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FILE, S. E. Effects of two anxiolytics on distraction, habituation and dishabituation. PHARMAC. BIOCHEM. BEHAV. 
7(2) 105-109, 1977. - Rats were engaged in a baseline activity of licking and their distraction to tone stimuli measured 
by an interruption in licking. Habituation, distraction to a stimulus change and dishabituation (the return of distraction to 
the original tone) were studied. Ethanol (0.4 and 0.8 g/kg) and chlordiazepoxide (7.5 mg/kg) produced significantly faster 
habituation, a result that cannot be attributed to changes in the baseline response rate, or to differences in the initial 
distraction to the tone. All groups showed 24 hr retention to the tone when they were tested in the same state in which 
they were habituated. There was transfer of habituation between drugged and undrugged states for rats injected with 
chlordiazepoxide, but rats habituated undrugged showed no retention if tested after injections of ethanol. CMordiaze- 
poxide impaired the specificity with which the physical parameters were coded, whereas ethanol improved the specificity 
of coding. Neither drug affected dishabituation. 
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IN HUMANS an increase in anx ie ty  leads to slower 
hab i tua t ion  of  the vasocons t r ic t ion  and galvanic skin 
responses  to tone  stimuli [9, 10, 12]. This s lower habitua-  
tion may be a direct  result  of  increased anxie ty  or it may be 
secondary  to the changes p roduced  by anxie ty  in the 
baseline response  levels. In order,  therefore ,  to see w h e t h e r  
changes in anxie ty  direct ly affect  the rate of  hab i tua t ion  it 
is necessary to select a s i tuat ion in which the baseline 
response is unaf fec ted  by anxie ty .  

If an increase in anxie ty  does lead to slower hab i tua t ion  
then  drugs that  reduce anxie ty  should p roduce  faster 
habi tuat ion.  Expe r imen t  1 was designed to investigate the 
effects  of 2 anxiolyt ics ,  e thanol  and ch lord iazepoxide  
(CDP), on d is t rac t ion  in rats to a tone st imulus and their  
effects  on the rate of  hab i tua t ion  to this st imulus.  It also 
examined  the ex t en t  to which this hab i tua t ion  was state- 
d e p e n d e n t  [13] .  The doses of  the two drugs were based on 
those found  to be effect ive in increasing exp lora t ion  during 
the first trial in a ho leboard  [4] ,  an ef fec t  possibly due to 
anxie ty  reduct ion .  

Expe r imen t  2 was designed to investigate whe the r  these 
drugs af fec ted  the specif ic i ty  wi th  which the physical  
parameters  of  the s t imulus were coded  during habi tua t ion .  
This was tes ted by measuring the dis t ract ion p roduced  
when features of the hab i tua ted  s t imulus were changed.  
Undrugged rats are d is t rac ted  by changes in the f r equency  
or in tens i ty  of  an hab i tua ted  tone s t imulus [2 ,6 ] ;  if the 
original s t imulus is then  presen ted  again d ishabi tua t ion  will 
be ref lected in a re turn  of  d is t ract ion to this st imulus.  The 
p h e n o m e n o n  of  d ishabi tua t ion  has been demons t r a t ed  in 
this way for the galvanic skin response in humans  (e.g., 

[15] ). A second purpose  of  Exper imen t  2 was to examine 
the effects  of  anxiolyt ics  on d ishabi tua t ion ,  a p h e n o m e n o n  
which is said to reflect  the process  of sensi t izat ion [7] .  

EXPERIMENT 1 

METHOD 

Animals 

Sixty male h o o d ed  rats (Rattus norvegicus) f rom Olac 
Ltd (Bicester),  350 g in weight,  were housed  in groups of 6 
in a room main ta ined  at 25°(7 in an 11 hr light: 13 hr dark 
cycle. The rats were given an initial 48 hr period of  water  
deprivat ion,  and thereaf te r  received water  during and 
immedia te ly  fol lowing the test, in suff ic ient  quant i ty  to 
maintain a s teady body weight. Food was available ad lib. 

Apparatus 

The test box,  19 x 19 x 26.5 cm, was enclosed in an 
acoustically insulated chamber .  A slit in the end wall gave 
access to a water  spout  and a d r inkome te r  recorded the 
rat 's  licking. Tones were delivered via a loudspeaker  
pos i t ioned in the lid of  the test box at the water  spout  end. 
The tone used was 7 kHz, 75 dB (re 0.0002 dynes,  cm 2) 
for 9 sec. 

Drugs 

Chlord iazepoxide  hydroch lo r ide  (Roche  Products  Ltd) 
was dissolved in deionised water  to give a concen t ra t ion  of  
2 mg/ml.  
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Spec t roscopica l ly  pure  abso lu te  e t hano l  (BDH chemica ls  
L td)  was dissolved in deionised wa te r  to  give a concen t r a -  
t ion  of  0 .16 g /ml  (20% v/v).  

Half  the con t ro l  rats  tes ted  wi th  each  drug group 
received in jec t ions  of  deionised wa te r  equal  in vo lume  to 
the lower  drug dose, and  hal f  received in jec t ions  equal  in 
vo lume to the  h igher  drug dose. 

All in jec t ions  were given in t r ape r i t onea l ly  30 rain before  
testing. 

Procedure 

Thi r ty  rats were r a n d o m l y  a l loca ted  ten each  to con t ro l ,  
e thano l  (0.4 g/kg)  and  e t h a n o l  (0.8 g/kg) groups  and,  
l ikewise, 30 rats  were r a n d o m l y  a l located  to con t ro l ,  CDP 
(5 mg/kg)  and  CDP (7.5 mg/kg) .  Two c o n t r o l  groups  were 
inc luded  because t es t ing  wi th  e t hano l  and CDP took  place 
consecut ive ly .  

On the first  day fo l lowing the  wa te r  dep r iva t ion  per iod  
no  in jec t ions  were given and  each rat  was p laced in the  test  
box and given free access to the  wate r  spou t  for  20 rain. 
The nex t  day,  30 rain af te r  the  app rop r i a t e  in jec t ion ,  each 
rat  was placed in the  tes t  box  and  its 2 0 0 t h  lick swi tched  
on a con t ro l  pe r iod  for  9 sec. The n u m b e r  of licks made  in 
this con t ro l  pe r iod  (A) was coun ted .  Fo l lowing  this pe r iod  
tile nex t  20 th  lick swi tched  on the  tone  for 9 secs and the  
n u m b e r  of  licks made  dur ing  the  tone  (B) was coun ted .  
Con t ro l  and tone  per iods  a l t e rna t ed  un t i l  h a b i t u a t i o n  
cr i te r ion  was reached.  This was t aken  as 3 successive tone  

p r e sen t a t i ons  p r o d u c i n g  a d i s t rac t ion  ra t io  of A - B  ~< 0.10.  
A 

All rats r eached  c r i t e r ion  on  the first tes t  day,  wi th in  20 
rain.  

The fo l lowing day the rats  were tes ted  to see w h e t h e r  
the h a b i t u a t i o n  was s t a t e - d e p e n d e n t  or w h e t h e r  it would  
t rans fe r  be tween  drugged and undrugged  states.  Thus  those  
previously  h a b i t u a t e d  drugged were now  tes ted  undrugged  
and those  previously  h a b i t u a t e d  undrugged  were r a n d o m l y  
a l located 5 each  to be tes ted  af te r  in jec t ions  of e t h a n o l  (0 .4  

g/kg),  e t h a n o l  (0.8 g/kg),  CDP (5 mg /kg)  and CDP (7.5 
mg/kg) .  A series of c o n t r o l  and  tone  per iods  again 
a l t e rna ted  un t i l  the  rats once  more  reached  h a b i t u a t i o n  
cr i te r ion .  

RESULTS 

There  were no  s ignif icant  d i f ferences  in the  rate of  
l icking b e t w e e n  the con t ro l  and drugged groups.  In 9 sec 
the two  con t ro l  groups made  a mean  of  47.5 + 0.9 and 49.8  
+- 1.4, the  e t h a n o l  (0.4 and 0.8 g / k g ) g r o u p s  means  of 45 .8  
+- 1.0 and 46.3 ~ 1.1 respect ively,  and the  CDP (5 & 7.5 
mg/kg)  groups  means  of 47.4  + 0.9 and 47.1 + 0.8 
respect ively.  There  was no  change in the  rate of l icking 
dur ing the  tes t  session. Thus,  any  changes  in d i s t rac t ion  and 
h a b i t u a t i o n  p r o d u c e d  by the  drugs are no t  secondary  to 
changes  in the  baseline response  rate.  

Table  1 shows the  d i s t rac t ion  rat ios  to the  first tone  
p r e sen t a t i on  for  the  con t ro l  and drugged groups.  None  of 
the d i f fe rences  in d i s t rac t ion  was signif icant .  However ,  b o t h  
doses of  e t hano l  and the  h igher  dose of CDP p r o d u c e d  
s ignif icant ly  fas ter  h a b i t u a t i o n ;  a change in h a b i t u a t i o n  tha t  
c a n n o t  be a t t r i b u t e d  to changes  in the ini t ial  d i s t rac t ion  
response.  

Rats  tha t  had  ini t ial ly been  h a b i t u a t e d  a f te r  in jec t ions  of  
e t hano l  (0.4 and 0.8 g/kg) were tes ted  the  fol lowing day 
undrugged ,  and  had  m e a n  d is t rac t ion  rat ios of  0.25 + 0.08 
and 0.23 + 0.07 respect ively,  showing  some recovery of 
d i s t rac t ion  f rom the previous  day ' s  cr i ter ion level of  < 0.10. 
The rats ini t ial ly h a b i t u a t e d  af te r  in jec t ions  of CDP (5 and 
7.5 mg/kg)  also showed  some re tu rn  of d i s t rac t ion  when  
tes ted  undrugged ,  and had  mean  d i s t rac t ion  rat ios  of 0 .17 + 
0.06 and 0.37 + 0.09 respect ively.  The trials t aken  by these 
rats to  r ehab i t ua t e  in the  undrugged  s ta te  are shown  in 
Table 2; in all cases r e h a b i t u a t i o n  was s ignif icant ly  fas ter  
than  the  rate of init ial  h a b i t u a t i o n  shown  by the  undrugged  
con t ro l  rats. 

The rats  ini t ia l ly  h a b i t u a t e d  undrugged  were tes ted  the 

T A B L E  1 

MEAN AND SEM DISTRACTION RATIO"TO FIRST TONE PRESENTATION AND MEAN AND SEM 
TRIALS TO HABITUATE (N = 10/group) 

Ethanol CDP 

Control 0.4 g/kg 0.8 g/kg Control 5 mg/kg 7.5 mg/kg 

Experiment 1 

Distraction 0.56 0.44 0.46 0.48 0.46 0.56 
Ratio _+ 0.10 _+ 0.08 _+ 0.08 _+ 0.06 _+ 0.10 _+ 0.09 

Trials to 13.0 6.4? 6.5t 13.5 14.0 6.55 
Habituate _+ 2.6 + 1.7 _+ 1.6 _+ 1.5 -+ 1.6 +_ 1.0 

Experiment 2 

Distraction 0.54 0.51 0.50 0.51 0.43 0.36 
Ratio _+ 0.05 -+ 0.08 _+ 0.08 _+ 0.06 _+ 0.10 _+ 0.11 

Trials to 11.0 7. I* 4.1 + 8.5 8.0 3.95 
Habituate _+ 1.5 + 1.6 _+ 0.8 _+ 1.1 _+ 1.4 + 0.8 

*p<0.05, one-tailed t-test. 
?,o<0.05, two-tailed t-test. 
Sp<0.01, two-tailed t-test. 
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T A B L E 2  

M E A N  A N D  SEM T R I A L S  T O  R E H A B I T U A T E  F O R  R A T S  RE-  
HABITUATING IN A STATE D I F F E R E N T  FROM THAT IN WHICH 

THEY WERE FIRST HABITUATED 

State in which 1st habituated Trials to rehabituate 
(N = t0/group) when drugged 

Ethanol 0.4 g/kg 5.9 -+ 1.8" 
0.8 g/kg 5.5 _+ 2.2* 

CDP 5 mg/kg 5.9 _+ 1.8t 
7.5 mg/kg 5.3 _+ 2.1+ 

State in which rehabituated Trials to rehabituate 
(N = 5/group) for rats 1st habituated 

undrugged 

Ethanol 0.4 g/kg 4.6 _+ 2.6 
0.8 g/kg 4.8 _+ 2.6 

CDP 5 mg/kg 2.2 _+ 1.2§ 
7.5 mg/kg 2.2 _+ 1.4~ 

*p<0.05, tp<0.01. Two-tailed t-tests compared the trials to re- 
habituate undrugged with the trials to habituate for the rats initially 
habituated undrugged. 

$p<0.05, §p<0.00l. Two-tailed t-tests compared the trials to re- 
habituate drugged with the trials to habituate for the groups origi- 
nally habituated after injections of ethanol (0.4 and 0.8 g/kg) and 
CDP (5 and 7.5 mg/kg) respectively. 

fo l lowing  day af te r  drug in jec t ions .  They  also showed  some 
r e t u r n  of  d i s t rac t ion  wi th  ra t ios  of  0 .27 + 0.08,  0.28 + 
0.08,  0 .16 -+ 0 .06  and  0 .14 + 0 .06 for  those  r e h a b i t u a t i n g  
a f te r  in jec t ions  of  e t h a n o l  (0.4 and  0.8 g/kg)  and CDP (5 
and  7.5 mg/kg)  respeci tvely.  The rats r e h a b i t u a t i n g  a f te r  
e t h a n o l  in jec t ions  did n o t  r each  cr i te r ion  s igni f icant ly  fas ter  
t han  did the  rats  original ly h a b i t u a t e d  af te r  e t hano l  
in jec t ions ;  bu t ,  those  r e h a b i t u a t i n g  a f t e r  CDP in jec t ions  did 
reach  c r i te r ion  fas ter  t han  the  ra ts  original ly h a b i t u a t e d  
af te r  CDP in jec t ions  (see Table  2). 

Thus  there  was l i t t le  ev idence  of s t a t e - d e p e n d e n t  hab i tu -  
a t ion  wi th  CDP, whereas  an imals  h a b i t u a t e d  undrugged  
showed  n o  r e t e n t i o n  if r e tes ted  af te r  in jec t ions  of  e thanol .  
The data  f rom these  s ta te -change  groups  can be c o m p a r e d  
wi th  the  data  f rom E x p e r i m e n t  2, where  all the  rats  were 
tes ted  the  fo l lowing day in the  same s ta te  in which  they  
had  been  h a b i t u a t e d .  

E X P E R I M E N T  2 

M E T H O D  

Animals 

Sixty male  h o o d e d  rats  were housed  and  depr ived as in 
E x p e r i m e n t  I. 

Apparatus 

The  same tes t  c h a m b e r  was used. The  fo l lowing tones  
were p resen ted ,  all were 9 sec in du ra t ion :  7 kHz 75 dB, 13 
kHz 75 dB, 7 kHz 85 dB and a 7 kHz 75 dB tone  tha t  was 
pulsed,  i.e. 1 sec on, 1 sec off. 

Drugs 

As in E x p e r i m e n t  1. 

Procedure 

Rats  were r a n d o m l y  a l loca ted  10 each to the  same 
groups  as in E x p e r i m e n t  1 and the  p rocedure  for the  first 2 
days fo l lowed tha t  in E x p e r i m e n t  1, the  rats  h a b i t u a t i n g  to 
a tone  of  7 kHz 75 dB. 

The day af te r  reaching h a b i t u a t i o n  cr i te r ion  each rat  was 
given the  same in jec t ion  as before  and first p resen ted  wi th  
the  7kHz 75 dB tone ,  to  check tha t  it was still h a b i t u a t e d  
to this  tone.  Each rat  then  received a series of tone  
p re sen ta t ions  in which  a novel  tone  was p resen ted  ( to test  
for  the  specif ici ty  of  h a b i t u a t i o n )  and then  the original  
tone  was p resen ted  again ( to measure  d i shab i tua t ion) .  The 
original  tone  was t hen  p resen ted  unt i l  it again p roduced  no  
d i s t rac t ion  and then  the  nex t  novel  tone  was given. In this 
way 3 novel  tones  were p resen ted  to each rat  and  
d i shab i tua t ion  was measured  on 3 occasions.  One of the 
novel  tones  r ep resen ted  a change in f r equency  from the 
original tone ,  a n o t h e r  an in tens i ty  change and the  th i rd  was 
a change  f rom a c o n t i n u o u s  to a pulsed tone.  The order  of  
p r e sen t a t i on  of  the 3 novel  tones  was r a n d o m l y  d e t e r m i n e d  
for each  rat. 

R E S U L T S  

The ini t ial  d i s t rac t ion  to the 7 kHz 75 dB tone  and the  
trials to  h a b i t u a t e  to this  tone  are shown  in Table  1. The 
results  repl icate  the  f inding in E x p e r i m e n t  1, t ha t  e thano l  
and  CDP do no t  change the  init ial  d i s t rac t ion ,  bu t  do lead 
to more  rapid h a b i t u a t i o n .  

The specif ici ty  of  the s t imulus  coding  should  reflect 
w h e t h e r  the  more  rapid h a b i t u a t i o n  seen in the drugged 
groups was at the  expense  of  specif ici ty  of  coding  of the 
s t imulus  parameters .  Table  3 shown  the % of novel  s t imulus  
p r e sen t a t i ons  tha t  p roduced  d i s t rac t ion  (i.e. a ra t io  > 0 .10)  
in each group of  rats, It can be seen tha t  a f te r  in jec t ions  of  
CDP dis t rac t ion  occur red  only  ha l f  as o f t en  as it did in the 
con t ro l  rats,  suggest ing tha t  CDP impai red  the specif ici ty  of 
s t imulus  coding.  This  was s u p p o r t e d  by the m e a n  distrac- 
t ion rat ios  to  s t imulus  change.  Fo r  each rat  a mean  
d is t rac t ion  ra t io  to the  3 novel  s t imulus  p re sen ta t ions  was 
calcula ted and  the  group means  are shown  in Table 3. Bo th  
doses of  CDP p roduced  lower  d is t rac t ion  rat ios to s t imulus  
change t han  was shown by the con t ro l  rats (see Table 3). 
Thus  the  more  rapid h a b i t u a t i o n  in the CDP groups did 
seem to be at  the price of a less specific s t imulus  coding.  
The  results  wi th  e thano l  con t r a s t  with  the CDP results.  The 
e thano l  groups  showed  more  d i s t rac t ion  responses  to the 
novel  s t imul i  and  h igher  d i s t rac t ion  ratios,  s ignif icant ly  so 
for  the  0.8 g/kg group.  Thus  e t h a n o l  p roduces  rapid 
h a b i t u a t i o n  w i t h o u t  any  loss of  specif ic i ty  and,  at the  
h igher  dose, wi th  an increase.  

Table  3 also shows the group means  for the d ishabi tua-  
t ion  p roduced  by  these s t imulus  changes.  None  of the drug 
groups dif fered s ignif icant ly  f rom the  controls .  

DISCUSSION 

Since increased anx ie ty  leads to s lower  h a b i t u a t i o n  in 
h u m a n s  [9, 10, 12] the  more  rapid h a b i t u a t i o n  found  in 
this e x p e r i m e n t  a f te r  in jec t ions  of  e t h a n o l  and  CDP is 
cons i s ten t  wi th  an i n t e r p r e t a t i o n  in t e rms  of  reduced  
anxie ty .  CDP has  also been  repor ted  to p roduce  more  rapid 
h a b i t u a t i o n  in Siamese f ight ing fish [1 ] ,  and more  rapid 
h a b i t u a t i o n  to l ight  flashes in ra ts  [ 1 6 ] .  A l though  the  
effects  of  e t h a n o l  on star t le  h a b i t u a t i o n  were no t  s tudied  
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T A B L E  3 

THE % OF NOVEL STIMULUS PRESENTATIONS THAT PRODUCED A DISTRACTION 
RESPONSE IN EACH GROUP OF RATS, THE MEAN DISTRACTION RATIO TO 

STIMULUS CHANGE, AND THE MEAN DISHABITUATION. (N = 10/group) 

% Mean Distraction Mean 
Group Distraction to Stimulus Change Dishabituation 

Control 53 0.27 + 0.08 0.27 + 0.11 

CDP 
(5mg/kg) 27 0.11" ± 0.04 0.13 ± 0.03 

CDP 
(7.5 mg/kg) 27 0.11" ± 0.03 0.11 ± 0.03 

Control 49 0.24 + 0.03 0.21 + 0.04 

Ethanol 
(0.4 g/kg) 61 0.32 + 0.05 0.27 ± 0.04 

Ethanol 
(0.8 g/kg) 72 0.40; _+ 0.05 0.27 ± 0.02 

*p<0.10, two-tailed t-test. 
-i7<0.02, two-tailed t-test. 

acute doses of  e thanol  ( f rom 0.5 g/kg) did reduce start le 
ampl i tude  [14] .  Because ne i ther  drug changed the rate of  
licking or the initial d is t ract ion to the tone,  in this s i tuat ion 
at least,  the more  rapid hab i tua t ion  was no t  secondary  to 
changes in response  level. The unchanged initial d is t ract ion 
also makes it unlikely that  the drugs were changing e i ther  
sensory th resholds  or s t imulus salience. It is there fore  
p roposed  that  reduced anxie ty  leads to more  rapid habi tua-  
t ion primarily because stimuli are more  readily classified as 
irrelevant.  

In the case of CDP the more  rapid hab i tua t ion  was 
accompan ied  by a loss in the specif ici ty wi th  which the 
physical  parameters  were coded.  Iwasaki et  al. [8] have 
repor ted  that  CDP impairs the ability to integrate  st imulus 
cues when these are presented  sequential ly.  This deficit  
may account  for one of  the ef fec ts  of  CDP in the 
holeboard .  When objects  were placed under  the holes CDP 
impaired the be tween-day  habi tua t ion  [ 4 ] ,  perhaps  because 
of  a defici t  in integrat ing the very complex  set of stimuli 
f rom day to day. Certainly there was no indicat ion of  e i ther  
CDP or e thanol  p roduc ing  more  rapid hab i tua t ion  of  
explora t ion.  This is fur ther  evidence that  hab i tua t ion  of  
explora t ion  and habi tua t ion  of dis t ract ion have d i f ferent  

mechan i sms  [18 ] ,  but  would also suppor t  the suggestion 
that  the critical d i f ference  be tween  the two s i tuat ions  
might  lie in the st imulus analysis involved and not  in the 
d i f ferent  responses  [ 3 ]. 

There was no evidence f rom Exper imen t  2 that  sensitiza- 
t ion,  ref lected in d ishabi tua t ion ,  was af fec ted  by e i ther  
e thanol  or by CDP and so the more  rapid habi tua t ion  
cannot  be a t t r ibu ted  to a reduc t ion  in sensi t izat ion (a 
process that  leads to an increase in responding  wi th  
st imulus repet i t ion) .  These two drugs are the only ones that  
have been found to improve hab i tua t ion  in this test  
s i tuation.  But in a very similar test ,  h ippocampal  lesions 
t ransect ing the fimbria,  but sparing the cingulum, resulted 
in more  rapid habi tua t ion  [11] .  It is ex t remely  interest ing 
that  rats injected wi th  e thanol  were no t  only able to 
habi tuate  more  rapidly, but were able to code the physical  
parameters  of  the s t imulus at least as accurately as 
undrugged rats. These results are probably  restr icted to 
relatively low doses of  e thanol .  Low doses of  e thanol  
produce  EEG activation [17] ,  in cont ras t  to signs of 
drowsiness  at higher doses, and certainly the doses used in 
this expe r imen t  were too low to produce  decreased moto r  
activity [ 5 ]. 
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