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YOSHIMURA, H., Y. GOMITA AND S. UEKI. Changes in acetylcholine content in rat brain after bilateral olfactory 
bulbectomy in relation to mouse-killing behavior. PHARMAC. BIOCHEM. BEHAV. 2(5) 703-705, 1974. - Acetyl- 
choline (Ach) content was measured in 5 discrete areas of rat brain following bilateral olfactory bulbectomy. The rats 
with olfactory bulbectomy (O.B. rat) exhibited significantly lower Ach levels in the cortex than intact and sham- 
operated controls. However, there was no significant difference in Ach level of all brain areas between the killer and 
non-killer O.B. rats. These results may suggest that cortical cholinergic function is activated by bulbectomy, but the 
change in cortical Ach level is not related to muricide. 

Olfactory bulbectomy Mouse-killing Brain acetylcholine 

B I L A T E R A L  olfac tory  bu lbec tomy has been known to 
induce mouse-kill ing behavior  (muricide)  in rats [7 ,14] .  It 
was also repor ted  that  this behavior  could be depressed by 
certain classes of  drugs, such as antidepressant and tran- 
quilizing drugs [6 ,12] ,  and be facili tated by p-chlor- 
phenylalanine instead [4] .  

There have been, however ,  a few reports  which dealt  
with biochemical  changes in the brain fol lowing bulbec- 
tomy.  The recent  s tudy of  Eichelman et al. [5] indicated 
that  bilateral o l fac tory  bu lbec tomy  in rats resulted in a 
lower cortical  norepinephr ine  level wi thout  altering dopa- 
mine and serotonin levels and that  there was no difference 
be tween  the killer and non-kil ler  rats. Similar changes in 
cort ical  amines were also observed by Pohorecky etal.  
[8 ,9] ,  a l though they did not  ment ion  behavioral  changes of  
rats. On the o ther  hand, there was no repor t  concerning 
changes in brain Ach level, a l though it was assumed that  
this substance played an impor tan t  role in behavior  and 
varied with activity of  the brain funct ion.  It has also been 
repor ted  that  drugs which depressed muricide,  such as 
antidepressants  and tranquilizers,  had influences on the 
central  cholinergic system [ 1, 2, 3] .  

In this investigation,  therefore ,  the authors a t t empted  to 
elucidate the correlat ion be tween  the brain Ach levels and 

muricide induced by bilateral o l factory bu lbec tomy.  Ach 
contents  were est imated in 5 discrete areas of  the rat brain, 
since a knowledge of  regional biochemical  changes in the 
brain was necessary for unders tanding behavior as described 
by Weiss and Heller [ 15 ]. 

METHOD 

Animals 

Male Wistar King-A rats, weighing be tween  160 and 
180 g at the t ime of  surgery, which were supplied from the 
inst i tute of  laboratory  animals in Kyushu University,  were 
used in the experiments .  All the animals were housed 
th roughout  the exper imenta l  period in individual cages, 
18 x 17 × 17 cm, with wire mesh walls, and were given 
food and water  ad lib. The animals were maintained at a 
r o o m  tempera ture  of  23 + 1 ° C and in a relative humidi ty  o f  
60%. 

Procedure 

The rats were divided into the intact ,  sham-operated and 
bilateral o l factory bu lbec tomized  groups. The surgery was 
per formed under  pentobarbi ta l  anesthesia (40 mg/kg, i.p.). 
The olfactory bulbs were bilaterally removed by suct ion 
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T A B L E  1 

EFFECTS OF BILATERAL OLFACTORY BULBECTOMY ON BRAIN ACETYLCHOLINE LEVELS IN RATS 

Number of Acetylcholine content (#g/g tissue) 

Group Animals Cortex Striatum Amygdala Diencephalon Brainstem 

Intact 13 1.99 -+ 0.22 6.47 -+ 0.68 4.61 -+ 0.60 4.07 -+ 0.51 4.21 ± 0.54 

Sham Operated 9 1.85 -+ 0.23 6.08 -+ 0.84 3.93 -+ 0.36* 4.03 +- 0.50 4.08 ± 0.28 

Bulbectomized 14 1.43 ± 0.57* 6.09 -+ 1.37 3.96 -+ 0.83t 4.07 -+ 0.42 4.26 ± 0.43 

Rats were housed in individual cages throughout the experimental period and sacrificed 14 days after bulbectomy. 
Each value is the mean ± S.D. 
*Significantly different from intact (p<0.01, 2-tailed Student's t-test). 
t (p<0.05,  2-tailed Student's t-test). 

T A B L E  2 

BRAIN ACETYLCHOLINE LEVELS IN THE KILLER AND NON-KILLER GROUPS OF THE RATS 
WITH BILATERAL OLFACTORY BULBECTOMY 

Number of Acetylcholine content (tzg/g tissue) 

Group Animals Cortex Striatum Amygdala Diencephalon Brainstem 

Killer 8 1.39 ± 0.58 6.18 -+ 1.61 4.09 -+ 1.02 4.06 -+ 0.47 4.41 -+ 0.35 

Non-killer 6 1,50 ± 0.55 5.97 -+ 0.95 3.78 ± 0.40 4.09 ± 0.36 4.02 ± 0.43 

Each value is the mean -+ S.D. 

t h r o u g h  a hole  made  in the  skull  jus t  above  the  bulbs.  The 
sham-ope ra t ed  group  u n d e r w e n t  the  same p rocedu re  as the  
b u l b e c t o m i z e d  group,  bu t  w i t h o u t  asp i ra t ion  of  the  olfac- 
to ry  bulbs.  

Muricide was tes ted  3, 7 and  13 days a f te r  surgery. The  
ra t  wh ich  kil led a mouse  wi th in  5 rain a f te r  i n t r o d u c e d  in to  
the  h o m e  cage, was n a m e d  a killer. The animals  were sacri- 
ficed by the  near- f reez ing m e t h o d  of Takahash i  and  
Apr i son  [11]  14 days  a f te r  the  surgery.  The bra in  was 
dissected in to  5 regions of  the  cor tex ,  s t r i a tum,  amygdala ,  
d i e n c e p h a l o n  and  b ra ins tem,  accord ing  to the  m e t h o d  of  
Schube r t  and  Sedvall [ 1 0 ] .  Tota l  Ach in each region was 
e s t ima ted  on the  frog rec tus  a b d o m i n i s  muscle  sensi t ized 
wi th  physos t igmine .  

RESULTS AND DISCUSSION 

As can  be seen in Table  i ,  Ach levels of  the  co r t ex  
(p<  0 .01)  and  amygda la  (p<  0 .05)  were s igni f icant ly  lower  
in the  b u l b e c t o m i z e d  group  t h a n  in the  in tac t  group.  How- 
ever, t he  decrease  o f  Ach in the  amygda la  was un l ike ly  to  
be re la ted  to b u l b e c t o m y ,  since th is  change  was also f o u n d  
in the  sham-ope ra t ed  group.  On the  o t h e r  hand ,  the  
inc idence  of  mur ic ide  a f te r  b u l b e c t o m y  was 8 ou t  of  14 
rats  (as s h o w n  in Table  2) and  no  s ignif icant  d i f fe rence  was 
found  in Ach levels of  all b ra in  areas be t w een  the  killer and  

non-ki l le r  groups.  However ,  t he  b r a i n s t e m  t e n d e d  to  show 
higher ,  a l t hough  ins ignif icant ,  Ach  levels in the  kil ler  group.  

It is in te res t ing  bu t  r a t h e r  confus ing  t h a t  Ach level is 
r educed  af te r  o l f ac to ry  b u l b e c t o m y  on ly  in such a d i s t an t  
bra in  area as the  n e o c o r t e x  which  has  no  di rec t  neura l  
c o n n e c t i o n  wi th  the  o l fac to ry  bulb .  E iche lman  e t a l .  [5]  
and  P o h o r e c k y  e t  al. [8 ,9]  also r epo r t ed  t ha t  the  change in 
n o r e p i n e p h r i n e  level was found  in the  cor tex  af te r  o l f ac to ry  
b u l b e c t o m y .  In the  chol inerg ic  sys tem,  it is genera l ly  
accep ted  t ha t  a decrease  in Ach c o n t e n t  can be exp la ined  as 
be ing  due  to  increased de s t ruc t i on  of  neu rona l ly  active Ach 
by  ace ty lchol ines te rase .  The  decrease in cor t ical  Ach level 
found  in the  p resen t  inves t iga t ion  might ,  the re fore ,  be a 
ref lex of  ac t iva t ion  of  the  cor t ical  chol inergic  sys tem 
t h r o u g h  the  b r a i n s t e m  re t icular  ac t iva t ing  sys tem af te r  
o l f ac to ry  b u l b e c t o m y ,  because  it has been  observed ( in 
behaviora l  as well as in e l ec t roencepha log raph ic  s tudies  in 
our  l a b o r a t o r y )  t h a t  the  arousal  level is e levated in the  ra t  
wi th  bi la tera l  o l f ac to ry  bu lb  ab l a t ion  [ 13 ]. 

It is still obscure  as to  w h e t h e r  this  change  in cor t ica l  
Ach  level is e i the r  s econda ry  to the  behaviora l  changes  or a 
t r ans synap t i c  a l t e ra t ion  via the  l imbic  s t ruc tu res  and  h y p o -  
t ha l amus  fo l lowing o l fac to ry  b u l b e c t o m y .  F u r t h e r  investi-  
gat ions  are necessary  to e luc ida te  b iochemica l  corre la tes  in 
muricide.  
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