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BOLAND, F. J. AND M. H. STERN. Suppression by lithium of voluntary alcohol intake in the rat: Mechanism of action. 
PHARMAC. BIOCHEM. BEHAV. 12(2) 239-248, 1980.---Subjects were 70 Wistar rats showing either low preference for 
aversive alcohol solutions or a high preference induced by hypothalamic stimulation. Experiments 1 and 2 showed that a 
large lithium chloride injection (3 meq/kg) suppressed alcohol intake only if alcohol was tasted. Pairing lithium contiguously 
with water or intubed alcohol failed to reduce subsequent alcohol intake despite the concurrent presence of high serum 
lithium levels. In Experiments 3 and 4 a series of seven lithium injections increased rather than decreased alcohol intake if 
lithium was allowed to accumulate in the blood and brain during alcohol exposure while the transitory sickness associated 
with each injection was prevented from association with the taste of alcohol. When sickness was allowed to occur during 
alcohol exposure a suppression of intake resulted after two injections. Contrary to current interpretations these results 
suggest that the suppression of voluntary alcohol intake by acute and chronic lithium administration is due to a learned taste 
aversion rather than to a pharmacological mechanism specific to alcohol. 
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IN recent years there has been increased use of lithium car- 
bonate in the treatment of alcoholism. One double-blind 
study [23] involved chronic administration of lithium to alco- 
holics over periods of time ranging up to three years and 
reported a significant reduction in the number of rehospitali- 
zations (for detoxification) in the lithium treated group. In 
another placebo controlled study [27] lithium was adminis- 
tered to alcoholics for 10 months and there was a reduction 
in days spent incapacitated by drinking in the lithium group. 
There have been several uncontrolled studies utilizing 
chronic lithium treatment with alcoholics. Two [10,53] re- 
ported no beneficial effects while the other [36] claimed that 
alcoholics on lithium tended to cease drinking before the 
onset of blackouts and binges and to experience a reduction 
in their normal "high" from alcohol. 

Since lithium treatment has been shown to be effective 
with mood disorders [11,19] it was originally postulated that 
the mechanism by which it beneficially affected alcoholism 
was through relief of underlying depression. However, Kline 
et al. [23,24] found no difference in depressive mood be- 
tween alcoholics on lithium and those on placebo. They pos- 
tulated that lithium must have a beneficial effect on alco- 
holism through some direct, but as yet unknown phar- 
macological mechanism, probably of central origin. 

The claim that lithium has a direct effect on alcoholism 
has generated a number of animal studies showing that acute 

[13] and chronic [14, 16, 17, 26, 46, 47, 49] lithium adminis- 
tration also attenuates voluntary alcohol intake in rats. In all 
of these studies, the authors suggest that lithium produced its 
suppression of voluntary alcohol intake by a central phar- 
macological mechanism specific to alcohol. There is evi- 
dence that acute and chronic alcohol intake produces 
changes in the metabolism of the catecholamines [18, 31, 38] 
and acetylcholine [30] and that interference with these sub- 
stances through depletion or administration of neurotoxins 
can alter voluntary alcohol intake [31]. Since lithium is also 
known to interfere with aspects of acetylcholine [50] and 
amine metabolism [45] it appeared reasonable as a working 
hypothesis to attribute the suppression of voluntary alcohol 
intake by lithium to its effect on either acetylcholine [16] or 
the catecholamines [49]. The fact that lithium suppressed 
alcohol intake was in turn suggested as evidence that these 
substances were involved in the control of voluntary alcohol 
intake. 

A second approach to the use of lithium with alcoholics, 
together with supporting animal studies, casts serious doubts 
on the hypothesis of a direct pharmacological mechanism. 
Lithium is considered the most effective drug for producing 
conditioned taste aversions (CTA) in animals [34]. In hu- 
mans, a number of aversive side effects including nausea and 
vomiting commonly occur shortly after lithium is ingested 
[48]. In a recent study [5] these aversive side effects of acute 
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lithium administration were repeatedly paired with the taste 
of alcohol to produce aversion to alcohol in alcoholics. At 
six-month follow-up, the lithium-aversion group was 
superior in terms of abstinence to a group of alcoholics 
treated with citrated calcium carbimide. 

That lithium administration can produce CTA's in ani- 
mals to a wide variety of flavored solutions [41] including an 
inert saccharin solution from which one would not expect a 
pharmacological interaction with lithium [33], poses an in- 
terpretation problem for studies reporting a lithium-induced 
suppression of voluntary alcohol intake in rats. In all such 
studies [14, 16, 17, 26, 46, 47, 49] lithium was administered 
during alcohol exposure, a procedure allowing the taste of 
alcohol to become associated with the aversive side effects 
of the lithium administration and produce a CTA to alcohol. 
Because of the confounding, it is not possible to attribute the 
suppression of voluntary alcohol intake in rats by lithium to 
either a pharmacological mechanism specific to alcohol or to 
a non-specific CTA to alcohol. The present study was under- 
taken to assess the relative contribution each mechanism 
might make to the suppression of voluntary alcohol intake in 
the rat. 

EXPERIMENT 1 

The first study explores the effects of a single large injec- 
tion of lithium chloride on voluntary alcohol intake. Two 
questions are of interest. 

The first was whether lithium paired with alcohol in an 
intentional CTA paradigm would produce a suppression of 
voluntary alcohol intake in animals that were highly familiar 
(3 months) with alcohol solutions. Familiarity with the taste 
of a solution is known to reduce the strength of a CTA to that 
solution [28, 40, 42]. If the answer is not positive it could 
hardly be argued that the suppression of alcohol intake under 
similar conditions of familiarity [26,46] is due to the inadver- 
tent production of a CTA. 

The second question was whether lithium paired with 
water and given outside the conditioning interval with re- 
spect to alcohol, would produce any attenuation of sub- 
sequent voluntary alcohol intake. A positive answer would 
support the hypothesis of a direct pharmacological effect of 
lithium on alcohol intake. 

The questions were investigated using animals showing 
high preference for alcohol over water and animals showing 
low preference for alcohol. The rationale for including high 
alcohol preferring rats was derived from finding that changes 
in neuroamines following alcohol intake are more likely to be 
associated with high alcohol preferring animals [1,15]. 

METHOD 

Subjects 

The subjects were 64 male albino rats of the Wistar strain 
weighing 275-300 g at the beginning of the experiment. The 
animals were housed individually in steel cages with wire 
mesh floors and fronts. Two 100 cc graduated Richter-type 
drinking tubes were located 1 inch above the floor at the 
front of each cage. Purina chow pellets were available, and 
with the exception of one 24 hr deprivation period, subjects 
bad continuous access to tap water. A 12 hr light-dark cycle 
was maintained throughout. Alcohol solutions were mixed 
volume per volume from 95% ethanol and tap water. Lithium 
was administered in a 0.3 molar solution of lithium chloride 
in distilled water. 

TABLE l 

T H E  BASIC C H A R A C T E R I S T I C S  OF T H E  SIX E X P E R I M E N T A L  
GROUPS 

Lithium 
Group Implanted Stimulated Reversed pairing 

SRHL (N=6) Yes Yes Yes Water 
SREL (N=8) Yes Yes Yes Ethanol 
SNREL 

(N- 12) Yes Yes No Ethanol 
IEL (N=7) Yes No No Ethanol 
NIEL (N= 13) No No No Ethanol 
NIHL (N= ! 1) No No No Water 

S=implanted and stimulated; I=implanted but not stimulated; 
NI=not implanted; R=reversal of preference; NR=non-reversal of 
preference; E=alcohol; H=water; L=lithium chloride. 

Procedure 

The techniques used to establish low and high preference 
for alcohol have been described in detail elsewhere [2,3]. 
Thirty-eight of the animals were selected randomly for im- 
plantation of monopolar electrodes in the left lateral 
hypothalamus. After recovery, all rats were exposed to a 
daily choice between water and a solution of alcohol (3% v/v) 
which was increased in concentration each day until the 
animals completely rejected it. This initially rejected con- 
centration (IRC), which in this experiment averaged 17% and 
ranged between 10-33%, was used for a particular animal 
throughout the experiment, insuring that each animal experi- 
enced an approximate equivalence in terms of aversive con- 
centration of alcohol. 

For 72 days following establishment of IRC all animals 
were placed on an alternate-day schedule of choice between 
alcohol and water on one day followed by only water on the 
next. The position of water and alcohol tubes was alternated 
to avoid position preference. For a group of 30 animals 
selected randomly a daily 30-min period of electrical stimu- 
lation was superimposed on the first 30 days of the 
alternate-day schedule. The stimulation was administered in 
smooth wooden boxes in the absence of alcohol or water at 
current levels below the aversive threshold (X=16 mi- 
croamps). This resulted in the majority of stimulated animals 
developing a permanent reversal of preference for alcohol 
over water such that they consumed between 80-85% of their 
daily fluid intake from IRC alcohol solutions. The stimulated 
animals which did not reverse their preference for alcohol 
showed the same low preference (30--45% of daily fluid in- 
take from IRC) as non-stimulated animals. 

Throughout the experiment, attrition through death and 
loss of electrodes eliminated seven animals. On Day 72, the 
remaining animals were divided into six groups as shown in 
Table 1. 

The non-implanted animals were assigned randomly to 
receive either lithium paired with water (NIHL) or lithium 
paired with alcohol (NIEL). Similarly, stimulated animals 
showing reversal of preference for alcohol over water were 
divided randomly into a lithium-water group (SRHL) or 
lithium-alcohol group (SREL). The fact that some stimulated 
animals did not show reversal of preference allowed a 
lithium-alcohol group (SNREL) which showed low prefer- 
ence for alcohol but was still equated with high preference 
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groups on the stimulation factor. The effect of the electrode 
implant on the lithium-alcohol pairing was investigated using 
an implanted but non-stimulated group (IEL). 

On Day 73 all animals were deprived of fluid for a 24 hr 
period in order to increase their readiness to drink an upcom- 
ing stimulus solution within a prescribed time period. At the 
beginning of Day 74 (8 a.m.) and depending on group as- 
signment, animals were offered either 3 ml of IRC alcohol 
solution or 3 ml of water. Pilot work showed this amount 
would be consumed within 10 min. After 10 min animals 
received an intraperitoneal (IP) injection of lithium (3 meq/kg 
body weight). Fifty min later, water tubes were placed on all 
cages, and for the remainder of Day 74 the animals were 
allowed to recouperate from the general malise and sluggish- 
ness which acute lithium sickness temporarily induces in 
animals. On Day 75 and for the next 18 days, the alternate- 
day free choice test between water and IRC alcohol solutions 
was reinstated. 

RESULTS 

Lithium suppressed alcohol intake when paired with 
alcohol in the CTA paradigm, but it had no effect on sub- 
sequent alcohol intake when paired with water. 

Figure 1 shows the results at six-day intervals in terms of 
absolute alcohol per kg body weight (top) and percent of 
total daily fluid intake that was IRC alcohol solution (bot- 
tom). The data are shown starting at a point of stable 
baseline 60 days after the initiation of the alternate-day 
schedule and 30 days after the end of the stimulation period. 
The second measure was included because the absolute 
alcohol measure does not control for variation in alcohol 
intake due to increases or decreases in general fluid intake. 
Statistical analysis of both measures yielded identical re- 
suits, and only analysis of the second measure is reported 
here. 

A Groups x Trial Periods Analysis of Variance was car- 
ded out on the seven free-choice IRC alcohol versus water 
days shown in Fig. 1. The differences between Groups, 
F(5,51)=35.38, p<0.0001, and Trial Periods, F(6,306)= 
108.06, p<0.0001, were highly significant as was the Groups 
x Trial Periods interaction, F(30,306)=21.25, p<0.0001. 

Analysis of simple effects [52] showed that the groups 
differed reliably in their mean percent alcohol of total fluid 
intake on each of the trial periods sampled: Day 60, 
F(5,133) = 16.26, p <0.001; Day 66, F(5,133) = 15.44, p <0.001; 
Day 72, F(5,133)= 18.39, p<0.001; Day 75, F(5,133)=47.80, 
p<0.001; Day 81, F(5,133)=45.55, p<0.001; Day 87, 
F(5,133)=31.56,p<0.001 ; Day 93, F(5,133)=32.84,p<0.001. 

Each of the four groups administered lithium paired with 
alcohol showed a significant difference in preference for 
alcohol across the seven trial periods: SREL, 
F(6,306)= 127.17, p<0.001; SNREL, F(6,306)=33.41, 
p<0.001; IEL, F(6,306)=28.95, p<0.001; NIEL, 
F(6,306) = 29.32, p < 0.001. The two groups which had lithium 
paired with water showed a tendency to increase alcohol 
intake immediately following lithium administration, but the 
increase was not sufficient to produce significance across 
trial periods: SRHL, F(6,306)=1.84, p>0.05; NIHL, 
F(6,306)= 1.64, p>0.05. 

Further analysis utilized Tukey's honest significant 
difference (HSD) test [52] to make a posteriori comparisons 
between the mean percent alcohol of total fluid intake of 
individual groups within key trial periods (Days 72, 75, 93) 
and for individual groups across these trial periods. 
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FIG. I. Mean intake of absolute alcohol ml/kg (top) and percent 
ethanol solution of total fluid intake (bottom) at six-day intervals 
before and after lithium (3 meq/kg) administration for animals in 

Experiment 1. 

During the last baseline day (72) there was no difference 
in percent alcohol of total fluid intake between the two high 
preference groups (SRHL, SREL), but these groups differed 
significantly (p<0.01) from the four low intake groups 
(SNREL, IEL, NIEL, NIHL) which did not differ among 
themselves. 

During the immediate post-lithium period (Day 75) HSD 
test analysis showed that the two groups given lithium paired 
with water (SRHL and NIHL) maintained the differences 
(p<0.01) in preference for alcohol that were evident during 
baseline. The latter two groups showed significantly higher 
preference for alcohol (p<0.01) than the four groups given 
lithium paired with alcohol (SREL, SNREL, NIEL, IEL). 
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The latter four groups showed no differences, suggesting the 
presence of a floor effect. 

The strength of the lithium-induced suppression is evident 
from the HSD test comparisons between individual groups 
on Day 93. The four groups having lithium paired with alco- 
hol maintained the same attenuation of  preference for alco- 
hol (p<0.01) relative to the two groups having lithium paired 
with water, that was evident 18 days earlier. 

The HSD test was also used to assess group changes in 
preference for alcohol between the last day of baseline (72), 
the first post-lithium day (75) and the last post-lithium day 
(93). Compared to baseline levels, each of the groups receiv- 
ing the lithium-alcohol pairing (SREL, SNREL,  IEL,  NIEL)  
showed a significant (p<0.05) drop in preference for alcohol 
on the first post-lithium day and remained reliably different 
(p<0.05) from baseline 18 days later. Comparisons between 
Day 75 and Day 93 showed that none of the groups increased 
preference for alcohol significantly after the initial suppres- 
sion. The two groups receiving lithium paired with water 
were not included in this analysis as they failed to show a 
significant trial effect during the prior analysis of simple ef- 
fects. 

It was of some interest to determine whether or not the 
tendency shown by SRHL and NIHL to increase alcohol 
intake during the immediate post-lithium period was due to 
the pairing of lithium with water. For  example, it was possi- 
ble that a CTA to water produced a compensatory increase 
in alcohol intake. However,  a comparison of  differences in 
water intake on the last water-only day (71) before lithium 
and the first water-only day (76) after lithium between SRHL 
(lithium-water) and SREL (lithium-alcohol) showed no 
difference in water intake, t(1,12)= 1.06, p>0.05.  Similarly, 
the comparison of NIHL with NIEL did not yield 
significance, t(1,23)= 1.15, p >0.05. 

Although not of direct concern to this investigation, his- 
tological examination using techniques described elsewhere 
[12] verified that electrode placement sites did not differ 
from those of other studies utilizing lateral hypothalamic 
stimulation to increase alcohol intake [24]. 

DISCUSSION 

It is clear that acute lithium administration within the 
CTA paradigm produces a suppression of alcohol intake. No 
studies utilizing similar periods of pre-exposure to alcohol in 
an intentional CTA paradigm were available for comparison 
but the degree of suppression appeared very strong consider- 
ing the known influence of familiarity in weakening the 
strength of a CTA [42]. However ,  it would be expected that 
the large lithium dosage [34] and close temporal contiguity 
[41] would work to strengthen the aversion, while the two- 
bottle choice test would be sensitive to its detection [9,13]. 
In addition, the use of aversive alcohol concentrations, 
which in this experiment were considerably higher than rats 
normally prefer [21,43], might be expected to increase the 
"sa l ience"  of the taste cues and to strengthen the aversion 
[22, 35, 51]. 

Lithium paired with water did not produce a reduction in 
subsequent alcohol intake. However,  this does not exclude 
the possibility of a direct pharmacological effect on alcohol 
intake. For  example, it may be that alcohol must be present 
in the system at the time of lithium administration before the 
pharmacological effect is produced.  All experiments dem- 
onstrating a suppression of alcohol intake by lithium have 

allowed the presence of alcohol during lithium administra- 
tion [14, 16, 17, 26, 46, 47, 49]. The problem has been 
whether to attribute the decrease to a direct pharmacological 
effect or to a CTA. Experiment 2 addresses this problem. 

EXPERIMENT 2 

The previous experiment did not eliminate the possibility 
that alcohol must be present in animals during lithium admin- 
istration for a direct pharmacological effect on voluntary 
alcohol intake to be observed. To satisfy this requirement, 
animals in the present experiment were intubed with alcohol 
10 min before lithium administration. Since a CTA is depen- 
dent on the availability of gustatory cues for association with 
sickness [41], the procedure should prevent the development 
of a CTA but not the possibility of a pharmacological effect. 

METHOD 

The method was identical to that of Experiment 1 except 
for the following changes. Sixteen male albino rats of the 
Wistar strain weighing 250-275 g at the start of  the experi- 
ment were divided randomly into two groups. Six were cho- 
sen as a Non-stimulated group of low alcohol preferring ani- 
mals, and 10 were implanted with electrodes and stimulated 
as in Experiment 1. Seven of the latter group reversed their 
preference for IRC alcohol over water, and these became the 
Stimulated group. 

On Day 73 all animals were deprived of fluids for 24 hr. At 
the start of Day 74 (8 a.m.), all animals received gastric 
intubations of 3 ml of their IRC alcohol solution using an 
established intubation technique [4,6]. Ten min later all ani- 
mals received an injection (IP) of lithium chloride at 3 
meq/kg. Fifty min later, water tubes were returned, and the 
animals were allowed the remainder of Day 74 for recovery. 
On Day 75 the alternate-day free choice between water and 
IRC alcohol was reinstated for a period of 22 days. One 
animal from the Stimulated group was discarded because it 
inadvertently received the wrong lithium dosage. 

Serum lithium. It was considered of value to have esti- 
mates of serum lithium during the period following the 
alcohol-lithium pairing. However,  it was thought best to rule 
out any effect the stress of taking blood samples from the 
rat 's  tail might have on subsequent alcohol intake. Accord- 
ingly, a group of five Wistar rats of comparable weight and 
pre-exposure to the alternate-day alcohol schedule as ani- 
mals in the experiment proper  were used as a comparison 
group to acquire blood samples. These animals received 3 ml 
o f l R C  alcohol solution followed 10 min later by the 3 meq/kg 
lithium injection and 55 min later were overdosed with injec- 
tions of Nembutal.  Five min after the nembutal injection the 
chest-cavity of each rat was opened and a 2 ml blood sample 
drawn from the vena cava artery. The timing of the sample 
(one hr after lithium) was meant to give an estimate of the 
serum lithium peak. Samples were analyzed using atomic 
absorption spectrophotometry.  

RESULTS 

Figure 2 shows the results in terms of absolute alcohol 
(top) and percent alcohol of  total fluid intake (bottom) for a 
period of seven IRC alcohol versus water choice days pre- 
ceding lithium and for I 1 such days following lithium admin- 
istration. It is apparent that the procedure of pairing intubed 
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FIG. 2. Mean intake of absolute alcohol ml/kg (top) and percent 
ethanol solution of total fluid intake (bottom) on alcohol-water 
choice days before and after lithium (3 meq/kg) administration for 

animals in Experiment 2. 

alcohol with lithium failed to induce a suppression of sub- 
sequent alcohol intake. 

Analysis of Variance with repeated measures of the abso- 
lute alcohol measure for the 18 days shown in Fig. 2 showed 
the expected difference between Groups,  F(1,10)=19.40, 
p<0.01,  and a weaker but reliable Trials effect, 
F(17,170)=2.09, p<0.05.  There was no Groups x Trials in- 
teraction, F(17,170)=1.06, p>0.05,  indicating that both 
groups were affected similarly over trials. The Trials effect 
appeared to be due to the increase in alcohol intake occur- 
ring during the immediate post lithium period. 

An identical analysis carried out on the percent alcohol of 
total fluid intake data again showed a Groups difference, 
F(1,10)=25.62, p<0.001,  but the Trials effect did not reach 
significance, F(17,170) = 0.27, p >0.05, sugge sting that the in- 
crease observed in the analysis of absolute alcohol data was 
at least in part due to a general increase in total fluid intake. 
However,  since there was still a weak but reliable Groups × 
Trials interaction, F(17,170)=1.76, p<0.05,  the possibility 
existed that one of the groups increased preference for alco- 
hol following lithium administration. This was assessed using 
the Dunnet Test [52] to compare the mean percent alcohol of 
total fluid intake on each of the first two alcohol-water 
choice days (75,77) following lithium with the last day (72) of  
baseline. In the Stimulated group neither Day 75, t(3,10)= 
0.69, p>0.05,  nor Day 77, t(3,10)=0.47, p>0.05,  differed 
from Day 72. Similarly, in the Non-stimulated group differ- 
ences between Days 75 and 72, t(3,10)= 1.29, p>0.05,  and 
between Days 77 and 72, t(3,10)--0.89, p>0.05,  failed to 
reach significance. This suggests that the shift in alcohol 
intake accounting for the Groups × Trials interaction was 
due to additional factors operating outside the immediate 

post-lithium period (possibly, as can be seen from Fig. 2, to 
the overall tendency of the Non-stimulated group to drift 
towards the Stimulated group following the lithium-alcohol 
pairing). 

One hr after lithium administration the mean serum 
lithium levels of animals in the blood-sample comparison 
group was 2.61 miUiequivalents per litre of blood (meq/l) 
with a standard deviation of 1.6 meq/l. The high variability of 
lithium levels was consistent with the high variability of 
lithium peak estimates reported in humans [39]. 

D I S C U S S I O N  

In Experiment 2 animals receiving a large lithium injec- 
tion following intubations of alcohol showed the same lack of 
suppression of  alcohol intake (and the same tendency to in- 
crease intake) as animals which had lithium paired with 
water in Experiment 1. It is clear that exposure to the gusta- 
tory cues of alcohol is essential to attenuation of alcohol in- 
take by acute lithium administration. 

A variety of lithium dosages ranging up from a minimum 
of 0.3 meq/kg have been sufficient to initiate a suppression of 
voluntary alcohol intake [13, 16, 46, 47], usually on the first 
day of administration, yet no suppression resulted in this 
study at lithium dosages ten times this minimum level. Fur- 
thermore, serum lithium estimates showed that animals 
would have had high serum lithium levels during the period 
of alcohol metabolism and one can assume that these condi- 
tions would favor the development of a pharmacological ef- 
fect of lithium on alcohol intake. Taken together, the results 
of these two experiments suggest a CTA explanation of  the 
suppression of  voluntary alcohol intake by acute lithium 
administration. 

The majority of studies reporting attenuation of alcohol 
intake by lithium utilize different parameters from those used 
here in that lithium is usually administered chronically at 
lower daily dosages. Also, in the present experiments,  3 ml 
of IRC alcohol were specifically and contigiously paired with 
a lithium injection in animals deprived of  fluid. Other studies 
using chronic lithium administration used non-deprived ani- 
mals, and no specific attempt was made to pair the ever- 
present alcohol with lithium administration. The possibility 
that a specific pharmacological effect of lithium on alcohol 
intake would become apparent under these conditions of 
chronic lithium administration was investigated in the next 
experiment. 

EXPERIMENT 3 

In the third experiment lithium was administered 
chronically to non-deprived rats in a manner that would 
favor the development of a pharmacological effect of lithium 
on voluntary alcohol intake while still preventing the occur- 
rence of a CTA. The rationale for the procedure involves a 
consideration of the forward and backward conditioning 
curves for lithium in rats. CTA have been produced with 
flavor-lithium sickness intervals of up to at least four hr [32]. 
Also, since lithium sickness appears to be associated with 
the gradient of absorption into the serum [37], CTA are 
possible to flavored solutions introduced up to one hr after  
the start of lithium sickness but before the sickness reaches 
its peak [4,8]. In the present experiment animals were in- 
jected with lithium on seven consecutive water days six hr 
before the start of the seven respective free choice alcohol 
versus water days. This should have avoided any possibility 
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of forward or backward conditioning since there is an 18 hr 
period between each lithium injection and last exposure to 
alcohol and a six hr period between the injection and next 
alcohol exposure. Such temporal intervals are conservative, 
but it was essential to rule out the possibility of  a CTA. 
However,  since lithium has a 24 hr half-life, the procedure 
should still result in serum lithium levels during alcohol ex- 
posure which are well within the range of those reported to 
be associated with suppression of  alcohol intake [16]. In ad- 
dition, lithium levels in the brain are known to peak 8-18 hr 
after a lithium chloride injection [29], and since this period 
falls entirely within the alcohol exposure period, it can be 
argued that the development of a central pharmacological 
effect is still favored. 

METHOD 

The subjects were the Stimulated and Non-stimulated 
animals used in Experiment 2 with the addition of the one 
stimulated animal previously discarded because of an incor- 
rect lithium dosage. The animals had continued the 
alternate-day schedule of alcohol exposure instituted in Ex- 
periment 2, and Day 117 (42 days since last lithium injection) 
marked the start of baseline measurements for Experiment 3. 
On Day 130 (water only) six hr before the start of Day 131 
(free choice between alcohol and water), each animal was 
removed from its home cage long enough to be weighed and 
receive a lithium injection (IP) of 1.5 meq/1. On the next six 
consecutive water-only days (up to Day 142), the animals 
received identical lithium injections six hr prior to the start of 
the respective alcohol-water days up to Day 143. The 
alternate-day schedule was then continued to Day 159. 

As in Experiment 2, a comparable group of l0 Wistar rats 
receiving a parallel procedure were used to obtain blood- 
lithium estimates six hr after the last lithium injection. 

RESULTS 

Chronic administration of lithium under the conditions of 
this experiment failed to suppress alcohol intake. In fact, 
animals tended to increase alcohol intake following lithium. 

Figure 3 shows the results in terms of absolute alcohol 
intake (top) and percent IRC alcohol solution of total fluid 
intake (bottom) for seven alcohol days preceding lithium, 
seven alcohol days during lithium administration, and eight 
alcohol days after lithium had been discontinued. As total 
fluid intake was expected to increase with chronic lithium 
administration, the latter measure was chosen as the more 
conservative for statistical analysis. 

Analysis of Variance with repeated measures over the 22 
alcohol-water choice days indicated a reliable difference be- 
tween Groups,  F(1,11)=7.42, p <0.05, and a significant effect 
across Trials, F(21,231)=3.79, p<0.01.  Both groups were 
affected similarly by the lithium as reflected in the lack of a 
Groups x Trials interaction, F(21,231)=0.96, p>0.05.  

The effect across trials was apparently due to the increase 
in preference for alcohol occurring after the start of lithium 
administration. Since there was no interaction the mean per- 
cent alcohol of total fluid intake for the combined groups on 
the last baseline day (129) was compared with the mean pref- 
erence on each of the alcohol-water days during the lithium 
period using the Dunnet Test. The groups did not differ from 
baseline levels on the first lithium day (131), t(8,231)=0.78, 
p>0.05,  but did differ reliably on the second (133), 
t(8,231)=2.35, p<0.05,  a n d  the third lithium day (135), 
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FIG. 3. Mean intake of absolute alcohol ml/kg (top) and percent 
ethanol solution of total fluid intake (bottom) on alcohol-water 
choice days before, during and after a series of seven injections (IP) 

of lithium (1.5 meq/kg) for animals of Experiment 3. 

t(8,231)=2.53, p<0.05.  On the last four lithium days the in- 
crease in mean preference for alcohol failed to reach signifi- 
cant levels over baseline; Day 137, t(8,231)= 1.94, p>0.05;  
Day 139, t(8,231)=1.44, p>0.05;  Day 141, t(8,231)=2.10, 
p>0.05;  Day 143, t(8,231)=0.93, p>0.05. 

Repeated administration of lithium salts was expected to 
increase total fluid intake. However,  while the two groups 
differed on intake of and preference for alcohol there should 
have been no differences in water intake on days when they 
received only water. Figure 4 shows water intake on water- 
only days throughout the experiment.  Analysis of Variance 
with repeated measures over the last baseline water day and 
the seven water days occurring during lithium administration 
showed no differences between Groups F, (1,11)=0.002, 
p>0.05,  and no Groups x Trials interaction, F(7,77)= 1.04, 
p>0.05.  As expected, there was a significant increase in 
water intake in both groups over Trials, F(7,77)=2.80, 
p<0.05.  

Six hours after the last of seven lithium injections, the 
blood-sample comparison group yielded mean serum lithium 
levels of 0.81 meq/1 with a standard deviation of 0.082 meq/1. 

DISCUSSION 

Chronic administration of lithium failed to produce a de- 
crement in voluntary alcohol intake when the possibility of a 
CTA was eliminated. Chronic lithium levels greater than 
those found here have been associated with suppression of 
alcohol intake [47]. However,  it is of interest that rats in the 
present study did not suppress alcohol intake despite serum 
lithium levels approximately four times those reported 
elsewhere [16,47] to be associated with suppression. Fur- 
thermore, most studies reporting a suppression of alcohol 
intake after chronic lithium report a suppression on the first 



LITHIUM AND ALCOHOL INTAKE 245 

4O 
Z 
003 
~ 36 
E~a 
~ 3z 

~ o ,  28 

0 

\o Y o ,o./[] 
¢ , / ½ /  o ~ , ,a/  

, i i , i 1 
(n=7) LITHIUM 

n STIMULATED 

A NON STIMULATED 

I I I I I l I I I I i 1 I I I I I I 1 I I I I I I 

116 120 124 128 132 136 140 144 148 152 156 160 164 
DAYS 

FIG. 4. Mean water intake (ml) on water-only days before, during 
and after lithium administration for animals of Experiment 3. 

day of lithium administration [16, 46, 47]. In the present 
experiment,  no suppression resulted even after seven con- 
secutive administrations of lithium. A central pharmacologi- 
cal explanation of the suppression of  alcohol intake by 
lithium would appear to be especially weakened since, after 
each lithium injection, brain lithium levels would peak during 
the alcohol exposure period [29]. 

Recall that the analysis of water intake in Experiment 1 
did not support the hypothesis that a compensatory increase 
in alcohol intake following lithium occurred as a result of a 
CTA to water. A similar analysis could not be carried out 
here, but it is of interest to note that the increase in alcohol 
intake during the lithium period occurred mainly after the 
water intake had reverted to baseline levels. 

EXPERIMENT 4 

The results of Experiment 3 suggest, by default, that a 
CTA might be responsible for the suppression of alcohol 
intake noted in studies using chronic lithium administration. 
It follows, however,  that an arrangement which would allow 
the essential pairing of alcohol cues with lithium sickness 
should produce a suppression of alcohol intake. To demon- 
strate this, conditions were arranged in the fourth experi- 
ment such that lithium injections were administered to ani- 
mals 6 hr before the free-choice alcohol versus water day 
ended rather than 6 hr before it began as in Experiment 3. 

METHOD 

The subjects were those used in Experiment 3. All ani- 
mals had continued their alternate day schedule of alcohol 
exposure, and Day 167 (24 days after their last lithium injec- 
tion) marked the start of  baseline measurement for Experi- 
ment 4. On Day 181 (free-choice alcohol versus water), 6 hr 
before the start of Day 182 (water-only), each animal was 
removed from its home cage long enough to be weighed and 
receive a lithium injection (IP) of  1.5 meq/kg. An identical 
procedure was repeated on the next three alcohol versus 
water days up to Day 187. The alternate-day schedule was 
maintained for a further 30 days, after which time the ani- 
mals were killed for histological examination as in Experi- 
ment 1. 

As before, a comparable group of 10 Wistar rats receiving 
a parallel procedure were used to obtain blood-lithium esti- 
mates 6 hr after the last lithium injection. 
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FIG. 5. Mean intake of absolute alcohol mi/kg (top) and percent 
ethanol solution of total fluid intake (bottom) on alcohol-water 
choice days before, during and after a series of four injections (IP) of 

lithium (1.5 meq/kg) for animals of Experiment 4. 

RESULTS 

Repeated administration of lithium within the condition- 
ing interval for alcohol produced a suppression of alcohol 
intake in both groups which lasted beyond the period of 
lithium administration. 

Figure 5 shows the results in terms of intake of absolute 
alcohol (top) and percent IRC alcohol of total fluid intake 
(bottom). As before, the latter measure was chosen for 
analysis. 

Analysis of Variance with repeated measures over the full 
26 days shown in Fig. 5 indicated no significant difference 
between Groups, F(1,11)= 1.56, p>0.05,  a reliable Trials ef- 
fect, F(25,175)= 19.65, p<0.001, and no Groups x Trials in- 
teraction, F(25,275)--1.40, p>0.05.  A priori differences be- 
tween Groups during baseline had been expected and were 
verified by a comparison between groups on the last baseline 
day (179), t(1,275)=3.01, p<0.01. Since both groups were 
affected similarly over trials their combined mean preference 
for alcohol was used to assess the decrease produced by 
lithium administration. Dunnet test comparisons with the 
last baseline day (179) showed no change on the first lithium 
day (181), t(8,275)= 1.86, p>0.05,  but a significant decrease 
in preference on the second (183), t(8,275)=2.65, p<0.05;  
third (185), t(8,275)=4.05, p<0.01;  and fourth (187), 
t(8,275)=8.93, p<0.01 lithium day; the first post-lithium day 
(189), t(8,275)= 11.09, p<0.01;  the day (203) midway through 
the recovery period, t(8,275)=5.80, p<0.01;  and the final 
recorded recovery day (217), t(8,275)=2.81, p<0.05. 
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Six hr after the last of four lithium injections, the blood 
sample comparison group yielded mean serum lithium levels 
of 0.79 meq/l with a standard deviation of 0.11 meq/l. 

As in Experiment 1 histological examination of electrode 
sites showed no outstanding differences between these 
placements and those found in other studies using lateral 
hypothalamic stimulation [2,3]. 

DISCUSSION 

The pattern of suppression of intake and preference for 
alcohol differed somewhat from that seen in Experiment 1. 
There animals showed a significant suppression after a single 
lithium injection. In the present experiment,  the suppression 
did not reach statistical significance until the second lithium 
day. In the context of  CTA theory the discrepancy might be 
expected. Some of  the difference can be attributed to the 
higher lithium dosage, to the specific pairing of alcohol with 
lithium sickness, and to the conditions of close temporal 
contiguity in effect in Experiment 1 [34,41]. In addition, ani- 
mals in Experiment 4 had not only over 100 days more famil- 
iarity with alcohol solutions than animals in Experiment 1 
but also had received eight prior injections of lithium before 
the start of the experiment. Both factors have been shown to 
attenuate a CTA [42]. Finally, since animals had 18 hr of 
alcohol exposure prior to the first lithium injection, the effect 
of that injection on subsequent alcohol intake would be de- 
tected on the next lithium day. 

Serum lithium levels drop by approximately one-half over 
a 24 hr period [5,29]. This would mean that serum lithium 
levels would be essentially negligible 30 days after the end of 
lithium administration, yet at this point in time, relative to 
baseline, animals in the present experiment were still show- 
ing a suppression of alcohol intake. It is not known how long 
a possible pharmacological effect of lithium would last, nor 
the amount of lithium necessary to produce it, but the long 
suppression of alcohol intake following cessation of lithium 
in this experiment would be consistent with animals forming 
a CTA to alcohol [41]. 

The serum lithium estimates in this experiment were simi- 
lar to those found in Experiment 3 where rats showed no 
suppression of alcohol intake. The major difference appears 
to be that rats in Experiment 4 experienced the sickness 
associated with the post-injection absorption of lithium in to 
the serum during alcohol exposure allowing for the develop- 
ment of a CTA. 

G E N E R A L  DISCUSSION 

Taken together, the results of  the four experiments are 
consistent with the hypothesis that acute and chronic lithium 
administration reduces voluntary alcohol intake in rats 
through a CTA. Experiment 1 showed that a single lithium 
injection paired contiguously with a highly familiar alcohol 
solution suppressed alcohol intake. An identical lithium in- 
ject ion paired with water showed no signs of attenuating 
subsequent alcohol intake. Experiment 2 showed that the 
suppression of voluntary alcohol intake did not depend on 
the presence of alcohol in the system since a single lithium 
injection paired with intubed alcohol produced the same re- 
sults as lithium paired with water. These two experiments 
indicate that the availability of gustatory cues is critically 
important for the suppression of voluntary alcohol intake by 
acute lithium administration. 

Experiment 3 showed that seven consecutive lithium in- 

ject ions were not sufficient to suppress voluntary alcohol 
intake when the sickness reactions associated with these in- 
ject ions were arranged to occur outside of the conditioning 
interval for alcohol. When the sickness reactions were 
allowed to occur during alcohol exposure as in Experiment 
4, a suppression of alcohol intake resulted after just two 
lithium injections. While these results with chronic lithium 
administration are predictable from the point of view of 
CTA learning they are not as conclusive in ruling out a 
pharmacological explanation as were the results of Experi- 
ments 1 and 2 using acute lithium. In the latter two, the 
temporal parameters were held constant and the taste vari- 
able manipulated, whereas in Experiment 3 and 4 the tem- 
poral parameters were manipulated. It is possible that a 
pharmacological interaction between lithium and alcohol 
might operate within the same temporal parameters as those 
of a CTA. Thus, arranging the temporal parameters to elimi- 
nate a CTA (as in Experiment 3) would also eliminate the 
possibility of a pharmacological interaction. However,  two 
points can be made in favor o f a  CTA explanation applying to 
chronic as well as acute lithium-induced attenuation of vol- 
untary alcohol intake. 

First,  although differences in parameters between the 
acute and chronic experiments of this investigation preclude 
using the results of one as direct support for the other, gen- 
eralization appears to be at least suggestively enhanced by 
the observation that in many of the studies using chronic 
lithium, suppression of alcohol intake occurred after the first 
day of lithium administration [16, 46, 47]. 

Second, consideration of serum lithium estimates suggest 
that the lithium sickness rather than the actual serum lithium 
levels was the critical factor involved. In Experiment 3, no 
suppression of alcohol intake occurred despite the fact that 
serum lithium levels were estimated to be at least as high as 
in Experiment 4 (where suppression did occur) and more 
than three times the minimum level reported elsewhere to be 
associated with suppression of alcohol intake [16,47]. Also, 
brain lithium levels peak about 8-18 hr after lithium chloride 
injections in the rat [29]. In Experiment 3 (where no sup- 
pression of intake occurred) the lithium levels in the brain 
would have peaked well within the period of alcohol expo- 
sure. In Experiment 4, however,  animals showed a clear 
suppression of alcohol intake even though brain lithium 
levels must have peaked well within the period when animals 
were exposed only to water. 

The present investigation suggests that a CTA may have 
been responsible for the suppression of voluntary alcohol 
intake by lithium reported in other studies [14, 16, 17, 26, 46, 
47, 49]. The fact that lithium both suppresses alcohol intake 
and interferes with central acetylcholine [16] and cate- 
cholamines [49] has been used as evidence for the role of 
these substances in the control of voluntary alcohol intake. 
While not discounting the latter possibility, the results of the 
present investigation question the further assumption that 
these neurochemical substances mediate the suppression of 
voluntary alcohol intake induced by lithium. A cautionary 
note is extended to other investigators using centrally active 
drugs to explore the neurochemical correlates of voluntary 
alcohol intake. Many of these drugs may have toxic proper- 
ties capable of producing a CTA to alcohol [7,33] in addition 
to any possible pharmacological effect they may have on 
voluntary alcohol intake. The methodological strategy de- 
veloped here may serve as one possible way to test these 
drugs without confounding by the ubiquitous CTA. 

The present investigation does not imply that the bene- 
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ficial effect  of  chronic  lithium treatment  with alcoholics  was 
due to the formation of  inadvertent  avers ions  to alcohol.  The 
lithium dosage used in chronic  t rea tment  with alcoholics [23, 
24, 27] was not high enough to produce  sat isfactory avers ive  
react ions sufficient to create  avers ion to alcohol  [5]. How-  
ever ,  a tentat ive alternate hypothesis  was suggested by the 
tendency of  rats in Exper iment  3 to increase alcohol  intake 
during chronic lithium administrat ion.  It is possible that this 
is a valid pharmacological  effect of  lithium as the increase 
could not be explained readily in terms of  a compensat ion  
due to a CTA to water.  

One of  the authors (FJB) is currently exploring the hy- 
pothesis  that lithium increases tolerance for alcohol  and/or to 
its avers ive  effects in rats. Human  studies suggest that 
l i thium administrat ion antagonizes some of the intoxicating 
effects of  a lcohol  [20,25], and reduces  the severi ty of  with- 
drawal symptoms [44]. Studies utilizing chronic  lithium 
t rea tment  with alcoholics have  reported beneficial  results 
despite the fact that alcoholics  continued to drink [22, 23, 27, 

36]. None  of  these studies moni tored  alcohol  intake directly. 
Instead,  the measure  of  t rea tment  ou tcome  was in terms of  
rate of  rehospital izat ion for detoxif icat ion [23,24] or  number  
of  days spent incapaci tated by alcohol  [27]. If  l i thium in- 
creases  to lerance for alcohol  and/or reduces  withdrawal  
symptoms,  it seems reasonable  to assume that this would 
posi t ively effect these measures  o f  t reatment  outcome.  

In conclusion,  the results of  the present  invest igation 
suggest that the mechanism by which lithium at tenuates vol- 
untary alcohol intake in rats is a CTA.  The hypothesis  that 
l i thium may increase tolerance for alcohol  and/or to its aver- 
sive side effects has been suggested for further study. 
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