
Phvsio!ogy and Behavior, Vol. 10, pp. 73-78 ,  Brain Research Publications Inc., 1973. Printed in U.S.A. 

Learned Taste Aversions in Rats as a Function 
of Dosage, Concentration, and Route 

of Administration of LiC1 

M A R V I N  N A C H M A N  AND JOHN H. AStIE 

Department o f  Psychoh~gy, University o f  California, Ri~,ersMe. CahTornia 92502 

(Received 19 May 1972) 

NACHMAN, M. AND J. H. ASHE. Learned taste aversions in rats as a function of dosage, concentration, and route of 
administration of LiCI. PHYSIOL. BEHAV. 10(1) 73-78 ,  1973.-Rats drank a 15% sucrose solution for 10 min and were 
~llen injected intraperitoneally with various volumes of 0.15 M LiCI to produce a learned taste aversion to the sucrose. A 
dose response curve was obtained between the volume of 0.15 M LiCI injected and the degree of aversion. With additional 
groups, the LiC1 concentration was varied inversely with volume injected and it was found that the aversion was dependent 
on the absolute quantity of LiCI and not on the concentration or volume of solution. LiCI was also found to be equ:~lly 
effective in producing learned aversions whether administered intraperitoneally, subcutaneously, or by stomach tube. The 
dose-response curve indicated that a very strong aversion occurs at a dose of 3.0 mEq/kg and that the threshold dose for 
producing an aversion is approximately 0.15 mEq/kg. The threshold dose was discussed in relation to the amount normally 
given to human patients as a therapeutic dose. It was concluded that the rat is highly sensitive to learning a taste aversion 
with LiCI. 

Lilhium Learned aversions Dosage Illness Injection route 

A V A R I E T Y  of toxic  subs tances  and  aversive t r e a tmen t s ,  
such as arsenic [ 28 ], a p o m o r p h i n e  [ 9 ] ,  c y c l o p h o s p h a m i d e  
[ 1 0 ] ,  and rad ia t ion  [33] have been  used to p roduce  
learned tas te  aversions in rats. More recen t ly ,  an  increasing 
n u m b e r  of  s tudies  have used l i th ium chlor ide  (LiCI) which  
has several advantages  such as ease of  admin i s t r a t ion ,  
availabil i ty,  safety,  and  a sickness onse t  wh ich  is rapid bu t  
not  long lasting. In add i t ion ,  it has b e c o m e  appa ren t  tha t  
LiCI is one  of  the  mos t  effect ive subs tances  for  p roduc ing  
learned tas te  avers ions in a single tr ial  [ 1 I, 21, 25 ] .  

The  first expe r imen t s  ut i l iz ing LiC1 to  p roduce  learned 
taste aversions used a c o n c e n t r a t i o n  of  0 .12 M LiC1 [18,  
l q ] .  These  expe r imen t s  had been  conce rned  wi th  com- 
par isons  of  oral  in t ake  of  NaC1 and  LiC1 so lu t ions  and  it 
was the re fo re  necessary to  use c o n c e n t r a t i o n s  which  are 
acceptable  oral ly  to  the  rat.  Since 0 .12 M NaC1 is near  the  
peak of the  NaC1 p r e f e r e n c e -  aversion curve, th is  
c o n c e n t r a t i o n  of  NaC1 and  the  same c o n c e n t r a t i o n  of  LiCI 
were used as tes t  solut ions.  Several o t h e r  invest igators  have 
also used the  c o n c e n t r a t i o n  o f  0 .12 M LiC1 [5, 12, 32]  
a l though,  to  our  knowledge ,  the re  is no advantage  to  such a 
c o n c e n t r a t i o n  w h e n  the  LiC1 is given o t h e r  t h a n  by  oral 
intake.  Fo r  in ject ions ,  we have used a 0.15 M LiC1 so lu t ion  
because it is a p p r o x i m a t e l y  i so tonic  wi th  serum NaCI 
c o n c e n t r a t i o n  and,  in con t ras t  to  h y p e r t o n i c  so lu t ions ,  it 
does  not  p roduce  pain w h e n  injected.  However ,  h y p e r t o n i c  
c o n c e n t r a t i o n s  of  0 .3M [ 17] and  0.4M [ 15 ] LiC1 have also 
been used and,  in add i t ion ,  LiC1 has  been  used in 0.1 M 
c o n c e n t r a t i o n  [35]  and has been  added  to  diets  [7,  27 ] .  

The  choice  of  various c o n c e n t r a t i o n s  and  a m o u n t s  of  

LiC1 used by  di f ferent  invest igators  has o f t en  been  done  
arbi t rar i ly  and nonsys temat ica l ly .  Fo r  this  reason,  a para- 
met r ic  s tudy  was u n d e r t a k e n  to d e t e r m i n e  the  effects  of  
various c o n c e n t r a t i o n s  and  a m o u n t s  of  LiCI as well as to 
examine  the  effects  of  admin i s te r ing  the  LiCI by  d i f fe rent  
routes.  Pre l iminary  results  of  dose response  curves wi th  
LiC1 have been  p resen ted  verbally at meet ings  [8,  2 0 ] ,  and 
learned aversions have been  shown  to vary wi th  s t rength  of  
t r e a t m e n t  using rad ia t ion  [24,  33]  and  c y c l o p h o s p h a m i d e  
[ 6 , 3 8 1 .  

In E x p e r i m e n t  1, a dose response  curve was ob t a ined  
using various volumes  of  0.15 M LiCI and in addi t ion ,  the  
effects  of  h y p e r t o n i c  LiC1 c o n c e n t r a t i o n s  were s tudied.  
E x p e r i m e n t  2 invest igated the  effects  of  rou te  of admini-  
s t ra t ion  of  h y p e r t o n i c  LiCI. 

EXPERIMENT 1 

Method 

Animals. The animals  were 90, 60-day old Sprague- 
Dawley male  rats weighing 2 5 0 - 3 5 0  g. The  rats  were 
housed  in wire mesh  cages where  Purina Lab Chow was 
available ad lib. During the  course of  the  expe r imen t ,  the 
rats received no wate r  in the i r  home  cages and the i r  to ta l  
fluid in take  was res t r ic ted  to  daily 10-rain tests  which  were 
admin i s te red  in w o o d e n  test  boxes.  

Procedure. The p rocedure  and appara tus  for  p roduc ing  
learned avers ions have been  previously  descr ibed [21 ] .  
Briefly,  daily 10-min single bo t t l e  dr inking  tests  wi th  tap 
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water  or test  so lu t ion  were given in individual  dr inking 
boxes  30 x 17 x 17 cm which  had a gui l lot ine  door  tha t  was 
raised to start  the  dr inking  period.  Each day the rats were 
adap ted  to the  boxes  for  2--4 min  before  the  doors  were 
raised. The  a m o u n t  d runk  at the  end of  10 min  was 
recorded f rom 25 ml gradua ted  cyl inders  equipped  wi th  Group 
stainless steel spouts.  

The  rats  were wate r  depr ived for  one  day, and beginning  
the next  day were given 10 min of access to water  in the  
dr ink ing  boxes  for 4 successive days. On Day 5, the  l 
t r e a t m e n t  day,  15% sucrose (w/v)  was used as the dr inking  2 
test so lu t ion ;  the  rats  were t hen  r a n d o m l y  divided in to  15 3 
in jec t ion  t r e a t m e n t  groups,  wi th  an N of  6 each, as 4 
summar ized  in Table  1. G r o u p  I served as a non in j ec t i on  5 
con t ro l  and Groups  2 8 received 0.15 M LiC1 which  was 6 
admin is te red  in increasing volumes  to result  in a dosage 7 

8 
range of  0 3.0 mEq/kg .  G r o u p  9 served as an in jec t ion 9 
con t ro l  for  the  largest volume delivered and was injected 10 
with isotonic  NaC1. 11 

The remain ing  six groups  (Groups  10 12 and 13 15) 12 
were used to test  the  effect iveness  of  h y p e r t o n i c  LiCI 13 
so lu t ions  of 0 .24 M, 0 .40 M, and 0.65 M at two dosage 14 
levels of  LiC1. For  these  groups,  the  volume was varied 15 
inversely wi th  c o n c e n t r a t i o n  to  resul t  in cons t an t  a m o u n t s  
of LiC1. Fo r  Groups  1 0 - 1 2 ,  the  t o t a l  LiC1 dosage was 3.0 
m E q / k g  which  was the  a m o u n t  given to G r o u p  8 using 0.15 
M. Fo r  Groups  13-15, the  to ta l  LiC1 dosage was 1.8 m E q / k g  
which  was the  a m o u n t  given to  G r o u p  6 using 0.15 M. -~ 

All in jec t ions  were given in t raper i tonea l ly  wi th  so lu t ions  
which  had been  m a i n t a i n e d  at 37°C. The  in jec t ions  were 
given wi th in  2 5 min  af ter  the  end of  the  10-min dr ink ing  
test,  and the  rats were immedia t e ly  r e tu rned  to the i r  home  
cages. Food  was removed  for  one  hr  a f te r  in jec t ion  to z 
min imize  any  possible in ter fer ing  effects  of eat ing while the  
sickness developed.  

On Days 6 and 7, all an imals  were given wa te r  dur ing  
thei r  regular 10 min  dr ink ing  period.  These  two post-  
sickness days al lowed recovery f rom any  possible residual 
sickness effects  and also were used to  d e t e r m i n e  if there  o~ 
was any  general ized avoidance  to dr ink ing  wate r  in the  
dr inking  boxes.  On  Day 8, test  day,  15% sucrose was once  ,~ 
again given to all animals  and the  a m o u n t s  d r u n k  in 10 min  uJ 
were recorded.  The  sucrose so lu t ions  given on  Days 5 and 8 
were prepared  the  day pr ior  to  being used. Stat is t ical  
analyses of  the  data  were pe r fo rmed  using the  Kruskal-  
Wallis H-test  and the  Mann-Whi tney  U-test  [ 3 0 ] .  All U-test  
probabi l i t ies  are one-tai led.  

Resul ts  

Figure 1 presents  the  mean  sucrose in take  for  each group  
on the  test  day as a f u n c t i o n  of the  a m o u n t  of  0.15 M LiCI 
injected on  the t r e a t m e n t  day. As can be readily seen, there  
is a sys temat ic  effect  of dose wi th  a max imal  aversion 
appear ing  at the  s t rongest  dose of  3.0 mEq/kg .  The  con t ro l  
in jec t ion  of 3.0 m E q / k g  of  isotonic  NaCI was wi thou t  
effect  and this  g roup  did no t  differ  f rom the  con t ro l  group 
which  had not  received any in jec t ion  ( p>0 .2 ,  U-test) .  
Finally,  it is n o t e w o r t h y  tha t  even the  smallest  dose of 0.15 
m E q / k g  appeared  to p roduce  some aversion. This  g roup  
drank s ignif icant ly  less than  the  isotonic  NaC1 group 
( p < 0 . 0 5 ,  U-test)  a l t hough  the  d i f fe rence  be tween  it and the  
cont ro l  g roup  only  approached  signif icance (p< 0.1, U-test).  
At the  next  dose of  0.3 m E q / k g  the  rats clearly showed an 
aversion and d rank  less t han  con t ro l s  ( p < 0 . 0 0 1 ,  U-test) .  It 

TABLE l 

TREATMENT GROUPS IN EXPERIMENT l 

Dosage Volume Solution 
mEq/kg ml/kg 

0 0 - - -  

0.15 1.00 0.15 M LiCI 
0.3 2.00 0.15 M LiCI 
0.6 4.00 0.15 M LiCI 
1.2 8.00 0.15 M LiCI 
1.8 12.00 0.15 M LiCI 
2.4 16.00 0.15 M LiC1 
3.0 20.00 0.15 M LiCI 
3.0 20.00 0.15 M NaCI 
3.0 12.50 0.24 M LiCI 
3.0 7.50 0.40 M LiC1 
3.0 4.61 0.65 M LiCI 
1.8 7.50 0.24 M LiCI 
1.8 4.50 0.40 M LiC1 
1.8 2.77 0.65 M LiCI 
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FIG. 1. Mean sucrose intake (±1 S.E.M.) in the test for learned 
aversion as a function of the quantity of LiCI (mEq/kg) injected on 
the treatment day. The group receiving a control injection of NaCI is 

included for comparison. For all groups, N=6. 

is of  interest  to  note  tha t  these lower  two dose levels are 
app rox ima te ly  at the  dose range given to pa t ien t s  wi th  
manic  s y m p t o m s  as init ial  t he rapeu t i c  doses [ 13, 29 ]. 

While there  was a sys temat ic  re la t ionship  b e t w e e n  the  
a m o u n t  of LiCI injected and learned aversion,  there  was no  
effect  of  the  c o n c e n t r a t i o n  of  LiCI on  the  learned aversion 
when  the  a m o u n t  of  LiC1 was held cons t an t  and the  volume 
varied. Figure 2 con ta ins  the  mean  in take  for  Groups  8, 10, 
11, 12 and 6, 13, 14, 15; at b o t h  the  3.0 m E q / k g  and  the  
1.8 m E q / k g  dose levels, the  c o n c e n t r a t i o n  o f  the  LiCI 
so lu t ion  injected had no effect  on  the  degree of  aversion 
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FIG. 2. Mean sucrose intake (+-1 S.E.M.) in the test for learned 
aversion as a function of the concentration of LiCI solution injected. 
At both the 1.8 mEq/kg and 3.0 mEq/kg dosage levels, the volume 
injected was varied inversely with concentration to give a constant 
quantity of LiCI. The NaCI and no injection control groups are 

included for comparison. For all groups, N=6. 

(bo th  p ' s>0 .2 ,  H-tests). As expected ,  the total  amount  of  
LiCI injected did have an effect  and the  4 groups receiving 
the higher dose of  3.0 m E q / k g  drank significantly less than 
the 4 groups receiving the  lower dose of  1.8 mEq/kg  
(p<0 .01 ,  U-test). 

All differences be tween  groups on the sucrose test day 
were specific to that  day indicating that  the  differences in 
intake were ref lect ions o f  learned aversion to sucrose and 
were not  generalized to water  nor  were there  any residual 
effects of  sickness on drinking. Thus, there were no 
significant differences among the  15 groups in sucrose 
intake on the t rea tment  day, before  the  LiC1 injections,  
(p> 0.2, H-test) nor were there any significant differences in 
intake on the two  water  days intervening be tween  the 
t rea tment  day and test day (p ' s>0.2 ,  H-test). On the 
t rea tment  day, the mean sucrose intake for  all 90 rats was 
10.7 ml and on the two  pos t t rea tment  water  days the  mean 
intakes were 12.2 ml and 14.7 ml respectively. 

The dose response curve of  Fig. 1 shows that  the amount  
of  learned aversion is a func t ion  of  the  vo lume of  0.15 M 
LiCI injected. The results shown in Fig. 2 suggest that  it is 
the total  amount  of  LiC1 and not  the  specific volume or 
concent ra t ion  which is responsible for the aversion. How- 
ever, it is possible that the various hyper ton ic  LiC1 groups 
were equally effect ive in producing the learned aversion, 
not  because they  involved the same amount  o f  LiCI, but  
because the hyper ton ic i ty  may  have produced pain and 
gastrointestinal disturbances. When these inject ions are 

administered to the rat, it is clear that  the O. 15 M injection 
can be given wi thout  any sign of  rat d iscomfor t  and of ten 
with no indication whatsoever  that the rat feels the 
inject ion or  the fluid being injected even at the large volume 
inject ions of  20.0 ml/kg. In contrast ,  when hyper tcn ic  Li('l 
solutions are given IP. particularly at the higher con- 
centrations,  the rat reacts usually within a few sec after the 
inject ion by bodily movements  involving extens ion o f  the 
abdominal  wall. With a higher volume of hyper tonic  
solut ion such as 20.0 ml/kg,  there are obviously more 
pronounced responses indicating pain such as squeeling, 
biting, and gross bodily contort ions.  Thus, it is possible that 
the various hyper tonic  LiC1 solutions were equally cffective 
in producing aversions because of  the discomfor t ing aspects 
of the injections and not because they were equated in the 
amount  of LiC1 given to groups receiving 0.15 M I,iCl. 

E X P E R I M E N T  2 

Exper iment  2 was designed to fur ther  test the effects of  
hyper tonic  LiC1 in two ways: (a) by comparing the  effects 
of  three routes  of  administering the 0.65 M LiCI, intra- 
peri toneal ly,  subcutaneously,  and via s tomach tube;  and (b) 
by comparing the effectiveness o f  0.65 M LiCI with 0.65 M 
NaC1 solutions in producing learned aversions. Hyper tonic  
NaC1 solutions have been used in our  laboratory  as well as 
in others  to produce learned aversions [14, 25] .  S tomach 
tubing of  0.12 M LiCI has also been shown to be effective 
in producing learned aversions [20.31] while control  
s tomach tubing of  0.12 M NaC1 was wi thout  effect 120]. 

Method 

Animals. The animals were 36 male Sprague-Dawley rats, 
2 5 0 - 3 5 0  g, 70 days o f  age. Food and water  condi t ions  
were identical to those in Exper iment  1. 

Procedure. The test procedure  was the same as in 
Exper iment  1. For  the first 4 days, the rats were given 
10 min of  water  daily in the drinking boxes and on Day 5, 
the t rea tment  day, they  were given 10 rain of  15% sucrose. 
All t rea tments  were administered 2 - 5  min after the 10-min 
sucrose intake. The 36 rats were randomly assigned to 6 
t rea tment  groups with an N of 6 each, as summarized in 
Table 2. For  all t rea tments  the solutions were maintained at 
37°C. For  the s tomach loads, the rat 's mou th  was held 
open with a speculum and a No. 8 French rubber  catheter  
was passed down the esophagus into the stomach. For  the 
subcutaneous injections the site was the middle back 
region, dorsal to the rib cage. As can be seen in Table 2, 
Group 1 was not  injected,  Groups 4 - 6  were given 4.61 
ml/kg of  0.65 M LiC1 by different  routes, Group 2 was 
given 4.61 ml/kg of  0.65 M NaCI and Group 3 was given the 
larger dose of  20.0 ml/kg of  0.65 M NaCI. The larger dose 
of  hyper tonic  NaC1 was clearly more painful to the rat and 
was included because prel iminary work indicated it was 
effect ive in producing a learned aversion. 

On Days 6 and 7, all rats were given a 10-rain test with 
water  and on Day 8, the test day, the animals were once 
again given 10 min of 15% sucrose to test for aversion. 

Results 

The mean sucrose intake of  each group on the test day is 
presented in Fig. 3. All three LiC1 groups, whether  
administered the LiC1 subcutaneously,  intraperi toneally,  or 
by s tomach tube, showed a strong aversion to the sucrose 
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TABLE 2 

TREATMENT GROUPS IN EXPERIMENT 2 

Group Dosage Volume Solution Route 
mEq/kg ml/kg 

1 0 0 . . . .  
2 3.0 4.61 0.65 M NaC1 IP 
3 13.0 20.00 0.65 M NaC1 IP 
4 3.0 4.61 0.65 M LiC1 IP 
5 3.0 4.61 0.65 M LiC1 stom. tube 
6 3.0 4.61 0.65 M LiCI subcut. 

and there  were no signif icant  d i f ferences  a m o n g  these  
groups  (p>0 .2 ,  H-test) .  In cont ras t ,  t he  ra ts  receiving 4.61 
ml /kg  of  0.65 M NaC1 did no t  show an apprec iable  aversion 
and did not  differ  s ignif icant ly  in in take  f rom cont ro l s  
( p>0 .2 ,  U-test) .  G r o u p  3, which  received the  larger volume 
(20.0 ml /kg)  of  0.65 M NaCI, did show a signif icant  
aversion w h e n  compared  wi th  con t ro l s  (p< 0.01,  U-test)  bu t  
they  still were less aversive to sucrose t han  were the  
three  LiC1 groups  (p<  0.01,  U-test) .  

All d i f ferences  be t w een  the  six g roups  were res t r ic ted to 
the test  day and there  were no  s ignif icant  d i f ferences  
be tween  groups  in sucrose in take  o n  t r e a t m e n t  day or in 
wate r  in take  on  Days 6 and  7 (all p ' s > 0 . 1 ,  U-tests). The  
mean  in take  of  sucrose on Day 5, for  all rats, was 11.9 ml 
and the  mean  in take  of wate r  on  Days 6 and 7 was 11.7 ml 
and 13.9 ml, respectively.  

DISCUSSION 

Li th ium chlor ide  is clearly an effect ive subs tance  for  
p roduc ing  learned tas te  aversions in rats  and a s imple 
m o n o t o n i c  re la t ionship  exists  be t w een  the  a m o u n t  o f  LiCI 
in jected in a single tr ial  and the  degree of  learned aversion. 
When a dose such as 3.0 m E q / k g  is admin i s te red ,  all rats 
w i thou t  e x c e p t i o n  show a s t rong aversion to the  con- 
d i t ioned  taste  st imulus.  

The  results  in Expe r i m en t s  1 and  2 were cons i s ten t  in 
showing tha t  the  aversion was d e t e r m i n e d  by  the  a m o u n t  of  
l i th ium delivered and not  by  the  rou te  of adm i n i s t r a t i on  or 
c o n c e n t r a t i o n  of  so lu t ion  employed .  The  dose of  3.0 
m E q / k g  of  LiCI p roduced  a un i fo rmly  s t rong aversive effect  
wi th  the  four  c o n c e n t r a t i o n s  used and  wi th  the  th ree  routes  
of admin is t ra t ion .  While in t r ape r i tonea l  in jec t ions  of  hyper-  
tonic  l i th ium solu t ions  may have also p roduced  painful  
gas t ro in tes t ina l  effects,  the  h y p e r t o n i c i t y  was p resumably  
not  responsible  for  the  aversion since comparab le  NaCI 
in jec t ions  were w i t h o u t  effect.  The  s t o m a c h  t u b e d  group  
was of  par t icu lar  in teres t  in also showing tha t  the  q u a n t i t y  
of  l i th ium and not  the  c o n c e n t r a t i o n  was i m p o r t a n t ,  since 
for this  group,  the  0.65 M LiCI was u n d o u b t e d l y  di lu ted by 
be ing  added to  the  s t o m a c h  a few m i nu t e s  a f te r  the  animal  
had f inished dr ink ing  sucrose. 

It is diff icul t  to compare  the  effect iveness  of  various 
toxic  subs tances  used in d i f fe rent  expe r imen t s  since the  
exper imen ta l  p rocedures  have also varied. Nevertheless ,  the  
evidence seems to indicate  tha t  LiC1 is more  effect ive t han  
some o the r  agents which  are c o m m o n l y  used. While we 
have invar iably observed s t rong aversion in all rats a f te r  one 
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FIG. 3. Mean sucrose intake (-+1 S.E.M.) in the test for learned 
aversion for each treatment group in Experiment 2. To give the 
quantity of 3 mEq/kg, the dosage was 4.61 ml/kg of a 0.65 M 
solution, and to give 13 mEq/kg, the dosage was 20.0 ml/kg of a 

0.65 M solution. For all groups, N=6. 

trial w i th  3.0 m E q / k g  LiCI, s tudies  using c y c l o p h o s p h a m i d e  
and a p o m o r p h i n e  for  example ,  o f t en  use mul t ip le  trials 
before  s t rong avers ions are seen [2,  10, 1 1]. This  o f  course  
may  be  in par t ,  a result  of  the  dosages which  have been  
emp loyed  in those  s tudies  since wi th  h igh dosages s t rong 
aversions may be seen in a single trial  [ 10] .  

Why l i th ium chlor ide  should  be  par t icu lar ly  effect ive as 
an aversive s t imulus  is an i m p o r t a n t  ques t ion  for  which  
there  is no clear answer  at present .  The  mos t  obvious  
behaviora l  s y m p t o m  of  high dosage LiC1 in the  rat  is t ha t  
the  rat will be  relat ively inact ive  and will t end  to lie qu ie t ly  
on  the  f loor  of  the  cage. In add i t ion ,  and  perhaps  more  
signif icantly,  d iarrhea  is o f t en  present ,  indicat ive  of  gastro- 
in tes t ina l  d is turbance .  Gas t ro in tes t ina l  s y m p t o m s  such as 
nausea and  vomi t ing  are also r epor ted  as possible adverse 
react ions  to  l i th ium t r e a t m e n t s  in h u m a n  pat ients .  How- 
ever, because  l i th ium does affect  c a t echo l amine  me tabo l i sm 
and does al ter  sodium t r anspo r t  in nerve and  muscle cells, 
its effects  are u n d o u b t e d l y  widespread and  a large range of  
po ten t i a l  side effects  have been  repor ted  in the  clinical use 
of  l i th ium wi th  h u m a n  pa t i en t s  [ 13, 29 ] .  

The  fact  t ha t  l i th ium chlor ide ,  radia t ion ,  a p o m o r p h i n e  
and c y c l o p h o s p h a m i d e  are all k n o w n  to p roduce  nausea 
and gas t ro in tes t ina l  sickness suggests tha t  it is this  syn- 
d rome  which  makes  t h e m  all effect ive as t r e a t m e n t s  in 
p roduc ing  learned taste  aversions. However ,  th is  evidence is 
cer ta in ly  not  conclusive par t icular ly  since each of  these 
t r e a t m e n t s  has o ther  widespread effects  and  also because 
there  does not  seem to be a good  cor re la t ion  b e t w e e n  the  
effect iveness  of  a t r e a t m e n t  in p roduc ing  a learned aversion 
and the  degree of  sickness which  it produces .  Radia t ion ,  for  
example  appears  to  p roduce  learned aversions at dosages 
which  are t oo  low to  elicit any  observable  s y m p t o m s  of  
illness [33]  whereas  a p o m o r p h i n e  appears  to  make  a rat  
exceedingly  sick while  p roduc ing  a less p r o n o u n c e d  aver- 
sion [25 ] .  F u r t h e r m o r e ,  m a n y  o t h e r  t r e a t m e n t s  have been  
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repor ted  to  p roduce  learned avers ions in recent  years,  and  it 
is cer ta in ly  not  evident  t h a t  these  var ious  t r e a t m e n t s  have 
specific inf luences  on  nausea  or  gas t ro in te s t ina l  sickness. 
The  t r e a t m e n t s  used have been  diverse and  have inc luded  
a m p h e t a m i n e  and mesca l ine  [ 4 ] ,  e t hano l  [ 1 6 ] ,  p-chloro-  
pheny la lan ine ,  n - b u t y r a l d o x i m e ,  and  pyrazo le  [ 2 2 ] ,  anes- 
the t ics  [ 3 ] ,  a c t inomyc in -D  [ 3 6 ] ,  physos t igmine  [ 3 4 ] ,  
fo rmal in  [ 3 7 ] ,  and even IV iso tonic  saline [ 2 6 ] .  

An e x a m i n a t i o n  of the  dose response  curve in Fig. 1 
gives an ind ica t ion  of  the  sensi t iv i ty  of  the  rat  to  developing  
a learned tas te  avers ion in response  to l i th ium.  The  
th re sho ld  dose to  p roduce  an  avers ion is a p p r o x i m a t e l y  
0.15 m E q / k g  and  at th is  dose, t he  rat  does  no t  show any  
obvious  signs of  sickness. T h a t  th is  dose is relat ively mild,  is 
fu r the r  suggested by  the  fact  t ha t  it is less t h a n  the  dose 
rou t ine ly  admin i s t e red  as a t he rapeu t i c  t r e a t m e n t  for  manic  
symptoms .  A typica l  s ta r t ing  dose for  t r ea t ing  pa t i en t s  in 
the  manic  phase  of  manic-depress ive  psychosis  is 600  mg 
l i th ium ca rbona t e  given orally th ree  t imes  a day and  
m a i n t e n a n c e  dosages are a p p r o x i m a t e l y  hal f  t h a t  a m o u n t  
[ 2 3 ] .  Assuming  a pa t i en t  weighs 70  kg, this  init ial  dose is 

a p p r o x i m a t e l y  0.23 m E q / k g  of  l i th ium.  Thus ,  pa t i en t s  
receive th ree  t imes  a day,  a dose which  is a b o u t  11/2 t imes  
the  dose necessary to  p roduce  a learned aversion in rats. 
The  dose for  pa t i en t s  is clearly near  the  th re sho ld  for  
p roduc ing  gas t ro in tes t ina l  s ickness as th i s  effect  is a 
f r equen t ly  r epor t ed  side reac t ion  and  may  lead to a 
r educ t i on  in the  prescr ibed dosage. When vo lun tee rs  were 
given a single large expe r imen ta l  dose of  3 0 - 4 0  mEq (equal  
to  a b o u t  0 .50 m E q / k g  assuming 70 kg subjects)  mos t  of  the  
subjects  exper ienced  slight to  m o d e r a t e  d i scomfor t  wi th  
s y m p t o m s  such as nausea,  vomit ing,  and abdomina l  pain 
last ing a b o u t  one  hr  [1 [ .  Thus,  the  evidence seems to be 
tha t  at 0 .50  mEq/kg ,  people  feel clear d i scomfor t  and tha t  
0.23 m E q / k g  is p robab ly  near  the  th re sho ld  for  feel ing any 
effect.  Assuming  tha t  the  responses  of  the  rat  to  LiCI are 
similar to  those  in man,  it can be inferred tha t  t he  low dose 
of  0.15 m E q / k g  used in the  present  s t udy  p roduced  only  
slight, if any,  d i scomfor t .  The  fact  tha t  rats  show evidence 
of  learning to such a dose suggests a highly sensitive 
m e c h a n i s m  for  learning tas te  aversions. 
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