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MOLLENAUER, S., R. PLOTNIK AND P. SOUTHWICK. Scopolamine: EJJ'ects on fear or defense response ht the rat. 
PHARMAC. BIOCHEM. BEHAV. 5(2) 157 163, 1976. -- In previous research scopolamine reduced fear or defense 
responses of rats to a cat, and removal of the rats' olfactory bulbs had the same effect. This suggested that scopolamine 
might have affected defense responses by blocking olfactory perception of the stimulus cat. The present experiments 
studied this possibility and explored further the effects of scopolamine on defense responses of the hooded rat. In 
Experiment 1 rats treated with scopolamine were found to be responsive to olfactory cues from a cat. When cat smell, but 
not a cat, was present in the apparatus, scopolamine-treated rats showed a large and significant suppression of food 
consumption. In Experiment 2 the effects of scopolamine on defense responses were shown to be generalizable to an 
inanimate stimulus, mechanical robot. Scopolamine caused significantly less freezing and avoidance and significantly 
shorter latencies to drink in the presence of the robot. One of the primary findings of the present research is that 
scopolamine has now been shown to reduce the defensive response of freezing in a variety of stimulus situations. This 
finding was thought to have important implications for the literature relating anticholinergic drugs and avoidance behavior. 
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THE ant ichol inergic  drug, scopolamine ,  was previously 
shown to reduce the fear responses of  rats to a cat [ 13]. In 
the presence of  a cat, cont ro l  rats, t reated with saline or 
methyl  scopolamine,  showed a marked suppression of  
feeding behavior  and spent  a high percentage of  the trial 
t ime freezing in the per imeter  of  the apparatus.  Rats that  
had been t reated with scopolamine  spent  significantly less 
t ime freezing and significantly more  t ime feeding in the 
area near the cat. It was hypo thes i zed  that  cholinergic 
synapses  are s o m e h o w  involved in the e laborat ion of fear 
responses or species-specific defense reactions.  As conclu- 
ded in that  repor t ,  one possible site o f  act ion would be the 
o l fac tory  sys tem:  a central  blockade of  o l fac tory  percep- 
tion would account  for the reduct ion of fear or defense 
responses caused by scopolamine.  

In subsequent  research it was found that  bilateral 
removal o f  the o l fac tory  bulbs had essentially the same 
effect  on fear or defense reponscs  as scopolamine  [12] .  
That is, rats in which the o l fac tory  bulbs had been removed 
also spent  significantly less time freezing and significantly 
more  t ime feeding in the area near the cat. This suggested 
that  scopolamine  might have af fec ted  fear or defense 
responses by acting on the o l fac tory  sys tem to cause a 
blockade of  o l fac tory  cues. It is becoming increasingly 
evident that  o l fac tory  cues play a very significant role in 
the regulation of  emot ional  behavior  in the rat [ 15]. 

A number  of  findings from the l i terature point  to 
possible act ions of  scopolamine  on the ol factory  system. 
Many of  the behavioral effects  that  are seen following 
t r ea tmen t  with ant ichol inergic  drugs are also seen following 
ol fac tory  bulb removal. For  example ,  both  ant icholinergic 
drugs and ol fac tory  bulb removal have been shown to cause 
a failure of  habi tua t ion  [5 ,20] .  Both have been shown to 
impair  passive avoidance [4, 6, 11, 16, 17] and enhance  
active avoidance [1, 9, 14, 16, 17], and both  have been 
shown  to reduce freezing [11, 12, 13, 18]. Other  findings 
point  to the possible action of  scopolamine  on o l fac tory  
percept ion  per se. In unpubl ished research with the e ther  
avoidance test for anosmia described by Spcctor  and Hull 
[19] ,  rats t reated with scopolamine  consis tent ly  failed to 
make an avoidance response to an e ther  soaked co t ton  ball. 
These various findings implied that  one effect  of  scopola- 
mine might be a blockade of o l fac tory  percept ion .  If that 
were the case, the drug's effect  on fear or defense responses 
could very well be the indirect  consequence  of  its action on 
o l fac tory  percept ion .  

Exper iment  1 of  the present  research de te rmined  wheth-  
er scopo lamine ' s  effect  on fear responses could be attri- 
buted to loss of  o l fac tory  percept ion .  The same dose of  
scopolamine  that  had previously been shown to reduce fear 
responses  to a cat was tested for its effect  on fear responses 
to the st imulus of  cat smell. Exper iment  2 explored the 
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effects  of  scopo lamine  using a s t imulus  tha t  did not  involve 
cat smell, mechanica l  robot .  This  e x p e r i m e n t  de t e rmined  
whe the r  the  effects  of  scopo lamine  on defense  reac t ions  
would be general izable  to an i nan ima te  s t imulus .  The 
general izabi l i ty  of  the effect  of scopo lamine  on freezing 
behavior  was of  par t icular  in teres t  since such an effect  
would have relevance for the large l i te ra ture  relat ing 
an t ichol inerg ic  drugs and avoidance  behavior  [ 1, 2, 4, 6, 8, 
9, 10, 14].  Avoidance  behaviors  have been analyzed by 
Bolles [3] in t e rms  of  species-specific defense  responses,  
such as freezing. However,  in the l i te ra ture  on an t i cho l ine r -  
gic drugs and avoidance  behavior ,  there  have been only  
inc identa l  observa t ions  of  freezing behav ior  [1 ] .  The 
present  research includes  a sys temat ic  e x a m i n a t i o n  of  the 
effects  of  an an t ichol incrg ic  drug on freezing. 

E X P E R I M E N T  1 

E x p e r i m e n t  1 was designed to de t e rmine  w h e t h e r  
scopolamine  would block responses  to the  s t imulus  of  cat 
smell. Rats were t ra ined to consume  a sweet so lu t ion  near  
the  cen te r  of a large arena. They were then  injected wi th  
physiological  saline or the dose of  scopo lamine  previously 
shown  to affect  fear responses  and were tested with cat 
smell  present  in the appara tus .  

M l- IHOI) 

Animals 

The animals  were 32 male hooded  Long Evans rats, 
weighing 250 350 g at the start  of  the expe r imen t ,  
purchased  from Simonsen  Labora to ry .  One rat was discar- 
ded for failure to satisfy t ra in ing cri teria descr ibed in the 
procedure .  Beginning one week prior to the start  of  the 
e x p e r i m e n t  rats were housed  individual ly  with un l imi ted  
access to water  and were ma in ta ined  on a 23 hr food-depr i -  
va t ion schedule .  They  were fed app rox ima te ly  20 g at the 
same t ime  each day,  a p p r o x i m a t e l y  30 min af te r  the 
expe r imen ta l  session. 

A ppara tus 

The appara tus ,  similar to tha t  used in previous research 
[ 1 3 ] ,  was a circular  arena,  110 cm in alia. wi th  41-cm walls 
made of  1/8 in Plexiglas, pa in ted  black. The  appara tus  had 
a wire mesh f loor  and a hinged lid made  of clear Plexiglas. 

The rats were clearly visible t h rough  the lid, which 
p reven ted  thei r  j u m p i n g  out  of  the appara tus  on test  trials. 
In the cen te r  of the arena was a wire mesh enclosure ,  27.5 
cm in dia. and 40 cm high, similar to tha t  used in previous  
e x p e r i m e n t s  to enclose the s t imulus  cat. In the present  
e x p e r i m e n t  this  enclosure  con t a ined  a pillow covered with a 
syn the t i c  furry  mater ial  and measur ing 27 x 27 x 14 cm. 
For the smell test,  the pillow was replaced with an identical  
one having cat odo r  (see Procedure) .  Four  plastic food 
cups, 2V2 cm in dia., were equally spaced a round  the 
enclosure  at a d is tance  of  4 cm from the edge of  the 
enclosure.  A p lywood  board,  pa in ted  black,  was placed 
u n d e r  the wire mesh f loor  of  the arena. This board  was 
m a r k e d  off  in concen t r i c  circles, 11 cm apart ,  and each 
circle was divided spoke-fash ion  to form a to ta l  of 48 equal  
segments .  

Above the arena was a large mir ror  used to observe the 
rats. The mirror  was used for be t t e r  visibil i ty and for 
minimal  d i s t rac t ion  to the animals.  

During t ra in ing  and test trials, white  noise was used to 
mask ex t r aneous  aud i to ry  cues. 

Design 

Rats were tested unde r  1 of  2 drug condi t ions ,  scopola-  
mine (SCOP) or saline (SAL),  and unde r  1 of 2 appara tus  
cond i t ions ,  cat smell  present  in the  appara tus  (SMELl . )  or 
no cat smell  present  in the appara tus  (CONTROL) .  Thus,  
there  were 4 i n d e p e n d e n t  t r e a t m e n t  groups,  SCOP-SMELL 
and SCOP-CONTROI. ,  and SAI.-SMEI.L and SAI,- 
CONTROL.  The  rats were r andomly  assigned to these 4 
groups  with cer ta in  res t r ic t ions  described in the procedure .  
All behavioral  tests were c o n d u c t e d  blind.  

Procedure 

Habituation. Pilot work had shown that  hab i t ua t i on  a n d  
t ra in ing in a new appara tus  were great ly  faci l i tated by the 
presence of  rat odor .  Therefore ,  prior to training,  10 rats 
(male hooded  Long Evans) tha t  had been living toge the r  
were left in the  appara tus  overn ight  with  water  bo t t l es  and 
large dishes of  sucrose (32% so lu t ion)  available and were 
removed  the fol lowing day. Next,  the expe r imen ta l  rats 
were hab i tua t ed  by leaving t hem in the appara tus  overnight  
in r andomly  selected groups of  10 or I 1, with sucrose and 
water  available. It had previously been es tabl ished that  this 
p rocedure  did not  result  in f ighting among  rats tha t  had 
been individual ly  housed for only one week. 

Training. Training was begun 24 hr af ter  the last 
overnight  h a b i t u a t i o n  session. Each rat was given one l-rain 
trial per  day for 5 days, with sucrose available in each of 
the 4 food cups. For  a given trial the rat  was placed abou t  
midway  be tween  the pe r ime te r  and the cen te r  of the 
appara tus ,  facing the cen te r  enc losure ;  rats were always 
placed at the same poin t .  F rom this po in t  a rat had to move 
forward,  toward  the  cen te r  enclosure ,  in order  to reach one 
of  the  food cups. Drinking from all 4 cups would 
necessi ta te  circling the enclosure.  During training,  some rats 
d rank  f rom only  I or 2 cups;  o thers  d rank  f rom all 4. When 
one min had elapsed the rat was r emoved  f rom the 
appara tus  and re tu rned  to its h o m e  cage. 

On Day 4 all rats tha t  had not  d runk  at least 15 sec per  
trial on 2 consecut ive  trials were given ext ra  trials unt i l  they 
had met  this cr i ter ion,  or unt i l  6 extra  trials had been given. 
For  these extra  trials, rats were not  removed from the 
appara tus  be tween  trials. On Day 5 one rat failed to satisfy 
the fol lowing t ra in ing  cr i ter ion and was discarded:  the rat 
must  have drunk  15 sec on tha t  day ' s  trial and have had 3 
consecut ive  trials on which the t imes were 15 sec or more.  

Testing. On Day 6, 30 min before testing, the rats were 
injected IP with 0.8 mg/kg scopo lamine  h y d r o b r o m i d e  or 
physiological  saline in the same volume,  1 ml/kg.  In order  
to prevent  c o n t a m i n a t i o n  of  the C O N T R O L  t r ea tmen t  with 
cat smell it was necessary to run the C O N T R O L  animals  
first. The p rocedure  for con t ro l  trials was exact ly  the same 
as in training, except  that  the pil low in the cen te r  enclosure  
was removed briefly and re turned  to exact ly  the same 
posi t ion prior to testing. 

Prior to tes t ing the rats in the SMELL cond i t ion  the 
pil low in the cen te r  enclosure  was removed and replaced 
with an identical  pil low tha t  had been left overnight  in the 
h o m e  cage of  an adult  male Siamese house cat. In addi t ion .  
the cat was placed in the arena and walked a round  it for a 
period of  5 min at the beginning  of  the session. The order  
of  test ing for SCOP and SAL rats was randomized .  
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Assignment to Treatments 

Each ra t ' s  d r ink ing  t imes  over  the first 4 trials were 
summed ,  and the  rats  were ranked  f rom highest  to lowest  in 
dr ink ing  times. The  rats  were then  assigned to t r e a t m e n t s  as 
follows. The  4 rats  having  the  highest  dr inking  t imes were 
r andomly  assigned, 1 to each of the 4 groups;  the  4 rats  
having the  next  h ighes t  d r ink ing  t imes  were r a n d o m l y  
assigned one  to each group,  and so on. This  p rocedure  was 
fol lowed because previous  research had shown  tha t  scopola-  
mine  had  d i f fe ren t  e f fec ts  depend ing  upon  e m o t i o n a l i t y ,  as 
measured  by c o n s u m m a t o r y  behav ior  in a novel  envi ron-  
men t  [ 11 ]. 

Measures 

On all t ra in ing  days and the  test  day itself, 4 measures  
were recorded  for each animal.  

Drinking was the cumula t ive  t ime dur ing a I -min  trial 
t ha t  the  an imal  spen t  d r ink ing  f rom any or all of  the  4 food 
cups near  the  pi l low enclosure .  

Latency to drink was the  t ime elapsed f rom p lacemen t  
of  the  rat  in the  appa ra tus  to its in i t i a t ion  of  c o n s u m m a -  
to ry  behavior .  La tency  was scored as 60 sec for  rats  tha t  
failed to drink.  

Center time was the  cumula t ive  t ime the rat spent  with  
its two  f ron t  feet within the concen t r i c  circle neares t  the  
enclosure ,  30 cm f rom the  edge of  the  enclosure .  

Freezing was the  cumula t ive  t ime  the an imal  spent  
rigidly immobi le .  The e x p e r i m e n t e r  was t ra ined to record 
freezing using video tapes;  it was previously repor ted  tha t  
the  in te robse rve r  rel iabi l i ty coeff ic ient  for  freezing for two 
i n d e p e n d e n t  observers  was r = .96 [ 1 3 ] .  

The above  measures  were not  i n d e p e n d e n t .  R a t h e r  they 
represen ted  a cons te l l a t ion  of  responses  tha t ,  toge ther ,  
serve to def ine fear opera t iona l ly .  Thus,  fear would be 
ind ica ted  by freezing, suppress ion  of  cen te r  t ime,  suppres-  
sion of  d r ink ing  t ime,  and,  if dr inking  did occur ,  longer  
la tencies  to dr ink.  

RESULTS 
The data  were evaluated using unwe igh ted  means  

ANOVA.  Analyses parallel ing those  on the  test  data  were 
pe r fo rmed  on the  data  f rom the  last day of  training.  There  
were no  s ignif icant  d i f ferences  a m o n g  groups  on any 
measures  in the  basel ine  data.  

As s h o w n  Fig. 1, the  cat smell  s t imulus  was an effect ive 
u n c o n d i t i o n e d  fear s t imulus  for the  h o o d e d  rat.  In the  
SMELL c o n d i t i o n  rats showed  the  cons te l l a t ion  of behav-  
iors tha t  have been used to def ine fear: Compared  to the  
C O N T R O L  cond i t ion ,  there  was a s ignif icant  suppress ion  of  
cen te r  t imc,  i.e., t ime  near  the odor - impregna ted  pil low 
(F (1 ,27 )  = I1 .1 ,  p < 0 . 0 1 ) ;  s ignif icant ly  longer  la tencies  to 
dr ink (F (1 ,27 )  = 10.1, p < 0 . 0 1 ) ,  a s ignif icant  suppress ion  of  
d r ink ing  t ime (F (1 ,27 )  = 26.7, p < 0 . 0 0 1 ) ;  and s ignif icant ly  
more freezing (F (1 ,27 )  = 4.31,  p < 0 . 0 5 ) .  The  analyses based 
on  SAL rats a lone  served to evaluate  the  ef fec t iveness  of  
the  s t imulus  of  smell, i n d e p e n d e n t l y  of drug effects.  For  
SAL rats the SMEI,L cond i t i on ,  as compared  to CON- 
TROL,  caused a s ignif icant  suppress ion  of  cen te r  t ime 
( F ( I , 1 3 )  = 11.6, p < 0 . 0 1 ) ;  s ignif icant ly  longer la tencies  to 
drink ( F ( I . 1 3 )  = 15.0, p < 0 . 0 1 ) ;  a s ignif icant  suppress ion  
of d r ink ing  t ime  (F (1 ,13 )  = 16.2, p < 0 . 0 1 ) ; a n d  increased 
freezing tha t  was not  s ignif icant  (F (1 ,13 )  = 4.1,  p < 0 . 0 6 ) .  

In the SMELL cond i t i on ,  s copo laminc  caused some 
a t t e n u a t i o n  of  fear responses  par t icular ly  in freezing and 
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l a tency  to drink.  Compared  to SAL, SCOP rats showed less 
freezing in the  SMELL cond i t ion  ( F ( 1 , 1 4 ) =  4.8,  p < 0 . 0 5 ) ;  
since SCOP had no effect  in the C O N T R O L  cond i t ion ,  this 
resul ted in a s ignif icant  in te rac t ion  be tween  drug and 
s t imulus  cond i t i ons  (F (1 ,27 )  = 4.5,  p < 0 . 0 5 ) .  "Fhc SCOP rats 
also showed  showed h igher  cen te r  t ime than SAI, rats in the 
SMELL cond i t i on ,  but  this d i f ference  was not  s ignif icant  
(F (1 ,14)  = 3.7, p = 0 .08) ;  again, SCOP had no effect  in the 
C O N T R O L  cond i t ion ,  and the in te rac t ion  was not  signifi- 
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cant  (F( 1,27) = 3.6, p = 0.07).  The la tencies  to dr ink in the 
SMELL c o n d i t i o n  were s ignif icant ly  shor t e r  for SCOP rats  
t han  for  SAL ( F ( I , 1 4 )  = 4.8, p < 0 . 0 5 ) ,  and there  was a 
s ingif icant  in t e rac t ion  be t w een  drug and s t imulus  condi-  
t ions  (F (1 ,27 )  = 8.0, p < 0 . 0 1 ) .  As Fig. 1 shows, the  
s ignif icant  in t e rac t ion  on la tency to dr ink also reflects  the  
fact tha t  the  SCOP rats had s ignif icant ly  longer  la tencies  to 
dr ink t han  SAL rats in the  C O N T R O L  cond i t i on  ( F ( I , 1 3 )  = 
5.6, p < 0 . 0 5 ) .  

There  was a d i f fe rent  pa t t e rn  of  results  for d r ink ing  t ime 
in tha t  SCOP failed to a t t e n u a t e  the  effect  of  the  SMELL 
s t imulus  this  behavior .  A l though  SCOP rats showed  sl ightly 
higher  dr inking  t imes than  SAL rats  in the  SMELL 
cond i t ion ,  the ef fec t  was no t  s ignif icant .  Nor  was the inter-  
a c t i o n  b e t w e e n  t h e  d rug  and s t imulus  cond i t ions  
significant.  On the  con t ra ry ,  the  SCOP rats, like the SAg  
rats, showed  a signif icant  suppress ion  of dr inking  t ime in 
the presence of cat smell. The  clrinking t imes of  the SCOP 
rats in the SMELL cond i t ion  were s ignif icant ly  lower than 
those of SCOP rats in the C O N T R O L  cond i t ion  (F (1 ,4 )  = 
9.q9, p < 0 . 0 1 ) .  

DISCUSSION 

The  results  of  Expe r imen t  1 show tha t  the s t imulus  of  
cat smell elicits the pa t t e rn  of  behaviors  used previously to 
def ine  fear [ 1 3 ] .  As compared  to the C O N T R O L  condi-  
t ion,  rats in the SMELL cond i t ion  showed  s ignif icant ly  
more  freezing, a s ignif icant  suppress ion  of  cen te r  t ime,  
s ignif icant ly  longer la tencies  to dr ink,  and a s ignif icant  
suppress ion of  d r ink ing  time. These results  are cons i s ten t  
with  early findings,  which suggested that  the  odor  of a cat 
played an i m p o r t a n t  par t  in its capaci ty  to elicit defense  
reac t ions  [ 7 ]. 

The pr imary  ques t ion  cons idered  in Expe r imen t  1 was 
w h e t h e r  scopo lamine  had affected fear resonses to the cat 
by b lock ing  percep t ion  of cat smell. The  results  ind ica ted  
that  rats t rea ted  with SCOP showed a subs tan t ia l  suppres-  
sion of  d r ink ing  t ime  in the cat smell cond i t i on ;  tha t  is, 
SCOP rats tes ted in the  cat smell  cond i t ion  spent  signifi- 
cant ly  less t ime  dr inking  than SCOP rats tested in the 
con t ro l  cond i t ion .  Since the rats t rea ted  wi th  scopo lamine  
did show a signif icant  suppress ion of  dr inking  t ime in the  
presence of  cat smell, it seems clear tha t  the animals  were 
responding  to the smell cue. However,  the possibi l i ty 
c a n n o t  be ruled out  tha t  scopo lamine  had p roduced  some 
subt le  o l fac to ry  i m p a i r m e n t  not  evident  in tes t ing wi th  cat 
odor.  There  were no  s ignif icant  d i f ferences  on the o the r  
measures  be tween  SCOP rats  in the smell  cond i t i on  and 
SCOP rats in the  con t ro l  cond i t ion .  On the measures  of  
freezing and la tency  to dr ink scopo lamine  s ignif icant ly  
a t t e n u a t e d  fear responses  to the  smell  s t imulus.  This  result  
was cons i s ten t  with its ef fec t  on fear or defense  responses  
to the  cat s t imulus  [ 1 l , l  3] .  

E X P E R I M E N T  2 

From the  results  of  Expe r imen t  1 it seemed clear tha t  
s copo lamine  had not  reduced reac t ions  to the cat by mak-  
ing the rats insensit ive to smell  cues. However,  part ial  ina- 
pa i rmen t  could no t  be ruled out .  Expe r imen t  2 was design- 
ed to de t e rmine  w h e t h e r  scopo lamine  would  reduce  defen-  
sive reac t ions  to a s t imulus  in which cat smell played no 
part  and,  the reby ,  d e m o n s t r a t e  the  general izabi l i ty  of the 
p h e n o m e n o n .  

METHOD 

Animals 

The animals,  purchased  f rom Simonsen  Labora to ry .  
were 30 male hooded  Long Evans rats, weighing 250- 350  g 
at  the  s tar t  of  the expe r imen t .  Three  rats were discarded for 
failure to satisfy t ra in ing cri teria descr ibed in the proced-  
ure. The hous ing  and m a i n t e n a n c e  cond i t ions  were the 
same as for Expe r imen t  1. 

Apparatus 

The appara tus  used in the present  expe r imen t  was an 
arena of  ident ical  design and d imens ions  as tha t  used in 
Exper imen t  1. Prior to the start  of the e x p e r i m e n t  the 
appa ra tus  was s team cleaned and repa in ted  with black 
high-gloss enamel ,  in o rder  to remove any possible cat odors  
f rom previous  exper imen t s .  The  appa ra tus  was placed in an 
expe r imen ta l  room,  no t  previously used in cat-rat  research.  

On t ra in ing  trials, the  robo t  s tand (descr ibed below) was 
present  in the  cen te r  of  the  arena su r rounded  by a wire 
mesh enclosure,  similar to tha t  used in Exper imen t  1. As in 
the  previous  expe r imen t ,  4 small food cups were spaced 
equally a round  the enclosure.  The  wire mesh enclosure  was 
used dur ing  t ra in ing trials in order  to prevent  the rats f rom 
developing the hab i t  of crossing the cen te r  area to reach 
food cups. Had this happened ,  the  presence of the robot  in 
the  cen te r  on test  days would have forced the rats to a l ter  
thei r  no rmal  route ;  thus,  d i f ferences  in dr inking  t ime and 
la tency to dr ink could have been a t t r i bu t ed  to changes in 
route  ra ther  than  avoidance  of  the robo t .  With the  
enclosure  present ,  the  rats learned to app roach  the various 
food cups wi thou t  crossing the cen te r  area. On the  test  day, 
the  wire mesh enclosure  was r emoved  and the  robot  was 
placed on the s tand in the  cen te r  of  the arena.  

Stimulus Robot 

The s t imulus  robot  was a commerc ia l ly -made ,  ba t t e ry-  
opera ted  mechanica l  robo t ,  32 cm by 17 cm by 13 cm, 
f rom which the head and arms sect ions  were removed.  All 
ex terna l  par ts  were cons t ruc t ed  of  hard  plastic. The robo t  
was suspended  f rom a s tand  in the  cen te r  of the appara tus  
so tha t  its base was 3 cm above the wire mesh floor. The 
s tand consis ted of  2 vert ical  bars, 40  cm high, c o n n e c t e d  at 
the  top  by a 25 cm cross-bar,  and aff ixed at the base to the 
wood floor b e n e a t h  the wire mesh floor of  the arena. 

The robot  was ac t ivated  con t i nuous ly  t h r o u g h o u t  the 
trial. When the robo t  was ac t ivated  it made a loud gr inding 
noise (72 db),  and its legs moved back and for th  con t inu-  
ously (1.6 t imes  per  sec) in a walking mo t ion ,  each leg 
moving a d is tance  of  a p p r o x i m a t e l y  2.8 cm. livery 6 sec the 
ent i re  lower half  of  the  robot  ro ta ted  180c; the ro t a t i on  
lasted for app rox ima te ly  2 sec, dur ing  which  l ime the  noise 
rose to app rox ima te ly  79 db. The  robot  was always 
opera ted  so tha t  a ro t a t i on  was just  beginning at the start  of  
a trial. 

Design 

All the  rats  were r andomly  assigned to the saline (SAL),  
or scopo lamine  (SCOP) cond i t i on  and tes ted with the 
s t imulus  robo t  (ROBOT) .  Each rat served as its own  con t ro l  
for the  n o n - r o b o t  cond i t ion .  Tha t  is, responses  on  the test  
day were compared  with responses  on the preceding  
baseline day ( C O N T R O L )  dur ing  which the robo t  had not  
been present .  All behaviora l  tests  were c o n d u c t e d  bl ind.  
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Procedure 

Training. Hab i tua t i on  p rocedures  were the  same as used 
in E x p e r i m e n t  1, inc luding  the  use of  o the r  rats to place rat  
odo r  in the  appara tus .  Also the  t ra in ing  p rocedures  were 
the  same as for E x p e r i m e n t  1. Each rat  was given one  I -min  
trail  per  day for  5 days, wi th  extra  trials admin i s t e red  on  
Day 4, fo l lowing the  cri teria used in E x p e r i m e n t  1. Three  
of  the  rats  in this  e x p e r i m e n t  had ex t r eme ly  low cumula t ive  
d r ink ing  t imes;  these rats  were discarded since previous  
work had s h o w n  tha t  such animals  had abe r r an t  drug 
responses  I 11 ]. 

Assignment to treatments. Rats were r a n d o m l y  assigned 
to the  2 drug t r e a t m e n t s ,  18 to SCOP and  9 to SAL, 
fol lowing the  same res t r ic t ions  as in E x p e r i m e n t  1. 

Testing. On Day 6, 30 min before  test ing,  ra ts  were 
in jected IP wi th  .8 mg/kg  scopo lamine  h y d r o b r o m i d e  or  
physiological  salipe, in a vo lume of  1 ml/kg.  The  p rocedure  
on  the  test  trial was exact ly  the same as on  t ra in ing  excep t  
tha t  the  robo t  had been  subs t i t u t ed  for the  wire mesh 
enclosure  and was ac t ivated  at the beg inning  of  the  trial. 
The p l acemen t  of  the  rat in the appara tus ,  near  the cen te r  
and facing the  robo t ,  was such tha t  it would have to make  
an active re t rea t  in o rder  to reach the pe r ime te r  of  the  
appara tus ;  rats  did f r equen t ly  make  active re t rea ts  and were 
never  observed to freeze in this  cen te r  area. Also, the  
p l acemen t  of the  rat was such tha t  it would have to make  
an act ive a p p r o a c h  toward  the  robo t  in o rder  to  reach the 4 
food cups. The cups  were pos i t ioned  so tha t  the  rat could  
dr ink f rom t h e m  w i t hou t  being s t ruck  by the  revolving 
robo t ,  provided they remained  ou t  of  the  cen te r  area. No 
rat was ever observed to come  in physical  con t ac t  wi th  the 
robo t .  

Measures. The same measures  were recorded  as in 
E x p e r i m e n t  1. 

RESULTS 

The data  were ana lyzed  using mixed design ANOVA.  
Figure 2 presen ts  the data  f rom the  robo t  test  ( R O B O T )  as 
c o m p a r e d  to basel ine  ( C O N T R O L )  pe r fo rmance .  In the  
C O N T R O L  c o n d i t i o n  the  groups  are labeled (SCOP) and 
(SAL),  accord ing  to the  t r e a t m e n t  they received on  the  test  
day. Analyses  of  the data  f rom the  C O N T R O L  days showed  
tha t  there  was no s ignif icant  pre tes t  d i f ference  be tween  the  
SCOP and  SAL groups  on  any  measure .  

As Fig. 2 shows,  the  R O B O T  was clearly an effect ive 
fear s t imulus .  Compared  to the  C O N T R O L  c o n d i t i o n  there  
was a s ignif icant  suppress ion  of  cen te r  t ime (F (1 ,25 )  = 
158.1, p < 0 . 0 0 1 ) ;  s ignif icant ly  longer  la tencies  to  dr ink 
(F (1 ,25 )  = 92.2, p < 0 . 0 0 1 ) ;  a s ignif icant  suppress ion  of  
dr inking  t ime (F (1 ,25 )  = 536.0 ,  p < 0 . 0 0 1  ) and s ignif icant ly  
more  freezing (F (1 ,25 )  = 4 .08,  p < 0 . 0 0 1 ) .  Compar i sons  
be tween  the  C O N T R O L  and ROBOT cond i t i ons  based on 
the  SAL animals  only ,  yielded the  same pa t t e r n  of  results:  
A signif icant  suppress ion  of  cen te r  t ime (F (1 ,25 )  =77.4 ,  
p < 0 . 0 0 1  ); s ignif icant ly  longer  la tencies  to dr ink ( F ( 1 , 2 5 ) =  
97.9, p < 0 . 0 0 1 ) ;  a s ignif icant  suppress ion  of  d r ink ing  t ime  
(F (1 ,25 )  = 195.0, p < 0 . 0 0 1 ) a n d  s ignif icant ly  more  freezing 
(F (1 ,25 )  = 67.1,  p < 0 . 0 0 1 ) .  

Figure 2 also shows t ha t  s copo lamine  caused an a t t enua -  
t ion of  fear or defense  responses.  Compared  to SAL, SCOP 
rats showed  s ignif icant ly  less freezing ( F ( 1 , 2 5 )  = 30.4,  
p < 0 . 0 0 1 ) ,  spent  s ignif icant ly  more  t ime  in the  cen te r  area 
(F (1 ,25 )  = 6.1, p < 0 . 0 5 ) ,  showed  s ignif icant ly  sho r t e r  

FREEZING 

LATENCY 
TO DRINK 

DRINKING 

CENTER 

(SAL) (SCOP) II SAL SCOP 

CONTROL II ROBOT 

FIG. 2. Mean time in seconds (~ SEM) for tear measures in ROBOT 
and CONTROL conditions. Rats were not injected for the 
CONTROL conditions; labels {SAL) and (SCOP) indicate group 
assignment for ROBOT test. The numbers on the graph refer to 

groups n's. 

la tencies  to  dr ink (F (1 ,25 )  = 28.1, p < 0 . 0 0 1 )  and more,  
t h o u g h  not  s ignif icant ly  more,  t ime dr ink ing  ( F ( 1 , 2 5 ) =  
3.06).  

A l though  scopo lamine  p roduced  a r educ t ion  of  fear 
responses,  it is clear f rom Fig. 2, tha t  the  SCOI' rats  were 
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responsive to the s t imulus.  Compared  to the i r  own  CON- 
T R O L  per fo rmance ,  the  SCOP rats  showed more,  t h o u g h  
not  s ignif icant ly  more  freezing ( F ( 1 , 2 5 ) =  4 .13) ;  a signifi- 
cant  suppress ion  of  cen te r  t ime (F (1 ,25 )  = 84.25,  
p < 0 . 0 0 1  ); s ignif icant ly  longer  la tencies  to dr ink (F (1 ,25 )  = 
22.7, p < 0 . 0 0 1 ) ;  and s ignif icant ly  shor t e r  dr inking  t ime  
(1:(1,25) = 43 1.5, p < 0 . 0 0 1 ) .  

DISCUSSION 

The results  of  Expe r imen t  2 show tha t  the mechanica l  
robo t  was an effect ive fear s t imulus ,  and the magn i tude  of  
the  d i f ferences  suggest tha t  it was a p o t e n t  one. The SAL 
rats spent  a p p r o x i m a t e l y  50% of  the trial t ime freezing, and 
dr ink ing  t ime was suppressed a b o u t  90% from cont ro l  
levels. On all measures  pe r f o r m ance  in the  robo t  cond i t ion  
differed s ignif icant ly  f rom pe r f o r m ance  in the  con t ro l  
cond i t ion .  

The effect  of  scopo lamine  on responses  to the robo t  
paralleled its effect  on responses  to the cat [ 1 1 , 1 3 ] .  
Scopo lamine  a t t e n u a t e d  but  did not  b lock  defense  reac- 
t ions.  Compared  to SAL the SCOP rats spent  less t ime 
freezing, spent  more  t ime  in the cen te r  area, showed  sho r t e r  
la tencics  to  drink,  and spent  more  t ime dr inking.  All of  
these d i f ferences  were s ignif icant ,  except  for  dr inking  time. 
These results  show tha t  the effect  of  scopo lamine  was not  
un ique  to the  cat s t imulus .  Thus,  they  give general izabi l i ty  
to the  f inding tha t  scopo lamine  affects  defense  react ions  of  
the  hooded  rat. 

G E N E R A L  DISCUSSION 

Previous research had suggested the  possibi l i ty  tha t  
scopo lamine  reduced fear responses  to the cat s t imulus  by 
p roduc ing  a s ta te  of  anosmia .  Al though  the results  of  
Expe r imen t  1 c a n n o t  rule out  some subt le  i m p a i r m e n t  of  
o l fac to ry  pe rcep t ion ,  they would seem to rule ou t  the 
possibi l i ty  tha t  scopo lamine  had reduced fear responses  by 
b locking  the  response to cat smell. Expe r imen t  1 showed  
tha t  scopo lamine- t r ea ted  rats were responsive to cat odor  in 
part icular .  SCOP rats showed a large and s ignif icant  
suppress ion of d r ink ing  t ime in response  to cat smell, 
showing  tha t  the  animals  were, in fact,  registering this  
s t imulus .  Thus,  it is clear tha t  the drug did not  affect  fear 

or  defense  responscs  indirect ly  t h rough  ac t ions  on o l fac tory  
percept ion .  At the  same t ime, these results  would not  rule 
ou t  the possibi l i ty  tha t  the drug had o t h e r  ac t ions  on  the 
o l fac tory  bulbs  and related brain  s t ructures .  It has been 
observed that  the  o l fac tory  b u l b s a r e  involved in a var iety 
o f  l imbic sys tem func t ions  and are p robab ly  doing  more  
than  process ing o l fac tory  s t imuli  [ 20] .  

Expe r imen t  2 of  the  present  research showed that  the 
robo t  was an ex t remely  p o t e n t  fear s t imulus .  It not  only  
caused a subs tan t ia l  suppresss ion of feeding behavior  and 
avoidance  of  the  cen te r  area; it also caused a cons iderable  
a m o u n t  of  freezing, nearly 50% of  the trial t ime. With the 
s t imulus  robo t ,  s copo lamine  caused the same pa t t e rn  of  
r educ t ion  in fear responses  tha t  it had caused wi th  the 
s t imulus  cat. Rats  t rea ted  with scopo lamine  showed  signifi- 
cant ly  less freezing, spent  s ignif icant ly  more  t ime in the 
cen te r  area near  the robo t ,  had s ignif icant ly  shor t e r  
latencies to drink.  Thus,  scopo lamine  affected fear respon-  
ses to a s t imulus  tha t  did not  inw)lve cat smell. These 
results  show tha t  the effect  of  the drug is not  specific to the 
cat s t imulus .  Rather ,  they a t tes t  to the general izabi l i ty  of  
the f inding tha t  scopo lamine  reduced fear responses  or 
defense  reac t ions  to an u n c o n d i t i o n e d  st imulus.  

The above f indings could be in te rp re ted  in te rms of  
Bolles'  [3] species-specific defense  react ions  and would be 
relevant  to the  l i te ra ture  on an t ichol inerg ic  drugs and 
avoidance  behavior .  In an analysis of  avoidance  l i tera ture ,  
Bolles has shown  how the same species-specific defense 
react ion,  such as freezing, would be expec ted  to enhancc  
pe r fo rmance  in one  avoidance  paradigm and impair  it in 
ano the r .  In light of  this analysis,  the f inding that  scopola-  
mine  has now been shown to reduce  freezing in a var iety of  
s t imulus  cond i t ions  ( [ 1 1 , 1 3 ] ,  Expe r imen t s  1 and 2 of  the 
present  research)  is very impor t an t .  A reduc t ion  in the 
species-specific defense  react ion of  freezing would accoun t  
for  the f inding that  an t ichol inerg ic  drugs impai r  passive 
avoidance  [4, 6, 8, 10l in which freezing is assumed helpful  
for successful pe r fo rmance .  Also, a r educ t ion  in freezing 
would explain  the  fact tha t  an t ichol inerg ic  drugs enhance  
two-way active avoidance  [ I ,  9, 14] in which freezing is 
p resumably  de t r imen ta l  to pe r fo rmance .  Thus,  the f inding 
that  scopo lamine  rel iably reduced freezing would help to 
explain  much  of the  l i te ra ture  on an t ichol inerg ic  drugs and 
avoidance  behavior .  
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