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VITIELLO, M. V. AND S. C. WOODS. Evidence for withdrawal from caffeine by rats. PHARMAC. BIOCHEM. BEHAV. 
6(5) 553 555, 1977. - Injections of caffeine produced avoidance of a novel flavor. Rats which had previously received 
injections of caffeine on each of twelve days avoided a novel solution which had been associated with the absence of 
caffeine. This and other controls suggest that physiological withdrawal from caffeine is the mechanism for this avoidance. 

Caffeine Physiological withdrawal Avoidance 

C A F F E I N E  is a p o t e n t  cen t ra l  ne rvous  sys tem s t imu lan t  
c o n s u m e d  wor ldwide  in at  least  m o d e r a t e  a m o u n t s  on  a 
daily basis [2, 18, 20 ] .  A l though  a wea l th  of anecdo ta l  
evidence suggests t ha t  m a n y  h u m a n s  have at least  a 
psychologica l  d e p e n d e n c e  on caffe ine ,  there  has  been  l i t t le  
e x p e r i m e t a t i o n  on  the  issue. F u r t h e r ,  m a n y  c o m m e r c i a l  
p r epa ra t i ons  of caffe ine ,  par t icu la r ly  those  p r o d u c e d  for  its 
mild ana lep t ic  effect ,  specifically s ta te  t ha t  caffe ine  is n o t  
hab i t - fo rming .  C o n t r a r y  to these claims,  one  recen t  s tudy  
[22]  suggests t h a t  p ro longed  exposure  to caffe ine  resul ts  in 
a p re fe rence  for the  drug by  rats.  This  f inding suppor t s  a 
var ie ty  of  suggestive evidence  [3,  4, 7, 8, 9, 10, 12, 14] for  
the  d e v e l o p m e n t  of  d e p e n d e n c e  on caffeine.  

The ques t ion  of a d e p e n d e n c e  on  caffe ine becomes  more  
i m p o r t a n t  in l ight of  the recen t  ev idence  l inking the  
c o n s u m p t i o n  of coffee wi th  the  inc idence  of  myoca rd i a l  
in fa rc t ion  [ 1, 5, 11, 13, 17, 21 ] .  One  r epo r t  has  con t e s t ed  
these f indings  [6] and n o n e  of  the  s tudies  are conclusive.  
The p resen t  e x p e r i m e n t  d e m o n s t r a t e s  t ha t  physiological  
wi thdrawal  f rom caffeine occurs  fo l lowing its removal .  Rats  
were able to associate a novel  f lavor  wi th  the  absence  of  
caffe ine and  subse quen t l y  avoided t ha t  flavor.  This  tech-  
n ique  has  also been  used to d e m o n s t r a t e  w i thd rawa l  f rom 
m o r p h i n e  by add ic ted  rats  [ 1 5 , 1 6 ] .  

METHOD 

The animals  were 96 naive male  Sprague-Dawley rats, 
a p p r o x i m a t e l y  120 days old and  wi th  an average init ial  
weight  of  326 g. They  were h o u s e d  in indiv idual  stainless 
steel cages and  received ad lib food  t h r o u g h o u t  the  experi-  
men t .  They  were r a n d o m l y  divided in to  16 groups  of  6 
animals  each. Each group u n d e r w e n t  the same basic 
p rocedure .  All rats  received on ly  30-min  access to  wate r  a 
day for  12 days. During this  pe r iod  rats  in 8 of  the  g roups  

received in jec t ions  of physiological  saline at  the  end  of  the i r  
d r ink ing  b o u t ,  and  the  o the r  8 groups  received in jec t ions  of  
caffe ine (caffe ine  and  sod ium benzoa t e ,  U.S.P., Parke and 
Davis) at one  of  the  fo l lowing doses: 0.5, 1.0, 2.0 or 4 .0  
mg/ ra t ,  fo l lowing the i r  d r ink ing  bou t .  All in jec t ions  of 
caffe ine were at a c o n c e n t r a t i o n  of  4 mg/ml .  Two saline- 
in jec ted  groups  received each of the  four  possible vo lumes  
in the i r  in ject ions .  On the  13 th  day,  rats  in all g roups  
received a 0.1% aqueous  so lu t ion  of sod ium sacchar in  in 
place of  wate r  dur ing the  usual 30-min  dr ink ing  session. 
Immed ia t e ly  af te r  c o n s u m i n g  the  sacchar in ,  4 of the  groups  
which  had  previously  received saline in jec t ions  were again 
in jec ted  wi th  saline (groups S-S). The o t h e r  4 groups  which  
had  previously received saline were in jec ted  wi th  caffe ine at 
one  of the  4 doses previously  used 0.5,  1.0, 2.0 or 4 .0  
mg / ra t  (Groups  S-C). Likewise,  4 of the  groups  which  had  
received caffe ine  on  Days 1 - 1 2  were in jec ted  wi th  saline 
on  Day 13 (Groups  C-S) and 4 were in jec ted  wi th  caffe ine 
at the  same doses they normal ly  received (Groups  C-C). 

On the  fo l lowing day, rats  in all g roups  were given a 
2-bot t le  p re fe rence  test  b e t w e e n  0.1% sacchar in  and water .  
The  pos i t ion  of the dr inking  tube  on the  f ron t  of  the  cage 
of each rat  had  been  r a n d o m l y  d e t e r m i n e d  each day dur ing  
the  e x p e r i m e n t  so tha t  each rat  was accus tomed  to dr ink ing  
f rom e i the r  of two pos i t ions  ( r ight  or lef t )  on the  f ron t  of  
its cage. On Day 14, the 2 bo t t l e s  were placed in these 2 
pos i t ions .  Fu r the r ,  the  th i rs ty  rat  was forced to sample each 
tube  for  at least  10 sec on  this  day by having  the o the r  tube  
briefly removed .  

RESULTS AND DISCUSSION 

Since to ta l  fluid c o n s u m p t i o n  on  the  test  day wi th in  
each level of  caffe ine c o n c e n t r a t i o n  did no t  differ  signifi- 
cant ly  among  groups,  c o n s u m p t i o n  data  were analyzed by 

This research was supported by a grant from the Alcoholism and Drug Abuse Institute of the University of Washington. We thank R. C. 
Bolles for his suggestions. 

2 Reprint requests should be sent to M. V. Vitiello, Department of Psychology, NI-25, University of Washington, Seattle, WA 98195. 

553 



554 VITIELLO AND WOODS 

T A B L E  1 

MEAN ABSOLUTE CONSUMPTION IN ML OF SACCHARIN, WATER AND TOTAL FLUID INTAKE AS 
A FUNCTION OF GROUP AND CAFFEINE WHERE ADMINISTERED 

0.5 1.0 2.0 4.0 

Sacc. 20.8 ± 0.87 23.0 ± 1.57 25.0 _+ 1.37 20.7 ± 2.42 
S to S Water 1.8 + 0.40 5.2 ± 1.14 5.0 _+ 1.24 4.8 _+ 1.28 

Total 22.7 + 1.05 28.2 ± 1.74 30.0 _+ 1.21 25.5 + 1.67 

Sacc. 18.0 _+ 1.37 15.7 _+ 2.54 21.5 ± 1.77 20.3 _+ 0.84 
C to C Water 2.5 + 0.34 9.0 _+ 2.27 6.3 ± 2.09 7.5 + 0.88 

Total 20.5 ± 1.18 24.7 + 0.99 27.8 _+ 2.09 27.8 _+ 0.48 

Sacc. 16.0 _+ 2.06 9.7 _+ 2.96 5.5 ± 1.50 6.5 _+ 2.04 
S to C Water 5.0 ± 1.39 16.2 _+ 2.94 22.5 _+ 1.20 19.0 ± 1.91 

Total 21.0 ± 1.06 25.8 ± 1.70 28.0 _+ 1.15 25.5 _+ 1.67 

Sacc. 17.3 ± 1.71 11.3 ± 3.08 9.7 ± 1.87 10.2 ± 1.28 
C to S Water 2.7 +_ 0.92 16.8 _+ 2.66 18.8 ± 1.47 14.2 ± 1.68 

Total 20.0 _+ 1.06 28.2 + 1.40 28.5 ± 1.12 24.3 ± 1.02 
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FIG. 1. Mean percent saccharin consumed on Day 14 as a function 
of group and caffeine concentration where administered. Percent 
saccharin was calculated as saccharin/(saccharin plus water). Rats in 
the S ~ S groups differed only in the volume of saline injected 

(0.13-1.0 ml/rat). 

de t e rmina t ion  of the percen t  of the tota l  liquid intake 
consumed  as saccharin on the 2-bott le  test  (see Fig. 1 and 
Table 1). Data were analyzed via a 4 x 2 x 2 factor  analysis 
of  variance. The t r ea tmen t  of caffeine vs. saline on Day 13 
and the dose-response effect  were bo th  significant 
(p< 0.01). The in te rac t ion  be tween  rats receiving caffeine or 
saline on Days 1 12 versus rats receiving caffeine or saline 
on Day 13 was also significant (p<0 .01) .  Paired compari-  
sons be tween  the S -> S and S -+ C groups revealed 
significant d i f ferences  at the 1.0, 2.0 and 4.0 mg/ra t  doses 
(p<0 .05  for each compar ison) .  Groups  (7-+ C and C--+ S 
differed significantly at the 2 higher concen t ra t ions  
(p<0 .05  for  each compar ison) .  

For  bo th  the S-S and C-C groups,  no aversion developed 
to saccharin as evinced by their  relatively flat curves in 
Fig. I. This was certainly expec ted  of tile S-S group,  as this 
is the normal  cont ro l  used in exper iments  on taste 

aversions. The lack of an aversion by the C-C group 
presumably  reflects the fact that  there was no change of  the 
drug they received th roughou t  the exper iment .  They 
received caffeine inject ions following their  drinking bouts  
regardless of  whe the r  the bot t les  con ta ined  water  or 
saccharin,  and the caffeine could not  be considered to be a 
novel s t imulus by the 13th injection.  The S-C groups had a 
dose -dependen t  cond i t ioned  taste ave r s ion ;h ighe r  doses of  
caffeine adminis tered in con junc t ion  with saccharin led to 
significant aversions and subsequent  avoidance of saccharin 
whereas the smallest dose had no reliable effect .  This 
indicates  that  caffeine is an effective toxin for the 
fo rma t ion  of  taste aversions when rats have never pre- 
viously exper ienced  the drug. This f inding is consis tent  with 
previous repor ts  of h u m a n  behavior [4 ,9 ] .  Rats in the C-S 
groups also developed significant aversions to saccharin 
when they had been accus tomed  to receiving the higher 
doses of  caffeine.  The implicat ion is that  the absence of  
caffeine in a s i tuat ion where it had customari ly  occurred 
was aversive to the rats. 

Previous research has shown that  the associat ion of  a 
novel flavor with the wi thdrawal  from morph ine  results in 
the subsequen t  avoidance of that  flavor [15 ,16] .  In the 
present  expe r imen t ,  rats given an inject ion of caffeine after 
consuming  water  in a daily drinking session received an 
inject ion that  did no t  contain  caffeine after consuming a 
novel flavor. They subsequent ly  avoided the novel flavor, 
saccharin,  if they had been accus tomed to larger daily 
inject ions of  caffeine.  The implicat ion is that  the absence of  
caffeine was suff icient ly aversive to the rats that  they 
exper ienced  withdrawal .  While wi thdrawal  signs are of ten  
opposi te  in nature from the effects  of a given drug, this is 
the case when the parameter  measured is a primary 
response to the drug (e.g., heart  rate change following 
caffeine or analgesia following morphine) .  In the present  
s tudy,  a secondary  response to the drug ( consumpt ion  of  a 
flavor) is the dependen t  variable and can be considered as 
one index of  d i scomfor t  or unpleasantness .  Therefore ,  
a l though caffeine by itself causes avoidance of a novel 
flavor, absence of  caffeine in a si tuation where it normally  
occurs would be expec ted  to cause the same response only 
if it is associated with aversive or unpleasant  sensations.  
This seems to be the case with the rats in this s tudy.  This is 
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in ag reemen t  wi th  suggestive r epo r t s  of  h u m a n  behav io r  [3, 
4, 7, 9 ] .  In l ight  of  these  results,  pe rhaps  a more  realist ic 

a t t i t ude  toward  ca f fe ine -con ta in ing  c o m p o u n d s  should  be 
taken .  
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