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ARAGON, C. M. G. AND Z. AMIT. Taurine and ethanol-induced conditioned taste aversion. PHARMACOL BIO- 
CHEM BEHAV 44(2) 263-266, 1993.--It has been reported that acute, simultaneous injections of taurine and ethanol were 
effective in reducing ethanol-induced locomotor activity and sleep time. The possible involvement of taurine administration 
in ethanol-induced conditioned taste aversion (CTA) was investigated. The results obtained in the present study following 
simultaneous administration of taurine (45 mg/kg) and ethanol (0.8, 1.2, and 1.6 g/kg) demonstrate a significant interaction 
between taurine and ethanol in their effect on ethanol-induced CTA in rats. This interaction was biphasic in nature and 
dependent upon the specific dose of ethanol. At the lowest ethanol dose (0.8 g/kg), which in itself resulted in a marginal 
CTA, taurine significantly enhanced the CTA induced by this dose. The intermediate ethanol dose of 1.2 g/kg produced a 
significant CTA. This CTA was blocked by administration of taurine. Finally, the CTA produced by the high dose of ethanol 
(1.6 g/kg) was not affected by administration of taurine. Taurine by itself does not produce a CTA. Peripheral levels of 
ethanol were ethanol dose dependent and the same in all animals regardless of treatment, indicating taurine had no effects on 
plasma ethanol levels. These data are similar to those obtained by earlier studies on the effects of taurine on ethanol-induced 
motor activity in mice. The present results support the findings reported by other investigators that taurine administration 
exerts a significant effect on ethanol-induced behaviors. 

Ethanol Taurine Conditioned taste aversion 

ONE of  the central research topics during the past two decades 
within the broad field of  alcohol studies has been the at tempt 
to identify the central mechanisms underlying alcohol 's effects 
on behavior.  Indeed, these efforts  have clearly been predicted 
on the assumption that the data that will accumulate as a 
result of  these studies will contribute to our understanding of  
the development  o f  alcoholism and in particular the propen- 
sity of  organisms to voluntari ly ingest alcohol.  

A more specific group of  studies within this larger body of  
evidence at tempted to examine the possible role o f  the amino 
acid taurine in the control  o f  one or  more o f  ethanol 's  effects 
on behavior.  The initial study in this area investigated the 
effects o f  taurine on ethanol-induced narcosis (4,10,13). These 
investigators reported that sleep t ime resulting f rom adminis- 
tration of  large doses o f  ethanol was reduced following injec- 
tions of  taurine. The decrease in sleep time was reported to be 
substantially greater with taurine compared to nine other 
anaino acids administered in similar concentrations and in an 
identical paradigm to that used with taurine (10). Further,  it 
appeared, at least initially, that this effect o f  taurine was be- 
havior specific because taurine did not antagonize the effects 
of  ethanol on body temperature or  susceptibility to seizures 
(4). 

These initial observations that taurine may have a specific 
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effect on ethanol-related behaviors raised some obvious ques- 
tions concerning the possible mechanism underlying the ob- 
served effects. Several such putative mechanisms have actually 
been proposed. Naturally, given the weight of  the evidence 
most of  the suggestions concerning a taurine-related mecha- 
nism focused on its ability to antagonize ethanol-induced nar- 
cosis. In this context, it was proposed that taurine may be 
acting as a general neuromodulator .  This notion is in line with 
reports suggesting that taurine may be functioning within the 
CNS as an inhibitory neurotransmitter (7,8,12,18). Taurine 
has also been proposed,  on the basis of  data reported by Hux- 
able and Bressler (9), as a membrane stabilizer. These re- 
searchers found,  using a sarcoplasmic reticulum preparation 
f rom a rat skeletal muscle, that taurine caused an increase in 
the rate o f  calcium oxalate uptake, as well as an increase in 
the total calcium sequestered and a decrease in the rate of  
calcium transport after treatment of  the preparation with 
phospholipase C. A third possible mechanism putatively un- 
derlying the effects o f  taurine on ethanol-induced sleep has 
been proposed by Iida and Hikichi (10), who suggested that 
ethanol or acetaldehyde may interact with taurine to form 
a compound capable o f  exerting direct behavioral  effects or  
increasing the metabolic rate of  ethanol. 

Finally, a role for taurine as a possible activator o f  the 
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enzyme aldehyde dehydrogenase has also been proposed as 
underlying the observed ethanol-taurine interaction (15,16). 
In line with this proposal, it was found that following adminis- 
tration of taurine a significant reduction in blood acetalde- 
hyde levels in rats and "flushing" in humans was observed 
(15). On the basis of these observations, it was suggested that 
taurine, in the above-mentioned study, may have accelerated 
the oxidation of acetaldehyde by activating aldehyde dehydro- 
genase. 

So far, most of the data relating taurine to ethano|'s effects 
came from experiments studying movement (3) or lack of it 
during sleep (4,10,13). However, given the earlier finding (4) 
that taurine did not affect ethanol-induced changes in body 
temperature or seizure susceptibility one had to consider the 
possibility that the taurine-ethanol interaction is underlying 
a narrow band of ethanol-related behavioral variables. The 
present study is an attempt to examine this possibility by ex- 
tending the range of behavioral variables studied. More specif- 
ically, we designed this study to examine the possible effects of 
taurine on ethanol-induced conditioned taste aversion (CTA). 

The ability of ethanol in subanesthetic doses to induce a 
CTA is well established (1,2,6) and is a sensitive, dose- 
dependent paradigm to study ethanol effects on behavior. Be- 
cause a CTA was demonstrated in a sleeping animal prepara- 
tion (5), it is clear that this paradigm is, at most, only 
minimally dependent upon central mechanisms implicated in 
the regulation of motor movement. Given these properties 
of the CTA paradigm, we felt that its usage in the present 
experiment may contribute valuable data on the extent of tau- 
rine's involvement in mediating ethanol-induced changes in 
behavior. 

METHOD 

Subjects 

Seventy-four male Long-Evans rats (Charles River, Can- 
ada) were used in this study. They weighed 250-310 g at the 
beginning of the experiment. Animals were housed individu- 
ally in stainless steel cages with free access to food and water 
prior to the beginning of testing. The room in which animals 
were housed had air and humidity control and was illuminated 
on a 12 L : 12 D cycle. 

Drugs 

Taurine, purchased from Sigma Chemical Co. (St. Louis, 
MO), was dissolved in distilled water in a concentration of 20 
mg/10 ml. Ethanol solutions in a concentration of 20070 v/v 
were prepared by mixing 95°7o ethanol in tapwater. 

Procedure 

Following 1-week adaptation to the laboratory conditions, 
animals were placed on a 23-h 40-rain water deprivation sched- 
ule. Water was presented to animals in stoppered plastic test 
tubes fitted with stainless steel spouts containing double ball 
bearings. The spouts were inserted through the wire mesh in 
front of the cages. Water consumption was measured to the 
nearest milliliter. The eighth day following the onset of the 
deprivation schedule constituted "pairing day 1." On this day, 
rats were presented with a 0.1 070 v/v sodium saccharin solution 
instead of the water during the 20 min fluid was presented to 
them. This saccharin solution represented the novel tasting 
fluid and the conditioned stimulus (CS), whose consumption 
in the CTA paradigm constituted the dependent variable. Fol- 

lowing the 20-min drinking session on pairing day 1, rats were 
randomly assigned to one of eight groups. The treatment given 
to the various groups is described below, however; all groups 
received, immediately following the drinking session, two IP 
injections in a drug dose that varied according to the group. 

Group S-E-0.8 (n = 8) received an injection of saline fol- 
lowed by an injection of ethanol in a dose of 0.8 g/kg. 

Group S-E-1.2 (n = 8) received an injection of saline fol- 
lowed by an injection of ethanol in a dose of 1.2 g/kg. 

Group S-E-1.6 (n = 8) received an injection of saline fol- 
lowed by an injection of ethanol in a dose of 1.6 g/kg. 

Group T-E-0.8 (n = 8) received an injection of taurine in a 
dose of 45 mg/kg followed by an injection of ethanol in a 
dose of 0.8 g/kg. 

Group T-E-I.2 (n = 8) received an injection of taurine in a 
dose of 45 mg/kg followed by an injection of ethanol in a 
dose of 1.2 g/kg. 

Group T-E-1.6 (n = 8) received an injection of taurine in a 
dose of 45 mg/kg followed by an injection of ethanol in a 
dose of 1.6 g/kg. 

Group S-S (n = 13), one of two control groups used in this 
study, received two injections of saline immediately follow- 
ing the end of the drinking session. 

Group T-S (n = 13), the second control group, received an 
injection of taurine (45 mg/kg) followed by an injection of 
saline. 

During a 5-day period following pairing day 1, the rats 
were, once again, presented with tapwater during the 20-min 
daily drinking sessions. Day 14 from the start of the fluid 
deprivation schedule constituted pairing day 2. On this day, 
rats in their various groups were treated in a manner identical 
to that employed on pairing day 1. Following pairing day 2, 
once again rats were presented with tapwater during their 20- 
min daily drinking session for a period of 5 days. Finally, day 
20 from the start of the experiment constituted "test day 1." 
On this day, rats were presented with a saccharin solution 
during their 20-min daily drinking session but no injections of 
any kind were administered following the drinking. A final 
5-day period during which tapwater was presented to animals 
followed test day 1. Day 26 from the start of the experiment 
constituted test day 2. On this day, animals were treated in a 
manner identical to that employed on test day 1. 

Blood Ethanol Determinations 

Forty-eight additional animals were used to determine 
whether taurine influenced the overall metabolism of ethanol 
at the intermediate dose of ethanol used in this study. Animals 
were injected with 1.2 g/kg ethanol and taurine (0.0 and 45 
mg/kg). These animals were then sacrificed by decapitation at 
15, 30, and 60 min postinjection. Trunk blood was collected 
and later assayed for ethanol levels by head space gas chroma- 
tography with a flame-ionization detector (11). 

RESULTS 

In line with the consensus in the field of CTA, saccharin 
intake data is expressed as percent change from baseline in- 
take. There were no differences in the ratio of saccharin intake 
on pairing day 1 to mean water intake on the day prior to that 
across all groups. Baseline constituted the saccharin intake 
scores on pairing day 1. Figure 1 illustrates the effects of 
taurine on the CTAs induced by several doses of ethanol. A 
three-way analysis of variance (ANOVA) with repeated mea- 
sures on the last factor (taurine × ethanol × testing days) 
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FIG. 1. Effect of taurine (45 mg/kg) on ethanol-induced conditioned taste aversion. 
Bars represent mean + SEM percentage change in the intake of saccharin on test days 
(P2T~T2) from that on pairing day 1 for animals treated with taurine or saline and 
ethanol (0.8, 1.2, and 1.6 g/kg). 

was conducted on mean percent change f rom baseline scores 
of  saccharin intake. Table 1 summarizes the data analysis fol- 
lowing the application of  the three-way ANOVA.  Specific 
comparisons  using Student 's  t-test were made using marginal 
means.  F rom these compar isons ,  one can see that  taurine in- 
teracted with ethanol  in a biphasic manner  dependent  upon 
the doses o f  ethanol .  Thus,  at 0.8 g /kg  ethanol  the taurine 
t reatment  significantly enhanced the effects o f  ethanol  to re- 
sult in a significant CTA (p  < 0.05). At  the intermediate eth- 
anol dose of  1.2 g /kg,  taurine significantly at tenuated the 
CTA induced by e thanol  (p  < 0.05). At  the high ethanol  dose 
of  1.6 g /kg,  taurine had no significant effect on the CTA 
induced by that  dose (p  > 0.05). 

Table 2 summarizes the data obtained on the effects o f  

TABLE 1 

SUMMARY TABLE OF THREE-WAY (ANOVA) WITH 
REPEATED MEASURES ON THE LAST FACTOR 

(TAURINE × ETHANOL × TESTING DAYS) 

Source of Variation d f  F p 

Taurine (T) 1 0.574 0.4514 
Ethanol (E) 3 59.472 0.0000 
T x E 3 5.303 0.0025 

Error 66 

Testing days (TD) 2 28.098 0.0000 
T × TD 2 0.006 0.9937 
E x TD 6 3.689 0.0020 
T x E × TD 6 0.665 0.6782 

Error 132 

taurine on blood ethanol  levels following administrat ion of  
the intermediate dose of  ethanol used in the experiment.  As 
can be seen f rom the table, taurine was not significantly differ- 
ent f rom saline in their effects on blood ethanol  levels at three 
time ihtervals following ethanol administrat ion (p  > 0.05). 

DISCUSSION 

The results obtained in the present study demonst ra te  that  
taurine by itself does not induce a CTA (see Fig. 1). On the 
other hand,  the results show a significant interaction between 
taurine and ethanol  in their effects on ethanol- induced CTA 
in rats. This interaction was biphasic in nature and dependent  
upon the specific dose of  ethanol used. At the lowest ethanol  
dose (0.8 g/kg) ,  which in itself resulted in a marginal CTA, 
taurine significantly enhanced the CTA induced by this dose. 
The intermediate ethanol dose of  1.2 g /kg  produced a signifi- 
cant CTA. This CTA was blocked by administrat ion of  tau- 
rine. Finally, the CTA produced by the high dose of  ethanol  

TABLE 2 

EFFECT OF TAURINE (0 AND 45 mg/kg) ON MEAN 
(mg/kg) PLASMA ETHANOL LEVELS + SEM AT DIFFERENT 

TIMES AFTER ETHANOL ADMINISTRATION (1.2 g/kg) 

Time (min) 

15 30 60 

Saline 1.46 + 0.11 1.72 + 0.14 1.16 +_ 0.04 
Taurine 1.36 + 0.12 1.64 ___ 0.12 1.10 + 0.08 

n = 8 per group. 



266 A R A G O N  A N D  A M I T  

(1.6 g /kg)  was not  affected by admin is t ra t ion  of  taur ine.  The 
dose of  taur ine  (45 mg/kg)  used in this the present  study was 
chosen on the basis of  results f rom several studies (3,4,10) 
demons t ra t ing  that  it was the opt imal  dose in effecting behav-  
ior. These da ta  are similar to those ob ta ined  in an  earlier s tudy 
(3) reported by us on the effects of  taur ine  on e thanol - induced  
motor  activity in mice. The da ta  ob ta ined  in this study to- 
gether with our  earlier study (3) suppor t  the f indings repor ted 
by other  invest igators tha t  taur ine  exerts a significant  effect 
on e thanol- induced behaviors  (4,10,13). Fur ther ,  the present  
study supports  our  f indings tha t  the in terac t ion between tau- 
rine and e thanol  is b iphasic  and  dependent  upon  the doses 
of  e thanol  (3) and  the effects of  taur ine  on  e thanol - induced  
behaviors  are not  restricted only to the narcot ic  effects of  
e thanol  and  in fact extend over  a wide range of  e thanol-  
induced changes in behavior .  In this context ,  it is impor t an t  
to note  tha t  the effects of  taur ine  in this s tudy could not  be 
ascribed to an  effect of  taur ine  on per ipheral  e thanol  metabo-  
lism. The da ta  ob ta ined  in this s tudy shows tha t  b lood e thanol  
levels measured  up to 60 min  fol lowing its admin i s t ra t ion  were 
not  affected by admin,~stration of  taur ine.  This f inding within 
the context of  the o ther  studies f rom this and  other  labora-  
tories (3,4,10,13) suggests tha t  the effects of  taur ine  on etha- 
nol- induced behaviors  are media ted central ly and  not  periph- 
erally. 

While at present  the precise mechan i sm under lying the in- 

teract ion between taur ine  and  e thanol  remains  unclear ,  the 
above  suggestion is somewhat  at variance with a repor t  by 
W a t a n a b e  et al. (15), who (16) observed tha t  taur ine  signifi- 
cantly reduced the rise in blood and  liver acetaldehyde tha t  
normal ly  followed e thanol  loading in rats. These au thors  (15) 
also reported tha t  an  increase in b lood  aceta ldehyde and  not  
e thanol  following e thanol  ingestion was also reduced by ad- 
min is t ra t ion  of  taurine.  W a t a n a b e  et al. (16,17) suggested tha t  
these effects of  taur ine  may be a result of  the act ivat ion of  
hepatic  aldehyde dehydrogenase  by taurine.  Given the large 
body of  evidence implicat ing acetaldehyde in the media t ion  of  
many  of  the psychopharmacologica l  propert ies  of  e thanol  
(1,2) together  with evidence that  inhibi t ion of  bra in  aldehyde 
dehydrogenase  activity modif ied e thanol- induced CTA (14), 
it is suggested that  this effect of  taur ine  on  the fo rma t ion  of  
aceta ldehyde th rough  act ivat ion of  aldehyde dehydrogenase  
could be the mechan ism underlying the results ob ta ined  in the 
present  study. However,  one must  note  tha t  this explanat ion 
still does not  completely account  for the facil i tat ion of  CTA 
observed with taurine-low-dose e thanol  adminis t ra t ion .  Sev- 
eral experiments  are now in progress in our  l abora tory  to 
examine this possibility. 
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