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SCHREIBER, H., R. BELL, L. CONELY, M. KUFNER, J. PALET AND L. WRIGHT. Diminished reaction to a novel 
stimulus during amphetamine withdrawal in rats. Pharmac. Biochem. Behav. 5(6) 687-690,  1976. - This experiment 
determined whether reaction to a novel stimulus was diminished in a dose-dependent fashion following 8 consecutive days 
of d-amphetamine administration. Thirty-two male rats were injected with saline, 0.5, 2.5, or 5.0 mg/kg of d-amphetamine 
(each N = 8). On the ninth day, all animals received saline injections and were tested (a) in the presence of a novel stimulus, 
or (b) in the absence of a novel stimulus. Reaction to the novel stimulus varied inversely with the dose of d-amphetamine 
which had been received during the drug administration period. This reduction in reaction to the novel stimulus did not 
seem to depend on (a) the level of amphetamine-induced stereotypy at the end of the drug administration period (b) 
general reduction of activity, or (c) interference by drug-conditioned responses. 
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S E V E R A L  studies  have s h o w n  tha t ,  when  rats  are in jec ted  
wi th  relat ively h igh doses of  a m p h e t a m i n e ,  they  show 
de.creased a t t e n t i o n  to s t imul i  in the  e n v i r o n m e n t  - a 
defici t  which  occurs  i n d e p e n d e n t l y  of the  s t imu la t i on  of  
o the r  behaviors  [1, 3, 6, 10] .  Conceivably ,  responsiveness  
to ex te rna l  s t imul i  might  be r educed  by a process  which  
persists in to  drug wi thdrawal .  Thus,  the  p resen t  s tudy  
de t e rmined  (a) w h e t h e r  r educed  reac t ions  to  novel  s t imul i  
w o u l d  b e  e x h i b i t e d  dur ing  wi thdrawal  f rom d- 
a m p h e t a m i n e ,  and  (b)  w h e t h e r  this  d imin i shed  reac t ion  to 
nove l ty  d e p e n d e d  upon  any  of  th ree  o t h e r  possible explana-  
t ions ,  the  level of a m p h e t a m i n e - i n d u c e d  s t e r e o t y p y  exhib-  
i ted before  withdra.wal of  the  drug, general  l e thargy ,  or 
i n t e r f e rence  f rom d rug -cond i t i oned  responses.  

METHOD 

Animals 

Thi r ty - two  male Sprague-Dawley rats  were indiv idual ly  
housed  in s t andard  l a b o r a t o r y  cages (18 cm wide x 25 cm 
long x 17.5 cm high)  in a windowless  co lony  room wi th  
con t ro l l ed  t empe ra tu r e .  Because of  space and  use considera-  
t ions  in this  co lony  room,  c o n t i n u o u s  l ight ing was main-  
ta ined.  Pur ina  rat  chow and water  were c o n t i n u o u s l y  
available. 

A ppara tus 

The animals  were tes ted  in s t andard  LeHigh Valley 

i A preliminary report of this data was presented to the Southwestern 
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ope ran t  chamber s  wi th  Plexiglas walls and  grid f loor  (20  cm 
wide x 23 cm long x 19.5 cm high).  Ope ran t  chambers ,  
which  were n o n f u n c t i o n a l  at the  t ime of  test ing,  were 
housed  in 4 similar,  separa te  tes t ing  rooms.  

Procedure 

The rack of  cages con ta in ing  the  rats  was wheeled  in to  a 
staging area adjoining the  tes t ing  rooms  15 min  before  
in jec t ions  began. Animals  received 0.0, 0.5, 2.5, or 5.0 
mg/kg  of  d - a m p h e t a m i n e  sulfate  ca lcula ted as the  weight  of  
the salt, 30 ± 5 min  before  tes t ing  began (N of  each 
t r e a t m e n t  group = 8). C o m p a r a b l e  vo lumes  of  saline vehicle 
were in jec ted  SC in all animals.  F o u r  observers  n o t e d  and  
agreed u p o n  several behaviors  at a p re tes t  session dur ing  
which  all animals  were in jec ted  and  each tes ted  for  6 min  in 
the  tes t  chambers .  Fo l lowing  an 8 day interval ,  the  
in jec t ion  per iod  (1 daily in jec t ion  for  8 consecut ive  days)  
began. The  animals  were given the  same dose of  d- 
a m p h e t a m i n e  which  they  had  received in the  p re tes t  
session. The  4 observers  checked  one  of the  several 
behaviors  on  a checkl is t  at  5 sec intervals  dur ing the  2 min  
testing. Each of  the  observers  saw the  same 2 animals  per  
t r e a t m e n t  group daily. The order  of  in jec t ion  was ran- 
domized  daily per  observer .  A s t e r eo typy  score was fo rmed  
by summing  the  n u m b e r  of  5 sec intervals  when  (a) 
repet i t ive  snif f ing wi th  the  nose  t h r u s t  t h r o u g h  the  grid, (b)  
repet i t ive  l icking and  bi t ing  of  the  grid, or (c) repet i t ive  
b o b b i n g  head  m o v e m e n t  was exh ib i t ed .  A l o c o m o t o r  
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activi ty score was fo rmed  by summing  the n u m b e r  of  5 sec 
intervals  when  (a) rearing, (b)  general  body  m o v e m e n t ,  or 
(c) a m b u l a t i o n  was exh ib i ted .  Othe r  behaviors  (grooming,  
defecat ions ,  passive and o ther )  fo rmed  separate  categories  
of response.  All animals  received saline on wi thdrawal  day 
( the day fol lowing the in jec t ion  period).  Sixteen animals  (4 
f rom each t r e a t m e n t  group,  1 per  observer)  were tes ted  as 
before.  Sixteen animals  (4 f rom each t r e a t m e n t  group,  1 
per  observer)  were tes ted with a rat-sized, felt doll in the 
chamber .  A reac t ion  to novel  s t imulus  score was fo rmed  by 
summing  the n u m b e r  of  5 sec intervals  in which  the  rat  
touched ,  tugged or bit  the felt  doll or o r ien ted  its head 
toward  the doll wi th  its nose wi th in  app rox ima te ly  10 cm 
of it. The animals  were weighed 1 day before  the pre tes t  
session, 1 day before  the  in jec t ion  per iod and  on the 
seventh  day of  the  in jec t ion  per iod;  in ject ions  were revised 
accordingly.  

Statistical analysis. All s tat is t ical  analyses were per- 
fo rmed  according  to Kirk [51. The reac t ion  to novel  
s t imulus  scores were analyzed with a comple te ly  ran- 
domized  analysis of variance design. The s t e reo typy  scores 
and the  l o c o m o t o r  act ivi ty scores were t r ans fo rmed  wi th  a 
square root  t r a n s f o r m a t i o n  (x /  X + 1) in order  to meet  the  
ho mogene i t y  of variance a s sumpt ion  of analyses of vari- 
ance. S t e r eo typy  and l o c o m o t o r  act ivi ty scores were 
i n d e p e n d e n t l y  ana lyzed  with spli t-plot  factor ia l  (4 × 8) 
analyses of  variance for the in jec t ion  per iod (A=dose;  
B=day of in jec t ion  period) .  S t e reo typy  and l o c o m o t o r  
activity scores for wi thdrawal  day were i n d e p e n d e n t l y  
analyzed wi th  comple t e ly  r a n d o m i z e d  factor ia l  (4 x 2) 
analyses of variance (A=dose received during in jec t ion  
per iod;  B=presence of  doll). Except  as o therwise  no ted ,  
compar i sons  be tween  means  were pe r fo rmed  wi th  Tukey ' s  
test. Except  as o therwise  no ted ,  the  signif icance level for  all 
results  r epor t ed  here  was set a p < 0.05. 

RESULTS 

In/ection period. The animals  receiving saline showed a 
low level of s t e reo typy  and  a high level of  l o c o m o t o r  
activity relative to the o the r  groups.  The elevated level of  
l o c o m o t o r  act ivi ty shown by the saline group may have 
been due to the  brevi ty  of the  test  period.  A l though  the 
animals  receiving saline showed a s ignif icant  days of  
in ject ion effect  in l o c o m o t o r  act ivi ty ,  F ( 7 , 1 9 6 ) =  2 .2149,  
this l o c o m o t o r  act ivi ty pa t t e r n  osci lated over days of  
inject ion.  As may be observed in Fig. 1, there  was no  
significant  increase or decrease in l o c o m o t i o n  f rom Day 1 
to Day 8. Nei ther  the  s t e reo typy ,  q (4 ,28)  = 2 .9958,  nor  the 
l o c o m o t o r  act ivi ty,  q (4 ,28)  -- 2 .1284,  of the  0.5 group was 
s ignif icant ly greater  than  tha t  of  the  saline animals.  The 
animals  receiving 2.5 mg/kg of d - a m p h e t a m i n e  showed 
increasing s t e r eo typy  over days of in ject ion,  F (7 ,196)  = 
8 .2323,  p <  0.01. Whereas the animals  receiving 2.5 mg/kg  
of d - a m p h e t a m i n e  did no t  s ignif icant ly  differ  in s t e reo typy  
from the saline animals  of Day 1, they did differ  signifi- 
cant ly  f rom them by Day 8, q ( 4 , 2 2 4 ) =  11.2843.  Along 
with the  increasing s te reo typy ,  animals  receiving 2.5 mg/kg 
d -amphe t amine  showed decreasing l o c o m o t o r  act ivi ty over 
days of  in ject ion,  F (7 ,196)  = 12.4881,  p < 0 . 0 1 .  Whereas the 
2.5 group showed essentially the  same a m o u n t  of loco- 
m o t o r  activity as the  saline group on  Day 1, they  showed  
signif icantly less l o c o m o t o r  act ivi ty by Day 8, q (4 ,224)  = 
8.4063.  The animals  receiving 5.0 mg/kg  of  d - a m p h e t a m i n e  
showed vir tually the  m a x i m u m  a m o u n t  of s t e reo typy  and 

virtually no l o c o m o t o r  activity.  The 5.0 mg/kg of d- 
a m p h e t a m i n e  animals  showed  signif icant ly  more  stereo- 
typy,  q (4 ,28)  ; 14 .9495,  p < 0 . 0 1  and s ignif icant ly  less 
l o c o m o t o r  act ivi ty,  q (4 ,28)  = 10.15, p < 0 . 0 1 ,  than  the  
saline animals  t h r o u g h o u t  the  in jec t ion  period.  These 
results,  as s h o w n  in Fig. 1, p roduced  a s ignif icant  dose by 
days of in jec t ion  in te rac t ion  for  s t e r eo typy ,  F (21 ,196 )  = 
3.144,  p < 0 . 0 1 ,  and for l o c o m o t o r  act ivi ty ,  F ( 2 1 , 1 9 6 ) =  
3.699,  p < 0 . 0 1 .  
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FIG. l. Stereotypy and Locomotor Activity scores of animals 
receiving 0.0, 0.5, 2.5 and 5.0 mg/kg d-amphetamine during the 

injection period (all Ns = 8). 

Withdrawal day. The results  for  wi thdrawal  day, 
including reac t ion  to novel  s t imulus,  l o c o m o t o r  act ivi ty and 
s t e reo typy  are presented  in Table 1. 

There  was an inverse re la t ionship  be tween  the dose of 
d - a m p h e t a m i n e  which had been received during the  injec- 
t ion  per iod and  the  reac t ion  to the felt doll on wi thdrawal  
day when  all animals  received saline, F (3 ,12)  = 3 .5964.  The 
group which had received 5.0 mg/kg of d - amphe t amine  
showed signif icant ly  less react ion to the  felt doll than the 
saline group,  t (6)  = 2 .8997.  The group which  had received 
2.5 mg/kg  of d - a m p h e t a m i n e  failed to show signif icant ly  
less reac t ion  to the felt doll t han  the saline group,  t (6)  = 
1.9718, 0 . 0 5 < p < 0 . 1 0 .  t towever ,  a test  for l inear i ty  of 
t rend showed  tha t  there  was a t rend  a m o n g  the dose levels 
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TABLE 1 

RESPONSES ON WITHDRAWAL DAY 

Behavior Dose History Groups 
0.0 0.5 2.5 5.0 

X (SD) X (SD) X (SD) X (SD) 

Reaction to Novel Stimulus 

Locomotor Activity 
With doll present 
With doll absent 

Stereotypy 
With doll present 
With doll absent 

9.25(3.11) 8.25(3.89) 5.00(0.50)  3.00(1.41)* 

3.05(0.76) 3.27(1.33) 3 .46(0.64)  3.62(0.46) 
3.73(1.85) 3.53(1.04) 4 .54(0.45)  3.57(1.02) 

1.93(1.42) 1.57(0.62) 2.81(0.89)  2.26(0.45) 
1.39(0.30) 3.04(1.52) 1.49(0.60) 3.26(1.22)* 

*p <0.05. 

which was significantly linear, F(1,12) = 10.426, p<0.01. 
No test for nonlinear trends was significant. 

Stereotypy scores on withdrawal day showed a signifi- 
cant dose effect only when the felt doll was absent, F(3,24) 
= 4.1353. The animals with a dose history of 5.0 mg/kg of 
d-amphetamine showed significantly more stereotypy than 
did the subjects which received saline, t(24) = 3.9218, 
p<0.01. However, neither the dose of d-amphetamine 
received during the injection period nor the presence of the 
felt doll had a significant effect on locomotor activity on 
withdrawal day. 

Other behaviors observed on withdrawal day (grooming, 
defecation, passive and other) were so infrequent and so 
dispersed among the treatment groups that no statistical 
analysis was undertaken. 

DISCUSSION 

The present results indicated that amphetamine- 
produced reductions in reaction to novelty were manifested 
during drug withdrawal. The animals which had received 
5.0 mg/kg showed reduced reaction to novelty in compari- 
son with the saline ones. Kirkby, Bell, and Preston [6] 
showed that, along with an increase in stereotypy, loco- 
motion and startle response, 5.0 mg/kg of meth- 
amphetamine produced decrements in the orienting re- 
sponse and inhibited habituation of the startle response in 
rats. The decrement in the orienting response occurred at 
5.0 mg/kg of methamphetamine, but not at 0.5 mg/kg of 
methamphetamine. Based on their study and others these 
authors suggested that this drug-produced deficit in the 
orienting response occurs at doses which elicit stereotypy, 
but not at lower doses, indicating the involvement of some 
process involving stereotypy, However, the present results 
suggested that the reduction in reaction to the novel 
stimulus during the withdrawal period was a general 
consequence of d-amphetamine administration, rather than 
being tied to the level of stereotypy exhibited at the end of 
the injection period. Animals receiving 0.5 mg/kg of 
d-amphetamine showed little stereotypy and a relatively 
high level of locomotor  activity compared to the other 
d-araphetamine groups during the injection period. Animals 
receiving 2.5 mg/kg of d-amphetamine showed relatively 
little stereotypy at first, but, as the injection period 
progressed, stereotypy was increasingly exhibited while 
loccmotor  activity was progressively reduced. In fact, by 

Day 4 of the injection period, the 2.5 mg/kg group was 
exhibiting a reciprocal pattern of stereotypy and locomotor 
activity equivalent to that of the 5.0 mg/kg group, which 
showed virtually the maximum amount of stereotypy and 
the minimum amount of locomotor  activity possible. If the 
reduction in reaction to novelty was tied to the level of 
stereotypy exhibited at the end of the injection period as 
suggested by Kirkby, Bell and Preston, then the 2.5 mg/kg 
group should have shown a reduction in reaction to novelty 
comparable to that shown by the 5.0 mg/kg group. 
However, the reduction in reaction to novelty in the 2.5 
mg/kg group failed to reach the level of reduction shown by 
the 5.0 mg/kg group. Moreover, the reduction in reaction to 
novelty varied linearly with the amount of d-amphetamine 
which had been administered. Randrup, Munkvad, Fog and 
Ayhan [9] have suggested that stereotypy per se does not 
cause the functional impairment reflected in reduced 
exploration. Rather stereotypy and functional impairment 
may be features of the same underlying process. There were 
two other potential explanations for the reduction in 
reaction to novelty at amphetamine withdrawal shown in 
the present study. First, general lethargy could conceivable 
have reduced reaction to the novel stimulus. For example, 
withdrawal of dl-amphetamine (3 mg/kg) following pro- 
longed administration in rats produced an inhibition of 
locomotor activity and decreased noradrenaline and 
5-hydroxytryptamine levels in the cerebellum [7]. Al- 
though lethargy and depression are among the commonly 
reported aftereffects of chronic amphetamine administra- 
tion in man, the aftereffects of chronic amphetamine 
administration in animals are reported to be relatively mild 
[4]. Moreover, reducing the reaction to the novel stimulus 
seemed to be a specific effect of d-amphetamine administra- 
tion, not a consequence of lethargy, depression or some 
other general, activity-reducing aftereffect of chronic d- 
amphetamine administration, because withdrawal from 
d-amphetamine produced no observable effects on loco- 
motor activity or on the other behaviors (grooming, 
defecations, passive and other). Second, drug-conditioned 
responses (in the present case, drug-conditioned stereotypy) 
conceivably could reduce responsiveness to a novel stimulus 
through response competition and interference. It seems 
well-established that the repeated pairing of drug-induced 
internal stimuli with the neutral stimuli surrounding injec- 
tion and testing may produce the conditioning of certain 
responses (e.g., locomotion and stereotypy) in some cir- 
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cumstances  of testing [2, 8, 12, 14]. Animals which had 
received 5.0 mg/kg of d -amphe tamine  seemed to show 
evidence of s t e reo typy  when injected with saline on 
withdrawal day and tested in the absence of  the felt doll. 
Thus, condi t ioned  s t e reo typy  may have in ter fered with the 
rats' investigation of  the felt doll to p roduce  the response 
decrement .  This explanat ion,  a l though feasible, was under-  
mined by two considerat ions.  First, the 2.5 mg/kg group, 
whose increase in s t e reo typy  during the injection period 
would have fit the drug-condi t ioned response pardigm more 
suitably than the 5.0 mg/kg group 's  pa t tern  of s te reo typy ,  
failed to show evidence of condi t ioned  s t e reo typy  when 
injected with saline. Second,  there was no evidence of 
increased s te reo typy  among those subjects  injected with 
saline on withdrawal day and tested with the felt doll 
present  in the operant  chamber .  Thus, the interference,  if it 
was present ,  occurred wi thout  an observable increase in 
s te reo typy  in the doll-present  condi t ion  of  testing. More- 
over, the repeti t ive sniffing and head-bobbing  which com- 
prised the s t e reo typy  score on withdrawal day may not  
have ref lected true s te reo typy .  One ident i fying characteris- 
tic used to operat ional ize s t e reo typy  has been the absence 
of forward locomot ion  [111. The rats which had received 
5.0 mg/kg of d -amphe tamine  showed no reduct ion  in 
l ocomoto r  activity on withdrawal  day. Since the reciproci ty  
of locomot ion  and s t e reo typy  which was seen during the 
injection period did not carry over into withdrawal day, 
s te reotypy,  as tradit ionally defined,  had not  been condi- 

t ioned. Nonetheless ,  the condi t ioning of repetit ive,  stereo- 
typy-like sniffing and head-bobbing,  if no t  true s te reo typy ,  
may conceivably have interfered with the rats'  react ion to 
the novel st imulus in the present  study. 

With the except ion  of the l ocomoto r  activity pa t tern  of 
the 0.5 group, the pat tern  of s t e reo typy  and locomot ion  
found among the dose groups during the inject ion period in 
the present  s tudy paralleled the pat tern  of s t e reo typy  and 
locomot ion  found  among the equivalent dose groups ot  
Segal and Mandell [13] for the cor responding  time after 
injection. These authors  showed that  the effects  of chronic 
d -amphetamine  adminis t ra t ion carried over into the with- 
drawal per iod to influence responsiveness to subsequent  
d -amphetamine  injections. Moreover, the results obta ined 
by Segal and Mandell suggested that  the progressive change 
in s te reo typy  and locomot ion  and the carry-over effects of  
chronic amphe tamine  adminis t ra t ion may have reflected a 
single process,  changes in ca techolamine  b iosynthet ic  capac- 
ity. Analogously,  the reduced reaction to a novel 
stimulus shown by subjects which had received d- 
amphe tamine  in the present  s tudy may have ref lected the 
same process. 
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