average damage was 59.1%. Diagrammat ic  
r ep re sen ta t ion  of  this  damage is shown  in Fig. 1. Dissec- 
t ion-microscope  e x a m i n a t i o n  revealed no visible damage  to 
the f ronta l  cor tex  or any o the r  por t ion  of the brain  o the r  
than the o l fac to ry  bulbs.  E x a m i n a t i o n  of  50 u cresyl 
violet-s tained sect ions  showed  g lomeru la r  degene ra t i on  in 
the lateral aspect  of the remain ing  po r t i ons  of the  bulbs.  
Glomeru l i  on the  medial  aspect  of the  remain ing  bu lbs  were 
of ten  left  qui te  intact .  Eight of  the 13 brains  exh ib i t ed  at 
least some gliosis or loss of  tissue in the  accessory o l fac to ry  
bulb. Gliosis was found  in the an te r io r  o l f ac to ry  nuclei  of  
only 2 brains.  In 6 of the  bra ins  some f ron ta l  cor tex  gliosis 
was noted.  Because f ron ta l  cor tex  ab la t ion  po t en t i a t e s  the  
l o c o m o t o r  response  to a m p h e t a m i n e  [18,  19, 23 ] ,  we paid 
close a t t e n t i o n  to any f ronta l  gliosis. This  damage,  however ,  
was so slight tha t  it was de lec tab le  only in a few s ta ined 
sect ions and was l imi ted to the ou te r  lamellae of  the  cor tex .  
There  was no appa ren t  cor re la t ion  be t w een  f ronta l  gliosis 
and any behaviora l  response  to d - am phe t am i ne .  A sect ion 
th rough  the  r emain ing  por t ion  of one  of  the  most  severely 
damaged bulbs  t aken  at the level of  the  accessory o l fac tory  
b tdb using the  brain  o r i en t a t i on  of  Pellegrino and C u s h m a n  
1281 is shown in Fig. 2. 

St ereo t y p y  

The b u l b e c t o m i z e d  group spent  an average of  I 11.6 rain 
in s t e reo typy  while the sham-opera ted  group spent  an 
average of  131.6 m i nu t e s  in s t e reo typy .  These  means  were 
not s tat is t ical ly d i f fe rent  ( t ( 2 2 ) =  0.43,  p > 0 . 0 5 ) .  

L o c o m o t o r  Response  

The dosc-rcsponse  curves for the l o c o m o t o r  responses  of  
bo th  groups af ter  a m p h e t a m i n e  admin i s t r a t i on  arc pre- 
sented in Fig. 3. The  n o n - m o n o t o n i c  na tu re  of  these 
dose-response curves was expec ted  since, as no ted  in the  
in t roduc t ion ,  s t e r eo typy  occurr ing  at high doses of  amphe t -  
amine  is usually i ncompa t ib l e  wi th  l ocom ot i on .  The  con t ro l  
g roup ' s  compara t ive ly  high l o c o m o t o r  score at 4 .0  mg/kg  is 
due to a single an imal  whose  s t e reo typy  pa t t e rn  consis ted 
of s i t t ing on the axis of  the tilt f loor  and successively 
shif t ing her  weight  l 'rom one  side to the o ther .  If this 
an imal ' s  score is o m i t t e d  from the data.  the mean  value of  
l ocomoto r  act ivi ty for the con t ro l  g roup  is reduced to 174 
crossings. An analysis of var iance for repeated  measures  
over all bu t  the  highest  dose of  a m p h e t a m i n e  indica ted  that  
bu lbec tomized  animals  showed higher  l o c o m o t o r  responses  
to a m p h e t a m i n e  than  did the con t ro l  animals  ( F ( I , 2 1 )  = 
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FIG. 1. Diagrammatic representation of olfactory bulb damage. 
Black area represents minimum damage; black plus shaded area 

represents maximal damage to brains fixed in 10% formol-saline. 

6.25, p < 0 . 0 1 )  and tha t  there  was a s ignif icant  in te rac t ion  
be tween  o l fac to ry  bu lb  ab la t ion  and a m p h e t a m i n e  dose 
(F (3 ,63)  = 3.63, p < 0 . 0 2 5 ) .  Both  groups  exh ib i t ed  signifi- 
cant  dose -dependen t  increases in l o c o m o t o r  act ivi ty 
(F (3 ,63)  = 13.1, p < 0 . 0 1 ) .  Compar i son  of  first and last 
.saline test  scores revealed no signif icant  d i f ferences  be tween  
groups (F (1 ,21 )  = 0.39,  p , 0 .05 )  or test ( F ( 1 , 2 1 ) =  1.37, 
p ' - ,0 .05) ,  and no in te rac t ion  effect  (I-:(1.21} = 1.2(~, 
p . 0 . 0 5 ) ,  providing evidence against cumula t ive  drug 
effects.  

Food  In take  Suppress ion  

As shown in Fig. 4, b o t h  groups  of animals  showed 
comparab le  a m p h e t a m i n e - i n d u c e d  suppress ions  of  food 
in take  in a dose -dependen t  fashion ( F ( 3 , 6 0 ) =  164.4, 
p < 0 . 0 0 1 ) .  However .  there  was no d i f ference  be tween  
groups (F (1 ,20)  = 0.7, p ~0.05) nor  was there  a s ignif icant  
in te rac t ion  he tween  o l fac tory  bu lb  ab la t ion  and am- 
phe t amine  dose (F (3 ,60 )  = 0.1, p > 0 . 0 5 ) .  

DISCUSSION 

These e x p e r i m e n t s  d e m o n s t r a t e d  tha t  while bi lateral  
o l fac tory  bu lb  ab la t ion  in the rat enhanced  a m p h e t a m i n e -  
induced l o c o m o t o r  act ivi ty,  it did not  rel iably affect  ou r  
par t icular  measure  of a m p h e t a m i n e - i n d u c e d  s t e r co typy  or 
anorexia .  These  results  are cons i s t en t  wi th  the  idea 
proposed on the basis of  o the r  exper inaents  (see In t roduc-  
t ion)  tha t  one  aspect of  the bu lbs '  inf luence  on behav ior  is 
inh ib i to ry  in nature .  

Our  f inding that  b u l b e c t o m y  selectively al tered the  
l o c o m o t o r  response  to a m p h e t a m i n e  is also in agreement  
with work showing  that  the effects  of a m p h e t a m i n e  on 
l o c o m o t o r  act ivi ty,  s t c r eo typy ,  and food in lake  are p robab-  
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FIG. 2. A. Coronal section through normal olfaciory bulb. B. Coronal section through olfactory bulb with severe tissue loss antcrmr It) plane 
of section. 36X for both sections. Line = 1 ram. AOB, Accessory Olfactory Bulb: AON, Anterior Olfactory Nucleus. Section orientation tha! 

of Pellegrino and ('ushman [ 28 ]. 

ly due to the drug 's  ac t ions  on func t iona l ly  separate  neural  
systems.  Expe r imen ta l  results  publ i shed  to date  indicate  
tha t  a m p h e t a m i n e  may increase l o c o m o t o r  act ivi ty by 
increasing brain dopamincrg ic  t ransmiss ion  [ 2 2 , 3 1 ] ,  per- 
haps in the  mesol imbic  d o p a m i n e  sys tem [ 2 9 ] ,  but  
p robab ly  p roduces  s t e reo typy  by increasing dopaminerg ic  
t ransmiss ion  in the  corpus  s t r i a tum [ 4 ,26 ] .  It is possible 
that  our  a u t o m a t e d  measure  of s t e r eo typy  did not  de tec t  
changes in some of the c o m p o n e n t s  of s t e r eo typy  b rough t  
abou t  by the b u l b e c t o m y .  Such selective changes,  e.g., in 
sniff ing but  not  gnawing,  have been shown  by ( 'os ta l l  and 
Naylor  [1 I ]. Nonethe less ,  we could not  de tec t  any defici t  
in the cessat ion of  l o c o m o t o r  act ivi ty which  is usually 

a t t e n d a n t  to severe s t e reo typy  [341 produced  by amphe ta -  
mine. The  anorexic  effect  of the drug appears  due to an 
act ion on c o m p o n e n t s  of the vent ra l  noradrenerg ic  bund le  
t i t .  

Since tile food in take  series was always pe r fo rmed  af ter  
the l o c o m o t o r  series, it is possible tha t  the lack of  
d i f ferences  be tween  lesioned and con t ro l  g roups '  food 
intake was due to recovery from les ion- induced hyper-  
sensit ivi ty to a m p h e t a m i n e .  Glick has no ted  such phenom-  
ena fol lowing f ronta l  lesions [ 18 ,10] .  We believe tha t  this is 
an unl ikely exp lana t ion  for the d i f ferent  results. Such 
t ime-dependen t  d i f ferences  are usually found  compar ing  
tests pe r fo rmed  wi th in  a few days of  lesioning wi th  those  
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FIG. 3. Locomotor response in stabilimeter devices to different 
doses of d-amphetamine for rats with olfactory bulbectomy (bulb-x) 

or sham operations. 

tests pe r fo rmed  several weeks af te r  les ioning [ 1 8 ] .  We 
al lowed a m i n i m u m  of 3 weeks for recovery f rom surgery 
before  tes t ing was ini t ia ted.  Thus,  these tests  are p robab ly  
not  as suscept ib le  to the  large d i f ferences  seen in c o m p a r i n g  
immedia te  pos t les ion  m e a s u r e m e n t s  wi th  la ter  measure-  
ments .  In the init ial  pe r f o r m ance  of  this expe r imen t ,  
l o c o m o t o r  act ivi ty  tests  were c o n d u c t e d  a p p r o x i m a t e l y  6 
weeks postsurgery .  In the  repl ica t ion,  l o c o m o t o r  tests were 
conduc t ed  a p p r o x i m a t e l y  3 weeks postsurgery .  Regardless 
of the  d i f ferences  in recovery t ime,  da ta  f rom the  2 
repl ica t ions  were indis t inguishable .  

C o m b i n i n g  the results of the present  e x p e r i m e n t s  wi th  
the above,  it is possible tha t  the o l fac to ry  bulbs  exer t  an 
inh ib i to ry  inf luence  over neural  act ivi ty in the  meso l imbic  
dopaminerg ic  system.  This  system has been speculat ively  
l inked wi th  the o l fac to ry  sys tem on the  basis of  compara-  
tive n e u r o a n a t o m y  and  behaviora l  obse rva t ions  [ 1 2 ] .  
A l though  o l fac to ry  b u l b e c t o m y  has been  repor ted  to lower 
forebra in  levels of  no r ep i neph r i ne  [7 ,301 ,  this  ef fec t  is only  
seen if the  lesions invade the o l fac to ry  pedunc le  (D. 
Edwards,  personal  c o m m u n i c a t i o n ) .  Since our  lesions did 
not enc roach  upon  the peduncle ,  it is no t  likely tha t  a 
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FIG. 4. Intake of dry food pellets in a 30 min test under different 
doses of d-amphetamine for rats with olfactory bulbectomy (bulb-x) 

or sham operations. 

change in forebra in  n o r e p i n e p h r i n e  levels was involved in 
the drug-lesion in te rac t ion .  

Some of  the  ef fec ts  of  o l f ac to ry  bu lb  damage on  
species-specific behaviors  in the  rat may be related to an 
a l te ra t ion  of the animals '  responsiveness  to arousing st imuli .  
For  ins tance,  b u l b e c t o m y  has been  shown to enhance  
sexual respons iv i ty  in the female rat  [ 1 6 ] .  A m p h e t a m i n e ,  
when  injected in to  female rats bear ing lesions of the  
an te r io r  h y p o t h a l a m u s ,  reverses the deficit  in sexual re- 
cept ivi ty  which fol lows the  lesions 120[.  It may be tha t  the 
o l fac tory  bulbs  are func t iona l ly  i nh ib i t o ry  over a catechol-  
aminergic  mechan i sm which  is fac i l i ta tory  on recept ivi ty .  
Finally,  the  present  f indings with the rat may  be species- 
specific, because b u l b e c t o m y  increases general  act ivi ty in 
mice but  does not  al ter  thei r  response  to a m p h e t a m i n e  [5 ] .  

It must  be no ted  tha t ,  as suggested some t ime ago by 
Herrick [211,  the o l fac to ry  bulbs  also appear  to exert  
exc i t a to ry  inf luences  on arousal  processes [3 ,6 ] .  The 
separa t ion  of the  exc i t a to ry  and inh ib i to ry  ac t ions  of  the 
o l fac tory  bulbs  on behavior  is a task for fu tu re  studies.  
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