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FILE, S E. Are central chohnergic paths involved m habituatton of exploration and dtstraction ~ PHARMAC. BIOCHEM. 
BEHAV. 4(6) 695-702. 1976 - Experiment 1 tested the generahty of Carlton's hypothesis that central muscarmlc 
chohnerglc pathways are revolved m habituation of exploration. The effects of 3 muscaxlmC antagomsts were tested m a 
holeboard, under 2 test conditions, z e. with objects absent or present. Both the frequency and the duration of 
head-dipping were used as measures of exploration. Scopolamine prevented habituation only of the frequency of 
head-dlppmg, and only when objects were present Atropine and benzhexol d~d not impair the habltuat,on of either 
frequency or duration of head-d,ppmg m either test condition. The impatrment of habituation seemed therefore to be 
specific to scopolamine, and to the more complex test condttJon, and thus there was little to Justify the suggestion that 
central chohnerglc paths were generally revolved. Experiment 2 investigated the effects ot muscarmlc antagomsts on 
hab,tuat~on of d~stract~on. None of the drugs affected the distraction to tones, nor the subsequent habituation to these 
stlmuh. Central cholmerglc paths do not therefore seem to be involved in hab,tuatlon of this behavloural response 

Exploration D,stract,on Habituation State-dependent learning Chohnerglc Scopolamine 
Atropine Benzhexol 

HABITUATION IS the d e c r e m e n t  of  a response  to an drugged on tr,al one,  compared  wi th  animals 
unre lnforced  st imulus,  as a result  o f  repeated presenta t ions  undrugged on bo th  trials, could be due to s tate-del  
o f  that  s t imulus.  An or ient ing response is ehct ted when  an learning and not  to a fadure to habi tuate  when 
ammal  xs exposed  to novel s t imuli  o f  any modah t y ,  and wxth scopolamine .  The second piece of  evidence 
both  dlstractaon and exp lora t ion  have been considered as f rom Grant  [12] who found  that  scopolamine  ii 
measures of  or ient ing [2 ] .  However,  It has been suggested shor t - te rm habltuat~on of  l o c o m o t o r  activity in mice 
that  hab i tua t ion  of  d i f fe rent  responses  may revolve differ-  dmcussed above it xs ques t ionable  whe the r  loc 
ent neuropharmacolog lca l  m e c h a m s m s  [22] and m order  to activity can be considered an exp lo ra to ry  response  
test this hypo thes i s  pharmacologica l  data are needed on  and, m addi t ion ,  d i f fe ren t  mechanisms  may be inv¢ 
habi tua t ion  o f  bo th  exp lora t ion  and dis t ract ion.  Ex- short-  and long-term hab~tuatlon [6 ,8] .  
p lora tory  responses  are ehc~ted when  an ammal  is exposed  The purpose  of  Expe r imen t  1 was to test the ge 
to a novel env i ronmen t  and the concep tua l  dxstlnctlon of  Car l ton ' s  hypo thes i s  by investigating the effi 
be tw een  exp lora t ion  and m o t o r  activity has been  w~dely habi tua t ion  of  exp lora t ion  o f  3 muscar tmc an1 
accepted  [1, 10, 18] even though  the practical separa t ion drugs, scopolamine ,  a t ropine  and benzhexo l  Th 
of these 2 measures  can be diff icul t  to achieve. Thus  ~t plexity of  the  test s~tuat~on was varied m o~ 
may be that  habxtuat ion of  m o t o r  ac t lwty  will have a de te rmine  whe the r  the ~mpa~rment o f  hab l tua t l  
d i f ferent  pharmacologica l  bas~s f rom habi tua t ion  of  related to thin factor  The ~mportance of  takm 
explora t ion ,  f requency  and dura t ion  measures  of  exp lo ra t ion  h 

Car l ton has suggested that  a central  m u s c a n m c  poin ted  out  by R o b b m s  [19] and ~s emphas~sed b3 
cholmerg~c sys tem is essential  for habltuat~on of  explora-  where a decrease ~n the f requency  of  lever press 
tory behawour  [3,4] and 2 p~eces of  evtdence are sa~d to accompanied  by an increase m dura t ion  [15] .  
suppor t  this concept .  One came f rom a test s~tuatlon m 
which the ammals  were exposed  to the test  env i ronmen t  
when ~njected wi th  scopolamine ,  bu t  conclus ions  about  EXPERIMENT I 
habltuatxon under  this drug were based on a test  the METHOD 
following day when  the ammals  were undrugged.  
Scopolamine  has powerfu l  d~ssocmt~ve effects  [16] and Ammals 
therefore  poorer  pe r fo rmance  by ammals  that  had been  Male h o o d e d  Lister rats 3 0 0 - 3 5 0  g weight ,  sup~ 
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Olac Ltd. ,  Blcester, were housed m groups of  6 per cage an Ammals  received one  10 mm trml per day for : 
an 11 hr hght,  13 hr dark cycle at 25°C with  ad hb food except  for the rats tested with scopolamine,  which r, 
and water,  trials for 4 days. 

Male mice of  CFW strain, 2 0 - 2 5  g weight,  were housed 
m groups of  I0  in a I0  hr hght,  I4 hr dark cycle at 25°C RESULTS 

with ad lib food and water .  Scopolarnme 

Apparatus Rats. From Fig. 1 at can be seen that  m all groups 

The rat holeboard was a wooden  box  with 46 cm high the durataon of  head-dappmg was sxgmficantly m 
walls and a f loor 66 x 56 cm. In the f loor,  which was 1 cm when there were objects  present (F(1 ,54)  = 30 5, p< 
thick, were 4 equal ly  spaced holes, 3.8 cm m dya. The f loor  Scopolamine  produced a dose-related increase 
of  the holeboard  was 12 cm above the base of  the box  and measure (F(2 ,54)  = 6.3, p<0 .01 ) ,  but  m spite of  
when objects  were placed under  the holes they  came to 3 groups showed significant habi tua t ion  (F(3 ,162)  : 
cm below the top  of  the hole. The  objects  used were a p<0 .001) ,  and there was no in teract ion be tween  the 
metal  weight,  a glass funnel  containing co t ton  wool ,  an habi tua t ion  and scopolamine (F(6 ,162)  = 0.95). Th 

no interact ion be tween  the rate of  habi tuat ion a 
a lummium pot  failed with  matches,  and a rubber  bung. Pilot presence or  absence of  objects  (F(3 ,162)  = 1.1 ) n o r ,  
experaments had shown that these 4 objects  reliably ehcl ted interact ion be tween  all 3 factors significant (F(6,  
equal amounts  of  explorat ion.  0.26). The f requency of  head-dips also increased w 

The mouse holeboard  was a smaller version of  the rat drug dose (F(3 ,162)  = 24.2, p < 0  001). However  
holeboard.  The  f loor  was 40 cm square and the walls were there were objects  present the f requency  of  head-d 
27 cm high. The  holes were 3 c m m  dla. and the objects  not  show habatuation over  trials m the scopolamine:  
were placed 2 cm below the top  o f  the hole. The level of  a l though the cont ro l  group did habi tuate  this le 
d lummat lon  on the f loor of  the holeboards  was 3.0 slgmficant drug x trial x objects  interact ion (F(6,  
lumens/f t2" 2 4, p<0 .05 ) .  

Drugs Rats showed more  rears when objects were 

The drugs used were scopolamine  hydrobromlde  and (F(1 ,54)  = 5.4, p<0 .025) ,  scopolamine  increased re 
atropine sulphate,  f rom Sigma Chemical  Co., and benzhexo l  rats (F(2,54)  = 13.3, p<0 .001) ,  a l though as can ! 

f rom Fig 3 this was due to the effect  o f  the 2 mg/l~ 
h y d r o c h l o n d e  f rom Winthrop laboratories.  All the drugs All the rats showed habi tuat ion over trials (F(3,162 
were dissolved m 0.9% saline and the doses are expressed m 
terms of the salt The  drugs were adminis tered by intra- p<0  001) and none of  the interact ions was slgnffacan 

Mtce The results f rom the group of  mice tested 
per i toneal  inject ion and the vo lume of  inject ion never hole-board are essenhally the same as the results fro 
exceeded 2 ml for rats and 0.5 ml for mice. (see Fig. 2). Both the drug (1 mg/kg scopolamlr  

Procedure sahne groups showed hab~tuataon of  the dural 
head-dipping (F(2,36)  = 17 4, p < 0 . 0 0 1 )  when the1 

Since the level o~f explora t ion  varies th roughout  the day objects present,  but  the drug group did habatuat~ 
[8] the rats were test~d only be tween  10.00 and 12.00 hr, slowly than the cont ro l  (F(2 ,36)  = 12.7, p < 0 . 0 0 1 )  
and the mice were t, es~t~d only  be tween  14.00 and 16.00 hr, was a sagnyflcant effect  of  scopolamine on the frequ, 
with the order  o f  testing randomlsed be tween  drug and head-dipping (F(1,18)  = 16.5, p<0 .001) ,  owing 
saline groups failure of  the drug group to habituate.  As was the ca 

The first batch o f  rats was randomly  allocated to groups rats, when objects  were absent f rom the sltuat~o 
w h i c h  received saline, scopolamine  (1 mg/kg) or measures showed significant habi tua t ion  (F(2 ,36)  
scopolamine (2 mg/kg) The  second batch of  rats was and 13.7, p < 0 . 0 0 1 ,  for f requency and durat ion 
randomly  assigned to saline, a t ropine  (10 mg/kg) or twely).  
a t ropine (20 m g / k g ) g r o u p s ,  and the third batch to sahne It can be seen f rom Fig. 3 that  all mice : 
and benzhexol  (40 mg/kg) groups. All groups were habi tua t ion  of  rears over trials (F(2,72)  = 61 0, p<  
subdlwded into 2, wi th  1 subgroup tested in the presence of  and more rearing when there were no objects  un~ 
objects and the o the r  m the absence of  objects.  Each holes ( F ( 1 , 3 6 ) =  7.4, p<0 .01 ) ,  the t r ia ls× d r u g m t e  
subgroup contained 10 rats. The mice were r andomly  was not  significant (F(2,72)  = 0 32). However,  habl 
al located to a saline or scopolamine (1 mg/kg) group and was more rapid when the objects  were absent (F(: 
the groups subdivided into the objects  present or absent 24, p < 0 . 0 0 1 )  and this was part icularly marked for tl 
condi t ion,  to give I0 mice per subgroup. All animals were injected with scopolamine (trmls × drugs × object  
injected in t rapen tonea l ly  20 min before testing, action F(2,72)  = 7.9, p < 0  001) Scopolamine  redm 

Each animal was placed singly in the centre of  the board,  number  of  rears made by mace (F(1 ,36)  = 10.5, p< 
facing away from the observer,  and Its behavlour was 
recorded for 10 ram. The number  of  t imes the animal put  
ats head down each hole and the dura t ion of  each head-dip 
( to the nearest second) were recorded.  A head-dip was Atropme 
scored if the animal 's  head entered the hole at least as far as The effects  of  a t ropine on habi tua t ion  of  exploral 
bo th  eyes being below the f loor of  the box.  The number  o f  shown in Table 1. F r o m  this table it can be seen th; 
rears was also counted ,  including bo th  free-standing rears was no effect  on the f requency of  head-dipping o 
and those against the sides of  the box. After  each trial the doses (10 and 20 mg/kg) of  a t ropine (F(2 ,27)  = 0 
f loor of  the apparatus was washed and dried to remove  0.04, for the objects  present and absent condi t ions  
traces of  the ammal ' s  path.  tlvely), and all groups showed significant habltuat~c 
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FIG l. The durat=on (s) and frequency (number/ t0  ram) of head-dipping over successwe reals m mice reJected with sal 
head-d~ppmg over successwe trials in rats reJected with saline, l or mg/kg scopolamine and tested m the presence or abs 
2 mg/kg scopolamine and tested m the presence or absence of objects 

objects 
w h e n  the  ob jec t s  were present  (F (2 ,36 )  = 36.9 an  
for n u m b e r  of  head-d ips  and d u r a t i o n  of  head-~ 

over  the  first 2 trials ( F ( 1 , 1 2 7 )  = 110.8 and 6 9 . 5 , p < 0 . 0 0 1 ,  respect ively,  p < 0 . 0 0 1 )  and  w h e n  they  were absen t  ( 
for the  obJects  present  and absen t  cond i t ions ) ,  and  there  = 18.0 and  44 .3 ,  for  f r e q u e n c y  and  d u r a t i o n  ol 
was no drug  × trials i n t e r ac t i on  (F (2 ,27 )  ~ 0.38 and 1.7, d ipping,  p < 0 . 0 0 1 ) .  Benzhexo l  had no  overall  e f fec t  
for obJects  p resen t  and absen t  cond i t ions ) .  Similar ly ,  n u m b e r  of  rears (F (1 ,36 )  = 0 .43) ,  all rats  habltuat~ 
a t rop ine  did not  affect  the  d u r a t i o n  of  head-d ipp ing  trials (F (2 ,72 )  --- 110.9,  p < 0 . 0 0 1 ) ,  bu t  those  mject~ 
(F (2 ,27)  --- 0 .69  and  0 .10  for  ob jec t s  p resen t  and  absen t )  b e n z h e x o l  showed  a more  rapid decrease  ovel 
and all g roups  showed  s ignif icant  h a b i t u a t i o n  even over  the  ( F ( 2 , 7 2 ) )  = 8.3,  p < 0 . 0 0 1  ). 
first 2 trials ( F ( 1 , 2 7 )  = 44.1 and  52.4 ,  p < 0 . 0 0 1 ,  for obJects  
p resen t  and  absent ) .  

A t r o p i n e  r educed  the  n u m b e r  of  rears  ( F ( 2 , 1 5 4 )  = 4.5 ,  DISCUSSION 
p < 0  025 )  and all the  rats  showed  h a b i t u a t i o n  over  trials 

S c o p o l a m i n e  increased b o t h  the  f r e q u e n c y  a 
(F (2 ,72 )  = 129.8,  p < 0 . 0 0 1 ) ;  there  were no s ignif icant  du ra t i on  o f  head-dips  which  agrees wi th  o t h e r  rep 
in te rac t ions  (see Table  2). increased re sponse  to novel  s t l m u h  [ 13 ,14] .  This  in 

Benzhexol exp lo ra t i on  was no t  seen a f te r  re jec t ions  of  atro] 
b e n z h e x o l ,  wh ich  agrees wi th  the  ef fec ts  of  a t ropi  

Benzhexo l  (40  mg/kg)  did no t  a l ter  the  f r e q u e n c y  or  mg/kg)  o n  head-d ipp ing  in mice,  a l t h o u g h  an ex! 
du ra t i on  of  head-d ipp ing  w h e n  obJects  were p resen t  h igh dose (32 mg/kg)  did increase the  frequel 
(F (1 ,18 )  = 1.3 and  0.83 respec t ive ly)  or absent  (F  = 0 .04  head-d ipp ing  [ 2 0 ] .  
and 0 .54 respect ively) ,  see Table  I. Rats  in jec ted  wi th  Bo th  mice  and  rats  in jec ted  wi th  s copo lamine  f, 
b e n z h e x o l  showed  s igni f icant  h a b i t u a t i o n  of  e x p l o r a t i o n  show be tween- t r i a l  h a b i t u a t i o n  of  the  n u m b e r  of  he  
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FIG. 3. The number of rears over successive trials made by mice and rats injected with saline or 
scopolamine and tested in the presence or absence of objects 

made  w h e n  ob jec t s  were present ,  a l t h o u g h  h a b i t u a t i o n  was tha t  ~t is a CNS depressant ,  whereas  a t rop ine  is 
no rma l  m the  absence  of  objects .  Th~s suppor t s  the  s t imulan t .  
suggest ion [5] t ha t  s copo lamine  has a grea ter  ef fec t  as the  The  presen t  resul ts  do  no t  suppo r t  a general  mvol  
c o m p l e x i t y  of  the  task is increased.  But  w h y  are d i f f e ren t  of  a cen t ra l  musca r lmc  chohne rg i c  sys tem m be twe  
results  o b t a i n e d  w~th the  f r e q u e n c y  and  d u r a t i o n  of  h a b i t u a t i o n  of  e x p l o r a h o n .  The  relat ive poten,  
head-dipping7 It has been  s h o w n  [9] tha t  the  d u r a t i o n  of  s copo lamine  and a t rop ine  are a p p r o x i m a t e l y  1 0 1  
head-d ipp ing  is a more  valid measure  of  exp l o r a t i on  t h a n  failure to f ind an i m p a i r m e n t  of  h a b i t u a t i o n  wi th  a 
the n u m b e r  of  head-dips ,  and thus  s copo lamine  may  impai r  c a n n o t  be due  to  using too  low a dose. Similarly the  
h a b l t u a h o n  o f  ac t iv i ty  [ 1 2 ] ,  bu t  no t  h a b i t u a t i o n  of  b e n z h e x o l  was chosen  o n  the basis of  its po tenc :  
exp lo ra t ion .  The  i m p o r t a n c e  of  d i s t inguish ing  b e t w e e n  compared  wi th  a t rop ine ,  and was roughly  e q u l v a l e n  
m o t o r  ac t iv i ty  and exp l o r a t i on  has been  stressed by  m a n y  20 mg/kg  dose of  a t rop ine .  The  effects  r epo r t ed  by  
au tho r s  [1, 9, 18] .  It is u n h k e l y  t ha t  these resul ts  are due  and by  G r a n t  seem the re fo re  to be pr imar i ly  restr l  
to the  per iphera l  ef fects  of  scopo lamine ,  since d i f f e ren t  scopo lamine  and to cer ta in  test  s i tua t ions .  A si 
results  were o b t a i n e d  w i th  the  o t h e r  an t lchol inerg lcs ,  and  res t r ic ted  resul t  has been  r epo r t ed  for  the  hab i t ua  
the  q u a t e r n a r y  der iva twes  m e t h y l s c o p o l a m l n e  and me thy l -  the f lexor  wi thd rawa l  ref lex [ 17] ,  the  acquis i t ion  ol 
a t rop ine  do  no t  ef fec t  h a b i t u a t i o n  [3 ,12]  One  of  the  is impa i red  by  a t rop ine  (30  mg/kg)  bu t  no t  by  scope 
reasons for  o b t a l n m g  d i f fe ren t  resul ts  wi th  scopo lamine  :s (up to 0 5 mg/kg) .  



CHOLINERGIC I N V O L V E M E N T  IN HABITUATION 

T A B L E  I baseline licking activity.  Since muscar lnic  ant~ 
produce  peripheral  changes, e.g. dryness  of  the  

EFFECTS OF ATROPINE AND BENZHEXOL ON EXP[ORATION IN which might  affect  behavmur  in this task, two add 
THE HOLEBOARD 

control  groups were tested.  These groups received 
a t ropine  and me thy l scopo lamine ,  drugs that  prodl 

Trials I 2 3 same peripheral  changes but  do no t  readily p~ 
Head-Dips Freq Duration Freq Duration Freq Duration blood-brain  barrier. 

A second purpose  m this expe r imen t  was to exam 
IA) Objects Present ex ten t  to which ant lchohnergic  drugs produced  
Sahne 164 303 60  128 3 I 83 d e p e n d e n t  hab i tua t ion  [16] This would mean th~ 
10 mg/kg would be able to habi tua te  af ter  inject ion wi th  a mu: 
Atropine 15 3 33 2 6 9 17 I 3 4 9 5 antagonis t ,  and would also show re ten t ion  o f  habl tu  
20 mg/kg retes ted af ter  the same drug inject ion.  However,  if 
Atropine 18 2 37 9 8 2 18 7 3 5 10 4 

was re tes ted  when  it was undrugged then it would sh 
Sahne 176 438 60  11 8 28 66  
40 mggkg or no hab i tua t ion  Similarly, rats habl tua ted  um 
Benzhexol 19 9 40 8 9 0 26 3 7 5 15 0 would show good re ten t ion  when  tested undrugg 
(B) Objects Absent would show less re ten t ion  if tested after  an lnjectic 
Sal,ne 12 3 24 9 7 2 II 8 2 8 5 0 an t lchohnergic  drug. If s t a t e -dependen t  habl tua 
10 rng/kg found  this would mean that  the habi tua t ion  was spe 
Atropine 11 7 26 4 7 6 12 I 2 6 4 6 the drug state in which it was acquired ,  but  this 
20 mg/kg d i f ferent  f rom saying that  ant lchohnergIcs  prev~ 

Atrop,ne 13 5 31 0 6 5 9 6 2 5 3 8 acquls i tmn of  habi tua t ion  [4] .  

Sahne 12 I 22 8 5 9 10 7 2 4 5 1 
40 mg/kg METHOD 
Benzhexol I1 7 20 5 5 8 9 0 3 2 3 2 

A mmals  

Male h o o d ed  Lister rats, 3 0 0 - 3 5 0  g weight,  were 
T A B L E  2 as descr ibed in Expe r imen t  1. These rats were i 

MEAN NUMBER OF REARS MADE IN THE HOLEBOARD ON SUC-  deprived of  water  for 48 hr and the rea l t e r  only  r 
CESSIVE TRIALS water  in the test  chamber ,  or immedia te ly  followir 

test, in suff ic ient  quan t i ty  to mainta in  a stead3 
weight Food  was available ad lib 

Trmls 
Drug 1 2 3 Apparatus 

(A) Objects present The test chamber  was 19 cm high with a grid flo~ 
Sahne 23 6 16 I 11 5 26 5 cm and was enclosed in an acoustically msulat, 
Atropine 10 mg/kg 20 5 16 2 11 7 A slit in the end wall gave access to a water  spout  
Atropine 20 mg/kg 21 0 11 0 8 5 d r i n k o m e t e r  recorded the rat 's  licking. Expe r lmen ta  
Sahne 19 3 6 7 6 2 were automat ica l ly  p rogrammed  and the  t o n e  
Benzhexol 40 mg/kg 30 0 5 9 6 9 dehvered via a loudspeaker  pos i t ioned m the hd 
IB) Objects Absent chamber  at the water  spout  end. The tone used wa 
Sahne 20 4 15 9 10 6 75 dB (re. 0.0002 d y n es / cm 2 ) for 9 sec 

Atropine 10 mg/kg 24 9 18 0 12 6 
Atropine 20 mg/kg 19 1 9 5 6 8 Drugs 

Sahne 24 1 15 0 7 5 The drugs used were the same as in Exper lmen 
Benzhexol 40 mg/kg 29 0 ! 1 7 2 5 addi t ion scopolamine  m e t h y l b r o m l d e  and a t ropine  i 

b romide  were used These drugs were supphed  by 
Chemical  Co.,  and dissolved m 0.9% saline. 

EXPERIMENT 2 
Procedure 

Al though  Car l ton  has implicated a chohnergic  sys tem in 
hab i tua t ion  o f  exp lora t ion  this sys tem is not  essential  for Rats were r andomly  allocated to saline, scopolan 
the hab i tua t ion  o f  s tart le  responses  [ 21 ,22 ] ,  and he 2 and 4 mg/kg),  me thy l - scopo lamine  (1 and 4 
suggests that  at the neuropharmacolog ica l  level d i f fe ren t  a t ropine  (10, 15 and 20 mg/kg) me t h y l a t ro p l n e  (15 
mechanisms  may be revolved in d i f fe rent  types  of  habltua-  mg/kg) and benzhexo l  (40 mg/kg) groups,  to give 
t ion.  A third type  of  behavioural  hab i tua t ion  that  has been  per group.  InJections were given mt raper i tonea l ly  
s tudied is the  hab i tua t ion  o f  or ient ing responses ,  measured before testing, f rom the second day onwards  
m a dis t ract ion task [7] .  The hab i tua t ion  in this s i tuat ion IS On the first day fol lowing the initial water  depl 
long-term since it is re ta ined for  several days [7 ] ,  and the  no inject ions  were given and the rats were left in 1 
rate o f  h a b i t u a t m n  is cons tan t  for s t imulus  p resen ta t ion  chamber  for 15 min or un td  they  had made 2,000 h 
rates of  IVz min to 24 hr [8 ] .  The purpose  of  Expe r imen t  2 the second day the  rat 's  200th  lick swi tched on a 
was to examine  the effects  o f  muscarmic  antagonis ts  on this period o f  9 sec In which the n u mb er  of  licks made  ( 
type of  habi tua t ion  The dis t ract ion p roduced  in rats by counted .  Fol lowing this period the ra t ' s  nex t  20£ 
tones  was measured by the dura t ion  o f  in te r rup t ion  in their  swi tched on a 9 sec period during which the  tone s 



70O 

was dehvered,  and the  number  o f  hcks during this period T A B L E  3 
(B) was counted .  Cont ro l  and tone  periods al ternated with 
an average interval be tween  tones of  75 sec. A ratio of  A - B  EFFECTS OF ANTICHOLINERGIC DRUGS ON DISTRACTI 

A HABITUATION TO TONE STIMULI 

was used as a measure of  dtstract ion,  comple te  dis t ract ion 
to the tone giving a ratio o f  one  and comple te  habi tuat ion a D~stract~on T ~  
ratio of  zero. A cr i ter ion of  habi tua t ion  was adopted  of  3 Ratio Hab 
successive s t imulus presentat ions to which the dis tract ion 
ratio was ~<0.10. Fo r  each rat the dis tract ion ratio to the Sahne 0 52 1. 
first s t imulus presenta t ion  was calculated and the number  1 mg/kg Scopolamine 0 54 11 
of  trials, or  s t imulus presentat ions,  needed to reach 2 mg/kg Scopolamine 0 56 1, 
habi tua t ion  was counted .  4 mg/kg Scopolamine 0 57 11 

When each rat reached cri terion It was assigned to a Sahne 0 52 I~ 
s tate-constant  or  a state-change condi t ion  thus, on  the l mg/kg Methyl- 
next  day animals m the drug groups received ei ther  their  scopolamine 0 56 11 
usual drug reject ion before  being tested (a s ta te-constant  4 mg/kg Methyl- 
group) or they were tested undrugged (a state-change scopolamme 0 59 1. 
group).  The saline groups were similarly divided into those Sahne 0 50 1: 
tested again undrugged (state-constant)  and those tested 10 mg/kg Atropine 0 50 1: 
drugged (state-change).  The  doses chosen for this test were 15 mg/kg Atropine 0 51 11 
scopolamine (4 mg/kg) methy l scopo lamlne  (4 mg/kg),  20 mg/kg Atropine 0 52 1~ 
atropine (15 mg/kg),  me thy la t ropme  (15 mg/kg) and 

Sahne 0 52 I~ benzhexol  (40 mg/kg) Once again the Initial dis tract ion to 
15 mg/kg Methyl- the tone and the trials to habi tua te  x~ere scored 

atropine 0 63 1, 
20 mg/kg Methyl- 

RESU L TS atropine 0 71 I! 

Since the basehne ac twi ty  in this exper iment  was hcklng Sahne 0 50 I! 
It was thought  that  the peripheral  effects  of  the muscar imc 40 mg/kg Benzhexol 0 53 1( 
antagonists (e.g. dryness of  the mou th )  m~ght interact  wi th  
any central  effects  of  the drugs on the distraction,  and/or  
subsequent  habi tua t ion ,  to tone  stunuh. This did not  seem ated under  1, 2 or 4 mg/kg scopolamine she 
to be the case because nei ther  methy lscopolamlne  nor significant (at least p<0 .05 )  return of  orienting 
me thy la t ropme  affected dis t ract ion or  habi tuat ion.  Indeed,  tested undrugged (t = 4.17,  5.67, 3.0, df  = 
the rate of  licking did not  vary be tween  any of  the drug and similarly, the rats habi tuated when undrugged sh 
sahne groups,  a l though the muscarmic  antagonists did significant return of  orienting when tested after 4 
increase the la tency with  which the rats started to lick, and scopolamine  (t  = 4 11, df = 5). However  thl~ 
decreased the t ime for which s teady hcklng was obtained,  dependent  habi tua t ion  cannot be entirely due to 
These effects  are probably due to a central  act ion of  the effects  because rats habi tuated under 1 and 4 
drugs and agree with  repor ts  of  a reduced water  intake methy lscopolamine  also showed a sigmflcant incr 
fol lowing re ject ion of  scopolamine [ 11 ]. or ient ing if they were tested undrugged (t = 5 06 

Table 3 shows the mean dis tract ion ratios to the first 2 78, df  = 5) as did those habi tuated undrugg 
tone presenta t ion  for the saline and drug groups F rom this tested after 4 mg/kg me thy l scopo lamme (t = 3.6 
~t can be seen that  the mean dis tract ion ratios for the 3 5) Atropine  produced less p ronounced  state-del; 
saline groups showed lit t le variation, but  nor was the effects, for  whilst rats habi tuated under the hlghe~ 
distract ion ratio of  any of  the drug groups slgmficantly 15 and 20 mg/kg,  showed an increased distractloJ 
different  f rom the saline controls  ( p > 0  05). Similarly,  none tested undrugged (t = 11.06, 4.82, df  = 5, p<0.01  
of the drug groups took  significantly longer or shorter  to habi tuated under  10 mg/kg showed no sigmflca 
habi tuate  to the tone st imulus than did the controls  when tested undrugged (t = 2.21, d/ = 5, p>0.0 :  
(p>0.05) .  those habi tuated undrugged did not  show a slg~ 

Table 4 gives the data for the re tent ion  test 24 hr after return of  or ient ing when tested after inject ion 
the rats had reached habi tua t ion  c l r tenon.  In the state- mg/kg a t ropine  (t = 2.45, dr= 5, p > 0  05). Once m 
constant  groups the animals were tested m the same state m s ta te-dependent  effects  at the higher doses migl- 
which they had been habituated.  F rom the left-hand been due to peripheral  changes produced by a 
columns in Table  4 it can be seen that all the because rats habi tuated under 15 and 20 mg/kg 
state-constant  groups remained habi tuated and did not  a tropine showed a s~gnificant return of  orlentm~ 
distract to the tone.  Thus, the rats were not  only capable tested undrugged (t = 3.34, 3.80, df  = 5, p<0.0:  
of  habi tuat ing when dosed with ant lchohnerglc  drugs but  those habi tuated undrugged but  tested under 15 
retained this habi tua t ion  when  tested the fol lowing day,  me thy la t ropme  also showed increased orient ing ( t :  
after the same drug inject ion,  df  = 5, p<0 .05) .  Finally,  benzhexol  produces 

In contrast ,  the right hand columns in Table 4 show the dependent  habi tuat ion w~th rats transferring i 
distract ion to the test tone  for rats tested m a drugged to an undrugged state showing increased or 
changed drug state, and the  trials to rehabl tuate .  All (t = 3.79, d /  = 5, p<0 .05 )  and vice versa (t = 4.2 
groups showed an increase m distract ion compared  with  5, p<0 .05) .  
their cr i ter ion level the previous day,  the animals habltu- For  those animals showing s ta te-dependent  habit 
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T A B L E  4 

TRANSFER OF HABITUATION FOR STATE-CONSTANT AND STATE-CHANGE GROUPS 

State-Constant Groups State-Change Groups 
Ratio* Trmlst Ratio* Tnalst  

Scopolamine Scopolamine 
From 

sahne 0 04 0 I mg/kg 0 47 17 5 
I mg/kg 0 05 0 2 2 mg/kg 0 33 12 0 
2 mg/kg 0 05 0 2 4 mg/kg 0 26 10 8 
4 mg/kg 0 06 0 To 

4 mg/kg 0 41 15 8 

Methyl- Methyl- 
scopolamine scopolamine 

From 
sahne 0 04 0 I mg/kg 0 34 I 1 8 
I mg/kg 0 06 0 4 mg/kg 0 34 13 5 
4 mg/kg 0 04 0 To. 

4 mg/kg 0 59 7 0 

Atropine Atropine 
From. 

sahne 0 05 0 10 mg/kg 0 24 4 5 
10 mg/kg 0 04 0 15 mg/kg 0 48 15 3 
15 mg/kg 0 04 0 20 mg/kg 0 49 14 3 
20 mg/kg 0 06 0 To 

15 mg/kg 0 41 8 0 

Meth3,1- Methyl- 
atropine atropine 

From 
sahne 0 03 0 15 mg/kg 0 36 7 3 
15 mg/kg 0 04 0 20 mg/kg 0 39 7 6 
20 mg/kg 0 05 0 To 

15 mg/kg 0 21 6 3 

Benzhexol Benzhexol 
From 

sahne 0 04 0 40 mg/kg 0 31 9 0 
To 

40 mg/kg 0 07 0 40 mg/kg 0 35 11 1 

*Ratio = mean d~stract~on to the first test tone 
tTrmls = mean number of trmls to rehab~tuate 

as ref lected m a significant re turn  o f  or ient ing,  the antagontsts ,  for the drugs wi th  primari ly per tpheral  
n u m b e r  o f  trials needed to rehabt tua te  gwes a measure  o f  there was some savings m rehabi tua t lon ,  indicat ing 
the ex t en t  to whtch  the hab i tua t ion  was s t a t e -dependen t  t ransfer  b e t w een  states. However,  only  in the case 
Comple te  d lssocmtion would mean  that  rats t ransferr ing,  habi tua ted  undrugged and tes ted wt th  15 mg/kg 
say, f rom 1 mg/kg of  scopolamine  to an undrugged state a t ropme  was thts savings slgniftcant at the 5% lex 
would need as many  trials to rehabl tua te  as animals had 2.26, df = 16) for  the o the r  groups  the savings w 
taken that  had originally been habt tua ted  undrugged.  If a significant at the 10% level. 

s~gmficant saving m regabl tua t ton  occurs  then  thts is DISCUSSION 
evidence that  there  is some t ransfer  be tween  states.  None  
of  the rats m the scopolamine  groups  showed  stgnificant  The results o f  Expe r imen t  2 show that  mu: 
savings on the trtals to rehab~tuate,  indicat ing that  wi th  antagonts ts  do no t  prevent  hab i tua t ion  o f  dastract~c 
thxs drug the d tssocmt ton  IS comple te .  Similarly, the only  that  there  is 24 hr r e t en t ton  o f  thxs hab i tua t ion ,  p 
a t ropme  group showing stgntficant savings was the  one  that  the rats are tes ted in the same drug state ~n 
t ransferr ing f rom 10 mg/kg ( t  = 2 48,  df = 16, p < 0 . 0 5 ) ,  they were habi tua ted .  
which had already s h o w n  t ransfer  on  the d is t rac t ion  The results f rom the rats tes ted m a dffferel 
measure.  Benzhexol  p roduced  a similar result  wath no state f rom the  one  m which they  were halz 
s~gniftcant sawngs. The only  ewdence  that  this dissociated,  indicated that  all the an t lchohnerg ics  p roduced  p, 
or s t a t e -dependen t ,  hab i tua t ion  as due  to central  effects  ~s dissocmt~on, '~.e. the habatuat ion was s ta te-dep 
that  whilst  it was tota l  for the central ly actmg muscarmic  Thus an animal hab i tua ted  under  scopolamine  bu! 
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undrugged will fall to d e m o n s t r a t e  hab i tua t ion  - not  G E N E R A L  DISCUSSION 

because scopolamine  had prevented  hab i tua t ion ,  but  A central  m u s c a n m c  sys tem does  not  seem 
because this hab i tua t ion  does  not  t ransfer  to an critically involved m behavxoural hab i tua t ion  m t 
undrugged state.  Th~s re inforces  the  suggestion made  There  is no evidence for a chohnerg~c role in the h 
earlier in thin paper  that  the  poor  pe r fo rmance  of  the t lon of  start le [ 2 1 ,2 2 ] ,  none of  the ant imuscarm~ 
scopo lamine  ammals  m the wa te r -approach  task [4] could af fec ted  hab i tua t ion  of  dxstractlon; and only  scopc 
well have been  due  to s t a t e -dependen t  learning, and not  affected hab i tua t ion  of  exploratxon,  and then c 
to a fadure to habi tua te  when  drugged,  certain test condi t ions .  
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