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FERKO, A. P. AND E. BOBYOCK. Effect of taurine on ethanol-induced sleep time in mice genetically bred for differ- 
ences in ethanol sensitivity. PHARMACOL BIOCHEM BEHAV 31(3) 667-673, 1988.--Long Sleep (LS) and Short Sleep 
(SS) mice were used in this study to investigate the interaction between ethanol and taurine. Sleep time (hypnosis) was 
selected as an index of ethanol-induced central nervous system depression. In order to achieve a similar degree of central 
nervous system depression with ethanol, SS and LS mice received 5.3 and 3.0 g/kg, IP, of ethanol, respectively. When 
taurine (7.5, 15 and 25 p.mol/kg) was administered intracerebroventricularly (ICV) to LS and SS mice immediately after 
regaining the righting reflex following ethanol injection, a return to sleep time was produced. This effect of taurine was 
immediate in onset and occurred in a dose-dependent fashion. LS mice exhibited a greater effect from taurine administra- 
tion than SS mice. In another experiment LS and SS mice were given ICV TAG, a taurine antagonist (6-aminomethyl-3- 
methyl-4H- 1,2,4-benzothiadiazine- 1,1-dioxide HC1), which significantly reduced the effect of taurine to produce a return to 
sleep time in the presence of ethanol. TAG did not affect ethanol-induced sleep time. In control experiments, in the 
absence of ethanol, neither taurine (25 tzmol/kg, ICV) nor TAG (! p.mol/kg, ICV) caused a significant loss of the righting 
reflex (sleep time). When pentobarbital (50 mg/kg, IP) was injected instead of ethanol in the sleep time experiments, taurine 
(7.5, 15 and 25 tzmol/kg, ICV) produced a return to sleep time in LS and SS mice that resembled the effect of taurine with 
ethanol in SS mice. These results indicate that taurine (ICV) can enhance the central depressant action of ethanol and 
pentobarbital and that the greatest effect of taurine occurred with LS mice in the presence of ethanol. It is possible that 
taurine may have some role in the central nervous system depressant properties of ethanol. 

Ethanol Taurine Pentobarbital Sleep time Taurine antagonist Long Sleep mice 
Short Sleep Mice 

TAURINE,  a sulfur-containing amino acid, is found in the 
brain in high concentrations and widely, but unevenly dis- 
tributed (3, 16, 44). It is suggested that taurine may function 
in the modulation of  transmission (22,25) or as a neuro- 
transmitter in the central nervous system (26, 40, 48). Sev- 
eral earlier investigations have examined the interaction be- 
tween taurine and ethanol. Taurine decreases ethanol- 
induced sleep time when ethanol and taurine are injected by 
the IP route to mice (2,23). Another report, however, shows 
that taurine fails to alter sleep time of ethanol injection when 
both drugs are given by IP administration (37). Since taurine 
has a depressant effect in the central nervous system (4,40), 
recent studies indicate an interaction between taurine and 
ethanol when taurine is injected by the ICV route. Ethanol- 
induced sleep time is prolonged in a dose-dependent fashion 
by the ICV injection of taurine to Sprague-Dawley rats (35). 
In another investigation the central depressant properties of 
ethanol are enhanced by the ICV administration of  taurine to 
Swiss-Webster mice (13). In addition, TAG, a taurine 
antagonist (6-aminomethyl-3-methyl-4H- 1,2,4-benzothiadia- 

zine-1,1-dioxide HC1), attenuates the effect of taurine to pro- 
long ethanol-induced sleep time. 

This present investigation involves a study with LS and 
SS mice and the interaction of  ethanol with taurine alone and 
in combination with TAG, a taurine antagonist (48). In order 
to explore the possible relationship between taurine and 
ethanol, mice selectively bred for differential sensitivity to 
ethanol are used (29,30). These selectively bred mice, the 
so-called ethanol sensitive, LS, and the ethanol insensitive, 
SS, differ in the central nervous system sensitivity to the 
depressant effects of ethanol. The hypothesis of this study is 
that since LS mice are more sensitive to the depressant ef- 
fect of ethanol than SS mice, the LS mice should exhibit a 
greater response than SS mice to the ICV administration of 
taurine in the presence of ethanol. In this investigation LS 
and SS mice are injected ICV with taurine after the adminis- 
tration of ethanol (IP). Sleep time is used as an index of 
central nervous system depression. It is the intent of this 
investigation to add further corroborative information on the 
central effect of  taurine in the presence of ethanol using LS 
and SS mice. 

1This work was supported by U.S. Public Health Service Grant AA06793. 
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METHOD 

LS and SS mice (approximately 45 days old) were ob- 
tained from the Institute for Behavioral Genetics of the Uni- 
versity of Colorado at Boulder. LS and SS mice of the 42nd, 
43rd and 44th generations were used in these experiments. 
Animals were housed for 2 weeks prior to experimentation at 
21±1°C with a light cycle from 6:00 a.m. to 6:00 p.m. The 
mice had free access to Purina Laboratory Chow and water. 
Experiments were performed at the same time period (9:00 
to 11:00 a.m.) so that time of day was reduced as an experi- 
mental variable. All animals were fasted 16 hr prior to drug 
or saline (0.9% NaC1) injection but water was available 
ad lib. 

Ethanol solutions for injection were prepared from 95% 
ethanol in saline. Taurine was purchased from Sigma Chemi- 
cal Co. (St. Louis, MO). TAG, 6-aminomethyl-3-methyl-4H- 
1,2,4-benzothiadiazine-l,l-dioxide HCI, was a gift (Merck 
Sharp and Dohme Research Laboratories, Rahway, N J). So- 
lutions of taurine and TAG were prepared in saline and ad- 
justed to pH 7.0 with 0.01 N NaOH solution (35). Alcohol 
dehydrogenase (yeast) and nicotinamide-adenine dinucleo- 
tide were purchased from Calbiochem Biochemicals, Behr- 
ing Diagnostics (San Diego, CA). All other chemicals were 
obtained from commercial sources and were of analytical 
grade. 

Sleep 77me E~periments With Ethanol (IP) and Taurine 
(ICY) 

Sleep time (hypnosis) was used as an index of ethanol- 
induced central nervous system depression and was meas- 
ured as the time interval between the loss of the righting 
reflex. The gain of the righting reflex required that the animal 
be able to reright itself 3 times within 1 min, after again being 
placed on his back. In addition the onset of hypnosis (time 
interval between ethanol injection and loss of the righting 
reflex) was recorded. 

Preliminary experiments were performed to determine 
the dose of ethanol for LS and SS mice that caused a sleep 
time of approximately 60_+ 10 min in each strain so that the 
mice would exhibit a similar degree of central nervous sys- 
tem depression. The two doses of ethanol were used 
throughout the study, since assessment of the effect of an- 
other drug would be confounded by the temporal difference 
in sleep time caused by ethanol when the same dose was 
administered to LS and SS mice (6). 

This experiment was designed to determine if an injection 
of taurine, intracerebroventricularly, could enhance the de- 
gree of central nervous system depression and return LS and 
SS mice to a state of hypnosis (sleep time) when taurine was 
given at the end of the ethanol*induced sleep time (13). Intra- 
cerebroventricular (ICV) injection of drug was administered 
using a previously described method (41). The procedure 
involved cutting the scalp of an anesthetized mouse and in- 
jecting (at depth of 3 mm) 2 mm caudal and 2 mm lateral to 
Bregma using a Hamilton microliter syringe with a 26 gauge 
needle of 3/8 inch. Drug solutions were injected slowly into 
the ventricle over a period of approximately 20 sec. The 
correct position of the injection was verified at autopsy by 
using trypan blue dye. 

Ethanol was administered (IP) to LS and SS mice. 
Twenty minutes after the loss of the righting reflex a 26 
gauge needle was used to enter the ventricle of the brain of 
the ethanol-anesthetized mouse but no saline or drug solu- 
tion was given at this time, since this was the preparatory 

step for ICV drug administration (13). Immediately after the 
animals regained the righting reflex, LS or SS mice received 
an ICV injection of saline or taurine (7.5, 15 or 25 ~mol/kg) in 
a volume of 5 /xl. The ethanol (ETOH) sleep time was de- 
termined from the loss of the righting to the gain of the right- 
ing reflex after ethanol injection (IP). A second sleep time 
was recorded and called the TAU Return to Sleep Time. The 
TAU (taurine) return to sleep time was measured from the 
loss of the righting reflex to the gain of the righting reflex 
after taurine or saline administration (ICV). Blood samples 
(20 tzl) were taken from the orbital sinus of LS and SS mice 
when they regained the righting reflex after the administra- 
tion of saline or taurine. An enzymatic method (28) was used 
to measure blood ethanol concentrations. 

The next experiments were done to determine if taurine 
or TAG by itself could induce a loss of the righting reflex 
(sleep time) in LS and SS mice. Mice were given saline (0.02 
ml/g, IP) and then 50 rain later the mice were lightly 
anesthetized with ether and injected, ICV (5 /zl) as previ- 
ously described (41) with saline or taurine (25/zmol/kg). In 
another experiment LS and SS mice were administered 
saline (0.02 ml/g, IP) and then 20 min later were lightly 
ether-anesthetized for ICV injections (5 tzl) of TAG (1.0 
p, mol/kg) or saline. The mice were observed for 1 hr after 
drug administration. 

Experiments With Ethanol (IP), Taurine (ICV) and TAG 
(ICV) 

In these experiments TAG, a taurine antagonist, was 
given to LS and SS mice to note if TAG could attenuate the 
effect of taurine in the presence of ethanol. The dose of TAG 
that was selected, did not induce any behavioral effects by 
itself. LS and SS mice were given ethanol, IP, and then an 
ICV injection (5 /zl) of saline or TAG (1.0 p~mol/kg) was 
administered 20 min after the loss of the righting reflex from 
ethanol administration. Upon the return of the righting reflex 
following ethanol administration, mice were immediately in- 
jected ICV (5/zl) with taurine (15/zmol/kg) or a taurine-TAG 
solution. The taurine-TAG solution contained taurine and 
TAG at a concentration of 15 tzmol/kg and 1.0 tzmol/kg, 
respectively. Blood samples for ethanol assay were obtained 
from the orbital sinus of mice when they regained the right- 
ing reflex after the administration of taurine or the taurine- 
TAG solution. 

Experiments With Pentobarbital (IP) and Taurine (ICV) 

LS and SS mice were administered pentobarbital (50 
mg/kg, IP). Twenty minutes after the loss of the righting 
reflex a 26 gauge needle was used to enter the ventricle of the 
brain of the pentobarbital-anesthetized mouse but no saline 
or drug was given at this time, since this was the preparatory 
step for ICV drug injection. Immediately after the animals 
regained the righting reflex, LS or SS mice received an ICV 
injection (5/zl) of saline or taurine (7.5, 15 or 25/xmol/kg). 
The duration of the loss of the righting reflex after ICV in- 
jection was recorded (return to sleep time). 

In the final experiment pentobarbital at a dose of 60 
mg/kg, IP, was administered to LS and SS mice to determine 
if a higher dose of pentobarbital would show differences for 
pentobarbital-induced sleep time in LS and SS mice. 

Statistical Analysis 

Significant differences were determined by analysis of 
variance (ANOVA). All multiple comparisons with a control 
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T A B L E  1 

EFFECTS OF TAURINE (TAU, ~.mol/kg, ICV) TO PRODUCE A RETURN TO SLEEP TIME IN 
SHORT SLEEP AND LONG SLEEP MICE IMMEDIATELY AFTER REGAINING THE 

RIGHTING REFLEX FOLLOWING ETHANOL (ETOH, IP) INJECTION 

Onset to TAU Return 
Sleep ETOH Sleep to Sleep Blood ETOH 

Treatment N (sec) Time (rain) Time (min) (mg/ml) 

Short Sleep Mice 

ETOH + Saline 12 I01 _+ 5* 49.1 ± 4.4 0.4 ± 0.2 4.50 ± 0.07 
(controls) 

ETOH + TAU 8 105 ± 4 52.1 ± 6.5 5.3 ± 1.1 4.46 ± 0.10 
(7.5) 

ETOH + TAU 6 102 ± 5 46.5 ± 5.0 10.8 _+ 1.9 4.37 ± 0.14 
(15.0) 

ETOH + TAU 9 112 ± 6 46.3 ± 4.5 25.4 _+ 4.7-~$ 4.62 ± 0.10 
(25.0) 

Long Sleep Mice 

ETOH + Saline 12 106 ± 3 59.0 _+ 2.0 0.4 ± 0.2 2.53 _+ 0.07 
(controls) 

ETOH + TAU 8 101 ± 2 55.6 ± 3.0 27.1 ± 3.7t§ 2.49 ± 0.04 
(7.5) 

ETOH + TAU 9 108 ± 4 48.5 + 2.0 41.3 ± 3.6t§ 2.20 _+ 0.04t¶ 
(15.0) 

ETOH + TAU 9 109 -+ 6 57.6 ± 3.0 95.2 ± 9.3t$§ 2.14 _+ 0.07t¶ ~ 
(25.0) 

*Means _+ S.E. 
tSignificantly different from corresponding controls (p<0.01). 
~:Significantly different from corresponding TAU (7.5 and 15.0) groups (p<0.05). 
§Significantly different from corresponding treatment in SS mice Ip<0.01). 
¶Significantly different from corresponding TAU (7.5) group (p<0.05). 

and compar isons  among the exper imenta l  groups were  done 
by A N O V A  fol lowed by Schef fe ' s  Test.  In addition two-way 
Analysis  of  Variance was done on the data  to determine if 
strain of  the animal was a factor  in the exper imental  results. 
Bar t le t t ' s  test showed homogenei ty  o f  variance.  

RESULTS 

Since it was decided in this study to produce a similar degree 
of  central  nervous  system depression (sleep time) from 
ethanol  administrat ion in SS (less sensit ive to ethanol) and 
LS (more sensit ive to ethanol)  mice,  prel iminary experi-  
ments were  performed to determine the doses of  ethanol  for 
each  group of  mice which caused a sleep t ime of  approx- 
imately 60___ 10 min. The doses  o f  ethanol  eventual ly  selected 
were  5.3 and 3.0 g/kg, IP, for SS and LS mice,  respect ively.  
In Table 1 taurine was given at var ious doses by the ICV 
route  to SS or  LS mice immediate ly  after the animals re- 
gained the righting reflex fol lowing ethanol  administration. 
The taurine return to sleep t ime was determined from the 
loss of  the righting reflex after the ICV injection of  taurine in 
the presence  o f  ethanol.  Taurine produced a dose-dependent  
return to sleep time. The onset  of  taur ine 's  effect occurred 
immediate ly  after comple t ion  of  the ICV injection. The 
greatest  effect  on the return to sleep t ime with the adminis- 
trat ion of  taurine occur red  in LS mice that rece ived  the 25 
/zmol/kg dose.  There was a 275% increase in the return to 
sleep t ime when LS mice were  compared  with SS mice that 

were  given taurine at 25 /zmol/kg. Two-way  Analysis of  
Variance indicates a significant difference (p<0.001) be- 
tween strains (LS and SS mice) in the taurine-ethanol  inter- 
action. In addition analysis of  the data by Bart le t t ' s  test 
shows homogenei ty  of  variance.  The highest dose of  taurine 
produced a respiratory depressant  effect that lasted for sev- 
eral minutes.  Two SS mice died from this dose of  taurine. 
Blood ethanol  levels were  determined at the end of  the return 
to sleep time for both LS and SS mice. 

The  results in Table 2 show that TAG,  a taurine 
antagonist ,  a t tenuated the effect o f  taurine in both SS and LS 
mice.  T A G  (1.0/zmol /kg,  ICV) was given 20 min after the 
loss o f  the righting reflex following ethanol  injection. At the 
end of  the ethanol- induced sleep t ime control  mice received 
taurine (15 /zmol/kg, ICV) and treated mice were  injected 
with a taur ine-TAG solution. The antagonism of  taurine- 
induced return to sleep t ime was 54 and 56% in SS and LS 
mice,  respect ively.  

Exper iments  were  performed to determine the effect of 
taurine and T A G  in the absence of  ethanol  when these drugs 
were  administered,  ICV, to LS and SS mice.  In LS mice the 
controls  (saline), T A G  group (1/zmol/kg) and taurine-treated 
mice (25/xmol/kg) had a sleep t ime of  1.7___0.4, 0.5-+0.5 and 
3.4-+ 1.0 min, respect ively .  Similar results were  obtained in 
SS mice in that when taurine or  T A G  results were  compared  
with their appropriate controls  there were  no significant 
differences.  In SS mice the controls  (saline), T A G  group (1 
/xmol/kg) and taurine-treated mice (25 /xmol/kg) exhibi ted a 
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TABLE 2 

EFFECT OF TAG, A TAURINE ANTAGONIST (TAG, 1 /xmol/kg, ICV) ON THE 
RETURN TO SLEEP TIME INDUCED BY TAURINE (TAU, 15/xmol/kg, ICV) IN THE 

PRESENCE OF ETHANOL (ETOH, IP) 

Treatment 

Onset to TAU Return 
Sleep ETOH Sleep to Sleep Blood ETOH 

N (sec) Time (min) Time (min) (mg/ml) 

ETOH + 
Saline + 
TAU 

ETOH + 7 
TAG + 
(TAU-TAG) 

Short* Sleep Mice 

6 100 _+ 6:I: 67.8 _+ 5.2 15.3 ± 1.2 4.18 ± 0.04 

99 _+ 3 72.0 ± 8.0 7.0 ± 1.4§ 4.03 _+ 0.08 

ETOH + 7 121 ± 6 
Saline + 
TAU 

ETOH + 6 122 _+ 5 
TAU + 
(TAU-TAG) 

Long+ Sleep Mice 

56.7 ± 1.6 43.5 ± 2.1 2.30 + 0.03 

54.3 ± 5.3 19.2 ± 2.4§ 2.28 + 0.06 

*ETOH dose is 5.3 g/kg. 
tETOH dose is 3.0 g/kg. 
:]:Means ± S.E. 
§Significantly different from corresponding controls (p<0.01). 

sleep time of 0.3-+0.3, 0.5-+0.3 and 0.8___0.3 min, respec- 
tively. When the taurine data for SS mice are compared with 
the taurine data for LS mice there is a significant difference 
(p<0.05). For controls (saline, ICV) the sleep time results 
are different (SS mice=0.3-+0.3; LS mice= 1.7-+0.4 min) and 
the results are different for taurine injection (SS 
mice=0.8_0.3;  LS mice=3,4-+l.0 min). Although these 
sleep times are statistically significant, they are so short in 
time, that this effect of  taurine alone is not responsible for 
the results when taurine is injected in the presence of 
ethanol. Each group contained 4-5 animals. No differences 
in behavior were observed when taurine or TAG-treated 
mice were compared with controls for 1 hr postinjection. 

The interaction between pentobarbital (50 mg/kg, IP) and 
various doses of taurine in SS and LS mice is shown in Table 
3. Taurine was given, ICV, immediately after the mice re- 
gained the righting reflex following pentobarbital injection. 
In both SS and LS mice taurine produced a return to sleep 
time. When taurine at 25 t~mol/kg was administered (ICV) to 
LS mice, the effect on return to sleep time appeared to 
plateau and was similar to the results (return to sleep time) 
that occurred with taurine at 15 ~zmol/kg in LS mice. The 
results for the 25 p~mol/kg dose of taurine in LS mice were 
confirmed by repeating the experiment. 

When the data for the onset to sleep time and the duration 
of  sleep time from the administration of  pentobarbital (50 
mg/kg, IP) to SS (n=34) and LS (n=43) mice were compared 
with each other, these values were significantly different 
(SS, onset=306__+ll, duration=72.9-+4.0 min; LS, on- 
set=216___5, duration=51.7-+ 1.2 min; p<0.01). In addition, 
during the sleep time period most SS mice exhibited move- 
ments of their limbs and a whipping motion of the tail was 
observed in some mice. The SS mice appeared to be in a 

" l ight"  sleep. None of these behavioral movements were 
seen in LS mice during the loss of the righting reflex follow- 
ing pentobarbital injection. 

In SS mice taurine administration (25 /xmol/kg, ICV) at 
the end of the pentobarbital-induced sleep time caused con- 
vulsive activity (tonic) and a rolling motion of  the body that 
lasted approximately one minute and then produced a return 
to sleep time for approximately 30 min. This taurine-induced 
convulsive activity did not occur in LS mice, although two 
LS mice died from the injection of the highest dose of 
taurine. 

In an experiment in which pentobarbital at 60 mg/kg, IP 
was administered to SS (n=12) and LS (n=12) mice, the 
onset to sleep time and the duration of sleep time were signif- 
icantly different in each group. The longer onset to sleep 
time (sec) occurred in SS mice (SS mice=241.6+6.3; LS mice 
= 171.6-+5.4;p<0.01) and also a longer duration of sleep time 
(min) was induced by pentobarbital in SS mice (SS 
mice= 137.7 + 11.4; LS mice=76.6-+4.2;p <0.01). No unusual 
behavioral effects were observed in LS or SS mice with this 
higher dose of pentobarbital. 

The data for taurine to produce a return to sleep time in 
the presence of  ethanol (Table 1) and pentobarbital (Table 3) 
in LS and SS mice indicate that the greatest effect from 
taurine administration (7.5, 15.0 and 25.0 p.mol/kg, ICV) is 
exhibited by LS mice in the presence of ethanol. 

DISCUSSION 

In this investigation taurine enhances the depressant 
properties of ethanol by reinstating a sleep time period in LS 
and SS mice. The taurine return to sleep time occurs in a 
dose-dependent fashion in the presence of  ethanol. In Table 
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TABLE 3 
EFFECT OF TAURINE (TAU,/zmol/kg, ICV) TO INDUCE A 

RETURN TO SLEEP TIME IN SHORT SLEEP AND LONG SLEEP 
MICE IMMEDIATELY AFTER REGAINING REFLEX FOLLOWING 

PENTOBARBITAL (PEN, 50 mg/kg, IP) ADMINISTRATION 

Treatment N 

Onset to Pen Sleep TAU Return To 
Sleep Time Sleep Time 
(sec) (rain) (min) 

Short Sleep Mice 

PEN + Saline 8 365 +_ 18" 69.1 - 6.1 0_+ 0 
(controls) 

PEN + TAU 8 271 _ 13 79.9-+ 7.6 3.8 _+ 0.9 
(7.5) 

PEN +TAU 9 305 ___ 26 82.2 -+ 11.3 11.4 +_ 2.4t 
(15.0) 

PEN + TAU 9 295 _+ 19 61.2 -+ 4.2 32.1 _+ 4.2~§ 
(25.0) 

Long Sleep Mice 

PEN + Saline 11 226 _+ 16 53.3 -+ 2.1 0.11 _+ 0.11 
(controls) 

PEN +TAU 8 195 +_ 5 47.5 _+ 3.0 10.8 _+ 3.5 
(7.5) 

PEN + TAU 8 226 _+ 12 53.0 _+ 1.7 20.7 _+ 2.2t¶ 
(15.0) 

PEN + TAU 16 209 _+ 10 51.6 -+ 2.2 23.0 _+ 2.65 
(25.0) 

*Means _+ S.E. 
tSignificantly different from corresponding controls (0<0.05). 
¢Significantly different from corresponding controls (0 <0.01). 
§Significantly different from corresponding TAU (7.5 and 15) 

groups (0<0.05). 
¶Significantly different from corresponding treatment in SS mice 

(0<0.05). 

1 the blood ethanol levels for SS mice are not significantly 
different for the various treatment groups because the time 
period is relatively short (approximately 25 min) to detect 
any significant changes in the biotransformation of ethanol. 
In the group of LS mice there is, however, a significant 
difference in blood ethanol levels for some of the treatment 
groups, since there is sufficient time for noticeable bio- 
transformation of ethanol to occur. The disappearance of 
ethanol from the blood is not altered by the presence of 
taurine in the animals since it is reported that taurine does 
not affect blood ethanol levels or brain concentrations of 
ethanol (24). 

This study supports other works in which an ethanol- 
taurine interaction is demonstrated after ICV injection of 
taurine in Sprague-Dawley rats (35) and Swiss Webster mice 
(13). Also, TAG, a taurine antagonist, attenuates the effect 
of taurine to produce a return to sleep time (13,35). The 
mechanism by which TAG antagonizes the effect of taurine 
appears to be noncompetitive in nature (13). 

LS and SS mice were selected for this research project 
because of their differences in sensitivity to the central nerv- 
ous system effects of ethanol (29,35). The metabolism of 
ethanol in LS and SS mice does not appear to be responsible 
for the behavioral differences observed in these mice (17,19). 
Several studies show that various neurotransmitters and 

other substances when injected into LS and SS mice in the 
presence of ethanol produce quantitatively different effects 
(9, 33, 34, 38). For example, Masserano and Weiner (34) 
suggest that the neurochemical mechanisms mediating 
differences in ethanol sensitivity in LS and SS mice are due 
to differences in the catecholaminergic and possibly the 
cholinergic neuronal systems. Although their work with 
gamma-aminobutyric acid and picrotoxin does not indicate 
any differences in responses between LS and SS mice result- 
ing from the administration of these drugs, other inves- 
tigators have shown some evidence for the involvement of 
the GABAergic system (33). From their work with LS and 
SS mice, Martz et al. (33) suggest that increased GABA 
sensitivity and enhanced ethanol sensitivity may be casually 
related. The reason for lack of effects observed in LS and SS 
mice with GABA drugs and ethanol in the other study (34) 
may be related to insufficient dosage of GABA and the use of 
only one dose of picrotoxin (33). 

Evidence suggests that ethanol enhances GABA 
receptor-mediated chloride transport in rat synaptoneuro- 
somes (47) and this action of ethanol is antagonized by 
Ro15-4513, an imidazobenzodiazepine derivative that is a 
benzodiazepine receptor inverse agonist (46). In a recent 
study muscimol-stimulated chloride uptake into brain vesi- 
cles derived from LS and SS mice shows that muscimol is 
more potent in stimulating chloride uptake in LS mice as 
compared with SS mice (1). It is suggested that genetic 
differences in LS and SS mice to ethanol-induced sleep time 
may be related to differences in the GABA receptor- 
mediated chloride transport. 

Pentobarbital was the other central nervous system de- 
pressant that was used in this study. Our work shows that SS 
mice exhibit the greater response to the administration of 
pentobarbital, particularly at the higher dose. Most other 
investigators also report that SS mice are more sensitive to 
pentobarbital (7, 39, 45). Even the original work of Erwin et 
al. (8) which demonstrates no significant difference in sleep 
time between LS and SS mice, does show that SS mice have 
a longer sleep time when the data are reanalyzed (31). When 
muscimol-stimulated chloride uptake into brain vesicles de- 
rived from LS and SS mice is examined in the presence of 
pentobarbital, the results indicate a similar effect of pen- 
tobarbital on chloride flux in both LS and SS mice (1). Al- 
though it appears that SS mice are more sensitive to pento- 
barbital-induced sleep time, the difference in sleep time is 
probably related to differences in the biotransformation of 
pentobarbital (7,19). 

Taurine can produce hypothermia in animals (20) and its 
hypothermic effect should be considered in the interpreta- 
tion of the results that are presented. It is reported that 
hypothermia may be a factor in the biochemical effects at- 
tributed to ethanol (15) and that changes in body temperature 
alters the pharmacological effects of ethanol (27,42). Al- 
though it has been indicated that ethanol-induced hypo- 
thermia may influence the effects of ethanol, other results in 
the literature show that hypothermia appears to be an inde- 
pendent effect. Hypothermia is without effect on 1) reducing 
the hyperglycemic response to ethanol (49), 2) behavioral 
performance due to ethanol (32), 3) central nervous system 
depression from ethanol administration (18), 4) the rate of 
ethanol disappearance from the blood (10,11), and 5) 
ethanol-induced reduction of cerebellar cGMP (12). In addi- 
tion, brain sensitivity to ethanol increases as body tempera- 
ture is elevated (14). The induction of hypothermia by 
taurine would therefore reduce sleep time in animals and not 
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e x t e n d  it, if the  sole pha rmaco log ica l  effect  of  t aur ine  in- 
vo lved  hypo the rmia .  H o w e v e r ,  the  pha rmaco log ica l  effects  
o f  t aur ine  a p p e a r  to be  more  complex .  

This  p r e sen t  inves t iga t ion  shows  tha t  t aur ine  can  in te rac t  
wi th  e thano l  to e n h a n c e  the  cen t ra l  n e r v o u s  sys t em de- 
p r e s s a n t  p roper t i e s  o f  e thano l  and  the  g rea t e r  effect  occurs  
in LS mice.  A l t h o u g h  the  exac t  m e c h a n i s m  of  the  e thanol -  
t aur ine  in te rac t ion  is u n k n o w n ,  some ev idence  suggests  tha t  
it may  have  a poss ib le  re la t ionsh ip  to the  G A B A e r g i c  sys t em 
(5, 36, 43). In add i t ion  the  effect  o f  t aur ine  on  m e m b r a n e s  

may  also be  cons ide red ,  s ince the  phys i cochemica l  proper-  
t ies of  taur ine  sugges t  tha t  it in te rac t s  wi th  phospho l ip ids  
(21). Fu tu re  e x p e r i m e n t s  a long these  l ines may  prov ide  
fu r the r  in fo rmat ion  abou t  the  pha rmaco log ic  effects  of this  
unique  amino  acid. 

ACKNOWLEDGEMENTS 

The authors thank Mrs. Linda Bush and Mrs. Colleen Healy for 
their assistance and typing of the manuscript. Our appreciation is 
also extended to Dr. Harvey Kushner for his assistance. 

REFERENCES 

I. Allan, A. M.; Harris, R. A. Gamma-aminobutyric acid and 
alcohol actions: Neurochemical studies of long sleep and short 
sleep mice. Life Sci. 39:2005-2015; 1986. 

2. Boggan, W. O.; Medberry, C.; Hopkins, D. H. Effect of taurine 
on some pharmacological properties of ethanol, Pharmacol. 
Biochem. Behav. 9:469-472; 1978. 

3. Collins, G. C. S. Rate of synthesis, uptake and disappearance of 
[14C] taurine in eight areas of rat central nervous system. Brain 
Res. 76:447-459; 1976. 

4. Curtis, D. R.; Hosli, L.; Johnston, G. A. R. A pharmacological 
study of the depression of spinal neurons by glycine and related 
aminoacids. Exp. Brain Res. 6:1-18; 1968. 

5. Curtis, D. R.; Johnston, G. A. R. Amino acid transmitter in 
mammalian nervous system. Ergeb. Physiol, 69:97-188; 1974. 

6. Dudek, B. C.; Abbott, M. E.; Garg, A.; Phillips, T. J. Apomor- 
phine effects on behavioral responses to ethanol in mice selec- 
tively bred for differential sensitivity to ethanol. Pharmacol. 
Biochem. Behav. 20:91-94; 1984. 

7. Dudek, B. C.; Abbott, M. E.; Phillips, T, J. Stimulant and de- 
pressant properties of sedative-hypnotics in mice selectively 
bred for differential sensitivity to ethanol. Psychopharmacology 
(Berlin) 82:46-51; 1984. 

8. Erwin, V. G. ; Heston, W. D. W. ; McClearn, G. E. : Deitrich, R. 
A. Effect of hypnotics on mice genetically selected for sensitiv- 
ity to ethanol. Pharmacol. Biochem, Behav. 4:67%683; 1976. 

9. Erwin, V. G.; Korte, A.; Marty, M. Nenrotension selectively 
alters ethanol-induced anesthesia in LS/Ibg and SS/Ibg lines of 
mice. Brain Res. 400:80--90; 1987. 

10. Ferko, A. P.; Bobyock, E, Physical dependence on ethanol: 
rate of ethanol clearance from the blood and effect of ethanol on 
body temperature in rats. Toxicol. Appl. Pharmacol. 46:235- 
248; 1978. 

11. Ferko, A. P.; Bobyock, E. Rates of ethanol disappearance from 
blood and hypothermia following acute and prolonged ethanol 
inhalation. Toxicol. Appl. Pharmacol. 50:417-427; 1979. 

12. Ferko, A. P.; Bobyock, E. Regional rat brain content of 
adenosine 3',5'-cyclic monophosphate and guanosine 3',5'- 
cyclic monophosphate after acute and subacute treatment with 
ethanol. Toxicol. Appl. Pharmacol. 64:447-455; 1982. 

13. Ferko, A. P. Ethanol-induced sleep time: Interaction with 
taurine and a taurine antagonist. Pbarmacol. Biochem. Behav. 
27:235-238; 1987. 

14. Finn, D. A.; Boone, D. C.; Alkana, R. L. Temperature depend- 
ence of ethanol depression in rats. Psychopharmacology (Ber- 
lin) 90:185-189; 1986. 

15. Freund, G. Ethanol-induced changes in body temperature and 
their neurochemical consequences. In: Majchrowicz, E.; No- 
ble, E., eds. Pharmacology of ethanol, vol. II. New York: 
Plenum; 1979:43%452. 

16. Guidotti, A.; Badiani, G.; Pepeu, G. C. Taurine distribution in 
rat brain. J. Neurochem. 19:431-435; 1972. 

17. Heston, W. D. W.; Erwin, V,; Anderson, S. M. Robbins, H. A 
comparison of the effects of alcohol on mice selectively bred for 
differences in ethanol sleep time. Life Sci. 14:365-370; 1974. 

18. Hoffman, P. L.; Tabakoff, B.; Szabo, G.; Suzdak, P. D.; Paul, 
S. M. Effect of an imidazobenzodiazepine, Ro15-4513, on in- 
coordination and hypothermia produced by ethanol and pen- 
tobarbital. Life Sci. 41:611-619; 1987. 

19. Howerton, T. C.; O'Connor, M. F.; Collins, A. C. Differential 
effects of long-chain alcohols in long- and short-sleep mice. 
Psychopharmacology (Berlin) 79:313-317; 1983. 

20. Hruska, R. E.; Thut, P, D.; Huxtable, R. J.; Bressler, R. 
Hypothermia produced by taurine. In: Huxtable, T. J.; Bar- 
beau, A. eds. Taurine. New York: Raven Press; 1976:347-356. 

21. Huxtable, R. Metabolism and function of taurine in the heart. 
In: Huxtable, R.; Barbeau, A., eds. Taurine. New York: Raven 
Press; 1976:9%120. 

22. Huxtable, R. J.; Bressler, R. Taurine concentration in conges- 
tive heart failure. Science 84:1187--1188; 1974. 

23. Iida, S.; Hikichi, M. Effect of taurine on ethanol-induced sleep 
time in mice. J. Stud. Alcohol 37:1%26; 1976. 

24. Iwata, H.; Matsuda, T.: Lee, E.; Yanmagami, S.; Baba, A. 
Effect of ethanol on taurine concentrations in the brain. Ex- 
perientia 36:332-333; 1980. 

25. Kuriyama, K.; Muramatsu, M.; Kakagawa, K.; Kakita, K. 
Modulating role of taurine on release of neurotransmitters and 
calcium transport in excitable tissue. In: Barbeau, A., Huxta- 
ble, R. J., eds. Taurine and neurological disorders. New York: 
Raven Press; 1978:201-216. 

26. Leach, M. J. Effect of taurine on release of [:~H] GABA by 
depolarizing stimuli from superfused slices of rat brain cerebral 
cortex in vitro. J. Pharm. Pharmacol. 31:533-535; 1979. 

27. Lyon, R, C.; McComb, J. A.; Schreurs, J.; Goldstein, D. B. A 
relationship between alcohol intoxication and the disordering of 
brain membranes by a series of short chain alcohols. J. Phar- 
macol. Exp. Ther. 218:66%675; 1981. 

28. Lundquist, F. The determination of ethyl alcohol in blood and 
tissues. Methods Biochem. Anal. 7:217-251; 1959. 

29. McClearn, G. E.; Kakihana, R. Selective breeding for ethanol 
sensitivity in mice. Behav, Genet. 3:40%410; 1973. 

30. McClearn, G. E.; Kakihana, R. Selective breeding for ethanol 
sensitivity: Short sleep and long sleep mice. In: McClearn, G. 
E.; Deitrich, R. A.; Erwin, V., eds. Development of animal 
models as pharmacogenetic tools. Washington, DC: U.S. Gov- 
ernment Printing Office; 1981 : 147-159. 

31. McIntyre, T. D. ; Alpern, H. P. Reinterpretation of the literature 
indicates differential sensitivity of long-sleep and short-sleep 
mice are not specific to alcohol. Psychopharmacology (Berlin) 
87:37%389; 1985. 

32. Maickel, R. P.; Nash, J. F., Jr. Drug interaction with ethanol: 
effects on body temperature and motor impairment. Neuro- 
pharmacology 25:315-322; 1986. 

33. Martz, A. ; Deitrich, R. A. ; Harris, R. A. Behavioral evidence or 
the involvement of y-aminobutyric acid in the action of ethanol. 
Eur. J. Pharmacol. 89:53-62; 1983. 

34. Masserano, J, M.; Weiner, N. Investigations into the neuro- 
chemical mechanisms mediating differences in ethanol sensitiv- 
ity in two lines of mice. J. Pharmacol. Exp. Ther. 221:404--409; 
1982. 



E T H A N O L  A N D  T A U R I N E  673 

35. Mattucci-Schiavoni, L.; Ferko, A. P. Acute effects of taurine 
and a taurine antagonist on ethanol-induced central nervous sys- 
tem depression. Eur. J. Pharmacol. 113:275-278; 1985. 

36. Medina, J. H.; DeRobertis, E. Taurine modulation of the 
benzodiazepine-y-aminobutyric acid receptor complex in brain 
membranes. J. Neurochem. 42:1212-1217; 1984. 

37. Messiha, F. S. Taurine, analogues and ethanol elicited re- 
sponses. Brain Res. Bull. 4:603-607; 1979. 

38. Morrow, E. L.; Erwin, V. G. Calcium influence on neuronal 
sensitivity to ethanol in selectively bred mouse lines. Phar- 
macol. Biochem. Behav. 24:949-954; 1986. 

39. O'Connor, M. F.; Howerton, T. C.; Collins, A. C. Effects of 
pentobarbital in mice selected for differential sensitivity to 
ethanol. Pharmacol. Biochem. Behav. 17:245-248; 1982. 

40. Okamoto, K.; Sakai, Y. Localization of sensitive sites to 
taurine, y-aminobutyric acid glycine and /3-alanine in the 
molecular layer of guinea pig cerebellar slices. Br. J. Pharmacol. 
69:407-413; 1980. 

41. Pedigo, N.; Dewey, W.; Harris, L. Determination and charac- 
terization of antinociceptive activity of intraventricularly ad- 
ministered acetylcholine in mice. J. Pharmacol. Exp. Ther. 
193:945-952; 1975. 

42. Pohorecky, L. A.; Rizek, A. E. Biochemical and behavioral 
effects of acute ethanol in rats at different environmental tem- 
peratures. Psychopharmacology (Berlin) 72:205-209; 1981. 

43. Shain, W.; Madelian, V.; Mortin, D. L.; Silliman, S. Ethanol 
stimulates protein phosphorylation and taurine release from as- 
troglial cells. Ann. NY Acad. Sci. 492:403-404; 1987. 

44. Shaw, R. K.; Heine, J. D. Nirhedrin positive substance present 
in different area of normal rat brain. J. Neurochem. 12:151-155; 
1965. 

45. Siemens, A. J.; Chan, A. W. K. Differential effects of pen- 
tobarbital and ethanol in mice. Life Sci. 19:581-590; 1976. 

46. Suzdak, P. D.; Glowa, J. R. Crawley, J. N.; Schwartz, R. D.; 
Skolnick, P. ; Paul, S. M. A selective imidazobenzodiazepine 
antagonist of ethanol in the rat. Science 243:1243-1247; 1986. 

47. Suzdak, P. D.; Schwartz, R. D.; Skolnick, P.; Paul, S. M. 
Ethanol stimulates y-aminobutyric acid receptor-mediated 
chloride transport in rat synaptoneurosomes. Proc. Natl. Acad. 
Sci. USA 83:4071-4075; 1986. 

48. Yarbough, G. G.; Singh, D. K.; Taylor, D. A. Neurophar- 
macological characterization of a taurine antagonist. J. Phar- 
macol. Exp. Ther. 219:604-613; 1981. 

49. Zgombick, J. M.; Erwin, V. G.; Cornell, K. Ethanol-induced 
adrenomedullary catecholamine secretion in LS/Ibg and SS/Ibg 
mice. J. Pharmacol. Exp. Ther. 236:634-640; 1986. 


