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DAR, M S. AND W. R. WOOLES GABA medtatton of the central effects of  acute and chromc ethanol m mtce 
PHARMACOL BIOCHEM BEHAV 22(1) 77-84, 1985.--In acute ethanol studies ammooxyacetlc acid (AOAA) alone 
produced marked hypothermm although a test dose of ethanol was able to produce a further drop m body temperature m 
AOAA treated m~ce Even though tolerance to ethanol-reduced hypothernua was present m ethanol-dependent mice, 
AOAA administration was able to produce a further decrease m body temperature. Blcuculhne potentmted ethanol-reduced 
hypothermm m the acute studies but the tolerance to hypothernua which had developed m ethanol-dependent rmce 
prevented the blcucullme-mduced potentmtmn of ethanol hypothermm AOAA markedly potentaated acute ethanol- 
mduced motor mcoordmatmn whereas blcuculhne had no effect Although partial tolerance had developed to ethanol- 
reduced motor mcoordmatmn m dependent mice, AOAA potentmted, whereas a lower dose of blcuculhne antagonized, 
motor mcoordlnatmn In the acute studies ethanol had a blphaslc effect on AOAA-mduced GABA accumulatmn in the 
hypothalamus and corpus stnatum low doses prevented and a shghtly higher dose was without effect on GABA accumula- 
tion Ethanol-dependent mice were unable to respond to an AOAA-mduced increase m GABA accumulation although basal 
levels of GABA were unaffected by chromc ethanol ingestmn. The results show that brain GABA or GABA-rgedmted 
central mechamsms may be revolved m the medmtmn of ethanol-reduced motor mcoordlnatmn but not hypothermm 

Ethanol GABA Motor mcoordmatmn Hypothermm Tolerance 

THE depressant effect of ethanol on the central nervous 
system may be due to an ethanol-reduced alteration m the 
concentratmn or the actmn of various neurotransmltters 
[5,9] or to an ethanol-reduced alteratmn m the lnteractmn 
between various central transmitters [13]. Of the various 
neurotransm~tters known to be influenced by ethanol, the 
inhibitory transmitter gammaammobutync acid (GABA) has 
been reported to be revolved m ethanol-induced alteration of 
motor functmn [5,10] and behaworal changes [20]. 

GABAerglc agents have been shown to be mvolved m 
ethanol-reduced lmpmrment of  motor function [12] Frye and 
Breese [9] have recently shown that mampulatmn of GABA 
receptor acttvlty by GABAerglc agents leads to modulatmn 
ofethanol-mduced motor unpmrment Similarly, it is thought 
that G A B A  Is revolved m the regulatmn of body tempera- 
ture,although there is no agreement on this pomt. A GABA- 
induced increase in body temperature [4], a decrease [24], or 
both [7], have been reported 

Since ethanol ~s known to produce motor mcoordmatmn 
and hypothermla, the present studies were designed to eval- 
uate the ability of GABAergic agents to modify the motor 
mcoordmation and the hypothermlc effect of acute and 
chronic ethanol admm~stratmn. We have attempted to corre- 
late modificatmns of ethanol-induced effects m either pa- 
rameter with ammooxyacetlc acid (AOAA) induced changes 
m GABA concentratmn in the hypothalamus and the corpus 
strmtum The hypothalamus was chosen because of its 
prominent role m the regulation of body temperature. The 
corpus stnatum was chosen because the nigrostnatal path- 
way, a loop in the corpus stnatum, involves dopammerg~c, 

chollnerglc and GABAerglc neurons. The GABAerglc 
stnatonlgral pathway Is revolved m the control of  posture 
and voluntary movements [21]. There is also evidence for 
dopammergic involvement m various CNS effects of  ethanol 
such as locomotor sUmulation [19], impairment of  motor per- 
formance [1,17] and loss of the righting reflex [8]. It is rea- 
sonable to assume that drugs which effect the corpus 
stnatum should effect the action of  ethanol. Others have 
studied the effect of  acute ethanol and GABAerglc drugs on 
parts of  the brain more directly involved in motor coordma- 
tmn [5,9]. 

METHOD 

Charles River male mice (22-28 g) of  the CD strmn were 
used throughout the study. All mice were bred locally by the 
Animal Resource Center of  the Medical School They were 
mmntamed at constant temperature (25°C) and a 12 hr light- 
dark cycle. In the acute studies mice were allowed food and 
water ad lib and were housed five to a cage. 

Mice used m the chrome ethanol studies were fed a Car- 
nation Slender diet fortified with vitamins to wluch ethanol 
was added in an amount to provide 33% of total calories [6]. 
Control mice recewed the same d~et except that an isocaloric 
amount of  sucrose was added in place of  ethanol. Mice on 
chromc studies were pair-fed and housed m individual cages. 
They were fed the diet for 10 days and consumed an average 
dmly amount of  diet comparable to 22 g / k g  of  ethanol. All 
mice on the ethanol diet were studied 24 hours after ethanol 
was last gwen. 
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Amlnooxyacetlc acid (AOAA), an inhibitor of  GABA 
transamlnase actlvlty [23], and blcuculllne, a post-synaptlc 
GABA antagonist [21] were used to increase the concentra- 
tion of  GABA and to block the neural pathways activated by 
GABA Blcuculhne (Sigma Chemical C o ,  St Louis, MO) 
was dissolved in a mmlmum volume of 0 1 N HC1, diluted 
with saline to desired volume and brought to pH 6 6 with 1 N 
NaOH Blcuculhne was administered m the amount of  1 5 
and 3 0 mg/kg IP 10 mm before ethanol and AOAA was given 
In the amount of  6 25, 12 5 or 25 mg/kg either 3.5 or 4 hr prior 
to the administration of ethanol, except in one study it was 
given 0 5 hr prior to ethanol Ethanol was given in the 
amount of 1 5, 2 0 or 3 5 g/kg IP as a 10% w/v solution In 
separate groups of mice, blood ethanol levels were deter- 
mined at 0 5, I, 1 5 and 2 hr after 1 5 and 2 g/kg from tall 
blood samples by the method of Bonnlchsen [3] 

Hypothermta 

Body temperature was determined by telethermometry 
(YSI Model 42, Yellow Spring In s t ,  OH) with a thermistor 
probe inserted 2 cm into the rectum In all hypothermla 
studies body temperatures were recorded at 0 5, 1 0, 1 5 and 
2 hr after the admmlstratlon of  a test dose of 2 g/kg of  ethanol 
given IP In the chronic ethanol studies, the same test dose 
of  ethanol was administered to one half the mice on both the 
ethanol and isocalorlc sucrose control group, and the other 
half received either blcuculhne or AOAA prior to ethanol 

Motor Coordmatton 

A subsedatlve dose of  1 5 g/kg IP of ethanol was used in 
all motor coordination studies and the degree of  motor m- 
coordination was determined using a standard mouse 
rotorod treadmill (UGO Baslle, Verese, Italy) under condi- 
tions and times as reported previously [6] The rotorod data 
is expressed as an activity ratio which is defined as the ratio 
of  the time animals were able to remain on the rotorod after 
drug and/or ethanol administration compared to pre-drug 
and/or ethanol values In the acute studies ethanol-induced 
motor mcoordlnatlon was evaluated after blcuculllne, and 
AOAA treatment at 15 mln intervals for one hour after 
ethanol In the chronic studies mice fed the ethanol and the 
lsocalorlc control diet were divided into groups of 15 mice 
each and received blcuculhne or AOAA followed by ethanol 
or the saline control solution 

GABA Levels 

The ablhty of  acute ethanol administration to alter the 
synthesis of  GABA was measured lndlrectly by determining 
the accumulation of  GABA in the hypothalamus and the cor- 
pus stnatum, 4 hr following the admmlstraaon of AOAA and 
30 mm after the administration of each dose of  ethanol This 
time interval was chosen because ethanol-reduced motor m- 
coordination and hypothermla were very pronounced 30 mln 
after ethanol and peak blood levels of ethanol were present 
30 mm after administration The ethanol doses of  1 5 and 2 
g/kg were chosen because these were the doses used m the 
motor co6rdmatlon and the hypothermla experiments, re- 
spectively. In the chronic ethanol studies, the synthesis of  
GABA in the hypothalamus and corpus striatum was studied 
in the same manner 24 hours after the ethanol diet was re- 
moved In the motor coordination, hypothermla and GABA 
accumulation studies AOAA was given 3 5 hr prior to 
ethanol We chose this time because a pilot study had shown 

E 
o 

I -  

(A) 
+1. 

o. 

-1, 

-2- 

-3, 

- 4 .  

-5 

t r  
.Ec 

® 3'0 go ,o ,~0 o 
c 

.c Tame A f t e r  E t h a n o l  (mm) 
0 

(B) 

3'0 go go ' 1 2 0  

T=me A f t e r  E t h a n o l  (mm) 

FIG 1 Effect of amlnooxyacetlc acid (AOAA) side A and blcucul- 
hne (Blc) side B on acute ethanol-reduced hypothermla (A) (3--(3 
sahne+ethanol, I - - I A O A A  (25 mg/kg)+ethanol El--E3 AOAA (25 
mg/kg)+sahne, (B) (3---(3 sahne+ethanol. O-----Q Bic (1 5 
mg/kg)+ethanol, A--& Blc (3 mg/kg)+ethanol Each point repre- 
sents the rnean__+S E M of at least 8 mice A test dose of 2 g/kg of 
ethanol was used *p<0 05 

that GABA levels were markedly increased 4 hr following 
AOAA 

In a separate study we evaluated the ablhty of  1 5, 2 and 
3.5 g/kg of ethanol to modify the accumulation of GABA m 
the hypothalamus and the corpus strlatum produced by 25 
mg/kg of AOAA In contrast to the other studies ethanol was 
administered 30 mm after AOAA and the concentration of  
GABA was determined 4 hr after AOAA The concentration 
of  GABA was determined by the enzymatic (Sigma C o ,  St 
Louis, MO) method [2] Mice were sacrificed by microwave 
irradiation (1 33 kw, 2450 MHz and 500 msec) Within 45 
seconds after sacrifice brains were removed and dassected on 
a cold plate The hypothalamus and bilateral corpus stlata 
were removed according to the method of  Glowlnskl and 
Iverson [11]. 

Statistical analysis employed either the Students' t test or 
the one way analysis of variance for repeated measures fol- 
lowed by planned comparison among the treatment means at 
each time period A p < 0  05 was accepted as a measure of 
significance 

R E S U L T S  

Hypothermta 

In these experiments the test dose of  2 g/kg of ethanol was 
administered four hours after the administration of  25 mg/kg 
of  AOAA or the sahne control solution It must be noted that 
basal body temperature dropped markedly after AOAA, and 
at 2 hr after AOAA, body temperature had dropped to 30°C 
from a control level of  36 8°C and by 4 hr after AOAA, when 
ethanol was administered, body temperature was 32°C The 
data in Fig IA shows that in normothermlc animals ethanol 
lowered body temperature for 120 mln after the test dose 
from a mean basal body temperature of 36 8°C The data also 
show that ethanol was able to produce a significant decrease 
m body temperature in AOAA-treated mice even though 
body temperature was reduced to 33 4°C by AOAA when 
ethanol was given, F(12,64)=2 25, p < 0  01 Body tempera- 
ture in mice given AOAA alone was nearly stable over the 2 
hr recording period (mean 34.2°C) even though it was still 
slgmficantly reduced 
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FIG 2 Effect of ammooxyacetac acid (AOAA and bicuculline (Bic) 
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The ethanol-induced hypotherm]c response to bicuculhne 
is shown in Fig. lB. The test dose of ethanol produced the 
expected hypothermic response from 37.4°C after ethanol. 
However,  the ethanol-induced hypothermia was markedly 
enhanced by the preadmmistrat]on of  1.5 and 3.0 mg/kg of  
bicuculline from the mean basal temperature of 36.8°C and 
37.1°C, respectively,  even though these same doses were 
without a hypothermic effect when gdven alone, 
F(12,100)=7.65, p <0.0001. 

In the chronic ethanol studies (Fig. 2) the test dose of  
ethanol produced the expected hypothermia in the isocaloric 
sucrose control groups from a mean basal body temperature 
of  35 8°C to 34.3°C (Figs. 2A and 2C), which persisted for 
approximately 90 mln. In this experiment,  as :m the acute 
experiment,  mean body temperature of AOAA treated mice 
was depressed to 32.4°C from the tune of  injection until the 
tune ethanol was administered When ethanol was adminis- 
tered to isocalonc control mice treated with AOAA (Fig 2A) 
there was a further drop in body temperature of 0.8°C, 
F (20,284)=4 84, p<0.001.  However,  in mice maintained on 
the ethanol diet, tolerance to the hypothermic effect of  
ethanol was apparent,  since the decrease in body tempera- 
ture produced by acute ethanol was only 0.42°C (mean basal 
temperature being 36.4°C) m ethanol dependent  mice (Fig, 
2B) at 30 rain compared to a decrease of 1.75°C m the corre- 
sponding control group (Fig. 2A) Also in the ethanol- 
dependent  mice the administration of an ethanol test dose to 
AOAA-treated mice was not able to produce a further drop 
m body temperature,  although there was a more rapid rate of 
recovery toward normal body temperature observed in this 
group from 30 1 to 32 4 over the 2 hr period (Fig 2B) Even 
though there was a more rapid return toward control body 
temperature,  the mice m this group sttU had a lowered body 
temperature. 

In mice maintained on the isocalodc sucrose control diet, 
doses of  1.5 and 3 mg/kg of  bicuculline markedly potentiated 
the hypothermlc effect of ethanol from a basal temperature 
of  36 7°C to 34 4°C and 33.9°C in the 1.5 mg/kg and 3 mg/kg 
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FIG 3 Effect of ammooxyacetlc acid (AOAA) and btcuculhne (Blc) 
on acute ethanol (1 5 g/kg) induced motor mcoordmation m mice 
Each point represents the mean±S.E.M of 15 mice. *p<0.05. 

dose, respectively (Fig. 2C). In mice maintained on the 
ethanol diet (Fig. 2D), tolerance to ethanol hypothermta was 
observed since the test dose of ethanol produced no change 
in basal body temperature.  Bicuculline, which markedly 
potentiated ethanol-induced hypothenma in the isocaloric 
sucrose control group was unable to produce any change in 
body temperature after a test dose of  ethanol in ethanol de- 
pendent mice. 

Motor Incoordlnatlon 

In both the acute and chronic studies each mouse served 
as his own control. Based upon previous observations [6] we 
chose a subsedative dose of  I 5 g/kg of  ethanol that produced 
severe motor lncoordInation 15 rain after rejection which 
persisted for at least 45 min (Fig. 3). Severe motor incoordi- 
nation was observed in all mice treated with 25 mg/kg of  
AOAA. For  this reason we did not use this dose of  AOAA in 
any study involving motor  lncoordlnatton. Doses of  6.25 and 
12 5 mg/kg of  AOAA produced minor and transient motor 
lncoordinatlon in treated mice. At 4 hr after A O A A  adminis- 
tration, the time at which ethanol was administered, no 
motor  impairment was evident and the acuvity ratio of  all 
AOAA-treated mice was 1 As shown in Fig. 3A, both doses 
of AOAA potentiated the motor lncoordlnatlon produced by 
the acute administration of ethanol in a dose-dependent fash- 
ion, F(6,108)=2.62, p < 0  02. On the other hand, the adminis- 
tration of 1.5 and 3 mg/kg of  bicuculline did not alter the 
degree of motor lncoordinatIon produced by the acute ad- 
ministration of  ethanol (Fig. 3B). Either dose of  bicucul- 
line,when given alone, did not produce any lmpmrment of 
motor coordination at any time period. 

The abdlty of AOAA to alter motor lncoordination in 
mice maintained on the ethanol diet is shown in Fig. 4. In the 
lsocaloric sucrose control group the administration of both 
doses of AOAA markedly potentiated the motor incoordlna- 
tlon produced by ethanol (Fig. 4). It should be noted that the 
potentiation of motor incoordination produced by these 
doses of  AOAA was comparable to that observed in the 
acute study at 15 mIn after ethanol. However ,  in the 
lsocalonc sucrose control group (Fig. 4) the seventy of  
motor mcoordlnatlon was much greater at 30, 45 and 60 mm 
after ethanol (planned comparisons after ANOVA yielded 
p <0.05 at each time period) than at the comparable times m 
the acute ethanol study 

In the chronic ethanol-treated group, a test dose of  
ethanol produced a significantly less severe fall In motor 
coordmation at 15 min, which returned to pre-ethanol 
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levels by 45 mm (Fig 4), suggesting the development of a 
partml tolerance to motor mcoordinatmn m ethanol depen- 
dent mice. The dose of  6 25 mg/kg of AOAA, wluch markedly 
potentiated ethanol-induced motor incoordinatlon m the 
~socaloric sucrose control group, dtd not alter motor mcoor- 
dmatmn produced by a test dose of  ethanol to ethanol de- 
pendent mice. Slmdarly, the ethanol-induced motor incoor- 
dmatmn was only shghtly potentiated (p >0.05) by a dose of  
12 5 mg/kg of  AOAA in ethanol dependent mice, whereas in 
the lsocaloric sucrose control group this dose of A O A A  
markedly potentmted ethanol motor-mcoordmatton (F~g. 4). 

In the ~socaloric sucrose control group, 1 5 and 3.0 mg/kg 
of blcuculhne d~d not alter ethanol-reduced motor lncoord~- 
nation (Fig 5) which is slmdar to the results obtained with 
blcuculhne and acute ethanol admlnlstratmn However ,  in 
ethanol-dependent mice a dose of 1.5 mg/kg of  blcuculhne 
markedly, F (15,207)=3 30, p < 0  001, antagomzed motor m- 
coordmatmn produced by a test dose of  ethanol, whereas a 
dose of  3 mg/kg had no effect on ethanol-reduced motor lm- 
pmrment (Fig 5) 

GABA Levels 

We tried to correlate these effects of  ethanol on 
hypothermm and motor coordination w~th changes m GABA 
concentration after mh~bmon of  GABA-transaminase activ- 
ity by AOAA m the hypothalamus and the corpus strmtum 
In these studies the concentratmn of GABA was determined 
4 hr after the admmlstratmn of AOAA and 30 mln after 
ethanol These t~mes were chosen because G A B A  levels 
after A O A A  were markedly elevated at this time and also 
because blood ethanol levels were maximal 30 mln after it 
was administered 

In the acute studies, the concentratmn of GABA was m- 
creased m a dose dependent manner after doses of  6.25 and 
12 5 mg/kg of A O A A  m both the hypothalamus and the cor- 
pus strmtum (Fig 6) However ,  the AOAA-lnduced rise m 
GABA levels m both t~ssues was completely abohshed by 
the admtmstratlon of 1.5 g/kg of  ethanol administered 30 mln 
before sacrifice A dose of  ethanol of  2 g/kg was not able to 
block the dose-dependent rise m GABA levels m the hypo- 
thalamus produced by doses of  6.25 and 12 5 mg/kg of 
AOAA In fact, the rise m hypothalamlc GABA levels 
produced by AOAA after 2 g/kg of  ethanol was comparable 
to the dose-dependent rise m GABA levels observed m the 
sahne control group After the admmlstratmn of  2 g/kg of  
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ethanol only the 12 5 mg/kg dose of AOAA was able to 
produce an increase in GABA levels m the corpus strtatum. 

In mice maintained on the ethanol diet, both doses of 
AOAA were unable to increase the concentration of  GABA 
m the hypothalamus (Fig 7). In the lsocalonc sucrose con- 
trol group the rise in GABA concentratmn m the hypothala- 
mus produced by 6.25 and 12 5 mg/kg was 22% and 66%, 
respectively When a test dose of  1 5 g/kg of  ethanol was 
given to ethanol dependent mice pretreated with AOAA on- 
ly, the dose of  12.5 mg/kg of  AOAA was able to increase 
hypothalamlc GABA levels However,  the increase was only 
30%,whereas in the lsocaloric control group the same dose of  
A O A A  produced a 110% rise m GABA levels When the test 
dose of  ethanol was 2 g/kg, only the dose of  12 5 mg/kg of  
A O A A  was able to produce a n s e  m hypothalamlc GABA 
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levels in the lsocalonc control group. The rise produced by 
12 5 mg/kg of  AOAA in ethanol-dependent mice was only 
45% compared to a rise of 76% produced by the same dose in 
the lsocalonc sucrose control group (Fig. 7). On the other 
hand, a dose of  6 25 mg/kg, which did not increase GABA 
levels in the control group, produced a 32% increase in de- 
pendent mice challenged with 2 g/kg of ethanol. 

In the corpus striatum of  ethanol-dependent mice, the 
AOAA-mduced effect on GABA levels was only slightly dif- 
ferent (Fig. 8) The chronic ethanol diet did not completely 
abohsh the AOAA-mduced rise in GABA levels produced by 
a dose of  12.5 mg/kg (Fig. 8) . However,  the increase in 
GABA levels was only 58% in the ethanol-dependent group 
compared to a rise of 115% induced by the same dose in the 
lsocalonc control group (Fig 8). When a test dose of  1.5 g/kg 
of  ethanol was given to ethanol dependent mice pretreated 
with AOAA, the AOAA-mduced rise in GABA levels in the 
corpus s tnatum was completely prevented when compared 
to the dose-dependent increase produced in the isocalonc 
sucrose control group (Fig. 8). When the test dose of ethanol 
was 2 g/kg, only a dose of  12.5 mg/kg of AOAA was able to 
increase GABA levels in ethanol dependent mice. However,  
the increase in these mice was markedly blunted and was 
only 57% compared to a rise of 113% produced by the same 
dose in the isocalonc control group. 

We were impressed that the GABA response to AOAA 
could be prevented by chronic ethanol administration in the 
hypothalamus and the corpus strmtum We were also ~m- 
pressed by the fact that AOAA-tnduced GABA response in 
ethanol-dependent mice was strikingly different even though 
the test doses of  ethanol used were not markedly different. 
These studies suggested that perhaps small doses of  ethanol 
inhibited, whereas larger doses had no effect on AOAA- 
induced changes in GABA. To evaluate this possibdity, we 

added a higher dose of ethanol, 3.5 g/kg, as a test dose and 
determined the abdlty of  25 mg/kg of  AOAA to increase 
GABA levels m the corpus striatum and the hypothalamus of 
normal mice. As shown in Table 1, the lowest dose of  
ethanol used, 1.5 g/kg, significantly decreased the GABA 
accumulation after AOAA pretreatment in both tissues, 
whereas doses of  2.0 and 3.5 g/kg of  ethanol did not alter the 
GABA accumulation in the hypothalamus and corpus 
striatum. The blood alcohol concentration following 2 g/kg of 
ethanol was slightly, but significantly, higher than that 
produced by 1.5 g/kg at 0.5 hr (Fig. 9). Furthermore,  the 
blood alcohol levels remained stable for 90 rain after 2 g/kg, 
whereas after 1.5 g/kg blood alcohol decreased from 30-120 
min after administration. 

DISCUSSION 

The results of  the present study are compatible with the 
suggestion that there may be an interaction between 
GABAerglc drugs and ethanol m relaUon to some of  the CNS 
effects of ethanol. In the acute experiments,  A O A A  admims- 
tratlon alone produced a marked decrease in body tempera- 
ture. This AOAA-Induced hypothermia was potentiated by 
the administration of  an acute dose of 2 g/kg of  ethanol, 
which suggested the possibility that the pathways and/or 
mechanism(s) for GABAerglc and ethanol produced 
hypothermia are different. This interpretation is supported 
by the observations made m the chronic ethanol studies. 
Animals given the ethanol diet for 10 days were tolerant to 
the hypothermic effect of  acute ethanol. In these tolerant 
mice AOAA administration was able to produce profound 
hypothermia. However ,  administration of a hypothermlc test 
dose of ethanol to AOAA-trea ted  tolerant mice was not able 
to cause a further drop in body temperature as it did in the 
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T A B L E  1 
EFFECT OF ETHANOL ON GABA ACCUMULATION IN HYPOTHALAMUS AND 
CORPUS STRIATA AFTER INHIBITION OF GABA TRANSAMtNASE BY 

AMINOOXYACETIC ACID (AOAA)* 

GABA (/zM/g tissue) 

No Treatment Hypothalamus Corpus Stnatum 

1 Sahne 
+ 

Sahne 379_+040  (10) 304-+ 033 (10) 
2 AOAA 

+ 
Sahne 1431 _ 1 24 (10) 13 43 -+ 040 (10) 

3 AOAA 
+ 

Etoh 1 5 g/kg 10 73 -+ 1 27* (9) 10 35 _+ 0 87? (10) 
4 AOAA 

+ 
E toh20g /kg  1259+- 063 (10) I1 80 +-091 (10) 

5 AOAA 
+ 

E t o h 3 5 g / k g  13 20_+ 1 12 (10) 11 78_+ 1 18 (10) 

Data expressed as mean _+ S E M Numbers m parentheses indicate number of 
animals used 

*25 mg/kg IP 30 min before ethanol and 4 hr before sacrifice 
~Slgnificant compared to AOAA + Sahne, p<0 05 

acute  studies This data  clearly es tabhshes  that the 
hypo the rmia  p roduced  by the GABAerg ic  agent,  A O A A ,  
and ethanol  is me&ated  by different  neuronal  pathway(s)  
and/or  by different  mechanism(s)  It should be pointed out  
that  since A O A A - i n d u c e d  G A B A  accumula t ion  occur red  
o v e r  a 4 hr  period,  it is possible that  dunng  this t ime other  
neuro t ransml t te r  mechamsm(s)  may  have been  act ivated,  
which media ted  the effect  o f  e thanol  

The  results  obtained with the G A B A  antagonist ,  b~cucul- 
hne,  were  not  as decis ive  as those obta ined with A O A A  
Blcucul l ine-mduced b lockade  o f  G A B A  receptors  or  neural  
pa thways  had no effect  on body tempera ture  when blcucul- 
line alone was given.  H o w e v e r ,  bicucull ine markedly  poten-  
t iated e thanol- reduced hypo the rmm To be consis tent  with 
the results  obtained with A O A A ,  blockade of  G A B A  neural 
mechan isms  would  be expec ted  to have no effect  on 
ethanol-Induced hypo the rmm It ~s also possible that block- 
ade of  G A B A  neural  mechan i sms  by blcucull lne al lows other  
neurotransm~tter  mechan i sms  to come  into play and poten- 
tiate the ethanol  response  as suggested prevmusly  

Pre t rea tment  with A O A A  produced  a significant, dose  
dependen t  potent iat ion o f  acute  e thanol- induced motor  m- 
coordinat ion  whereas  pre t rea tment  with blcuculhne &d not 
(Fig. 3) These  findings are general ly in agreement  with those 
o f  Hakklnen  and Ku lonen  [12] and with the recent  report  by 
Frye  and Breese  [10] who  showed  that  A O A A  increased 
while blcucul lme decreased ,  the motor  impairment  produced 
by ethanol  m rats performing a tilted plane test and aerml 
righting reflex, respec t ive ly  

In mice maintained on the chronic  e thanol  diet, to lerance 
to e thanol- induced moto r  incoordina tmn was present ,  as 
shown by a less severe  decrease  m the act ivi ty  ratio and a 
more  rapid r ecove ry  to control  values (Figs 4 and 5) In 
tolerant  mice,  only  the highest  dose  o f  A O A A  used was able 

25'  

20 .  

i 1.0. 

--~ & ETHANOL 2 0 g / k g  

O0 

Time after Ethanol (IVies) 

FIG 9 Blood ethanol levels after the administration of 1 5 and 2 0 
g/kg IP of ethanol Each point on the curve represents the mean_ + 
S E M of 5 mice *At least p<0  05 

to potent iate  e thanol- induced motor  incoordlnat lon,  and the 
degree o f  potentiat ion produced  was much  less than that 
p roduced  by the same dose in non-tolerant  mice In the case 
of  blcuculhne admlmstra t ion to tolerant  m~ce, there was no 
potent la tmn of  e thanol- reduced motor  mcoordma tmn  and 
the lowest  dose  used, 1 5 mg/kg, actually prevented  motor  
lncoordinat ion produced by ethanol  

It was clear  that an acute  dose o f  1.5 g/kg of  e thanol  
comple te ly  prevented  an A O A A - m d u c e d  nse  in G A B A  con- 
centrat~on in the hypothalamus and corpus s tnatum, whereas  
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a dose of 2 g/kg only prevented the rise in GABA concentra- 
tmn produced by 6.25 mg/kg of AOAA and did not prevent 
the increase produced by 12.5 mg/kg It is somewhat difficult 
to explain these effects caused by doses of ethanol that are 
not much different. AOAA is known to inhibit the actlwty of 
GABA-transaminase, the enzyme responsible for the 
catabohsm of GABA. Since ethanol was given 3.5 hr after 
AOAA, it is reasonable to assume some accumulatmn of 
GABA had occurred m this time period. Since GABA levels 
30 min after ethanol were similar to the levels in untreated 
control mice, it is possible the dose of 1.5 g/kg of ethanol 
caused the release of accumulated GABA in these tissues. 
This sudden release of GABA could explain the potentiation 
of ethanol-induced motor incoordmation produced by 
AOAA. This effect of ethanol IS compatible with the results 
obtained in the bicuculhne experiment. Since blcucullme 
blocks GABA activated neural pathways, the release or lack 
of release of GABA should have no effect on acute ethanol- 
induced motor lncoordmatlon, and this is what was ob- 
served. The observed differences in AOAA-lnduced GABA 
accumulation produced by the two doses of ethanol suggests 
the possibility of a biphasic ethanol response The response 
produced by 2 g/kg of ethanol was associated with a slightly 
higher mltml blood level which remained stable over the next 
90 min. On the other hand, the dose of 1.5 g/kg was associ- 
ated with a slightly lower initial blood alcohol level and the 
declining phase of the blood ethanol curve. Although we did 
not monitor blood ethanol levels in AOAA and bicuculhne 
treated mice, the posslbihty exists that these agents altered 
the metabolism of ethanol. We are unable to find any reports 
in the literature to support this possibihty. 

It is known that low doses of ethanol have a stimulant 
effect and that GABAergic agents, Including AOAA, will 
block the stimulant effects of ethanol, [1,5]. This raises the 
interesting possiblhty that GABAergic drugs may selectively 
block the stlmulatory effect of ethanol, thereby allowing full 
expression of the depressant effect of ethanol The results of 
the present study are compatible with this possibility, par- 
ticularly the results obtained with AOAA. Since the influ- 
ence of blcuculhne on motor lncoordinatmn was observed 
only in mice made tolerant to ethanol-induced motor im- 
pairment by chronic ethanol, it is possible that the effects of 
bicuculhne required alteration of central GABA receptors 
which is known to occur following chronic ethanol con- 
sumption [22,25] 

One of the most significant findings in the present study 
was that mice maantalned on a chronic ethanol diet and made 
tolerant to ethanol-induced hypothermia, and partially 

tolerant to motor mcoordmatlon, were unable to respond to 
the administration of A O A A  by increasing the concentratmn 
of G A B A  in the hypothalamus and the corpus striatum (Figs. 
7 and 8), as was observed in the lsocaloric sucrose control 
group. However, it must be noted that the basal levels of 
GABA in both the hypothalamus and the corpus s tnatum of 
ethanol-dependent mice were s~milar to that measured in the 
isocaloric sucrose control group showing that chromc 
ethanol intake d~d not interfere with the normal steady state 
concentration of GABA, but was selectwely able to prevent 
the rise in GABA produced by the inhibition of GABA- 
transamlnase by AOAA. A recent report by Wixon and Hunt 
[26] showed that the rate of AOAA-mduced GABA accumu- 
lation was decreased in the corpus stnatum, cerebellum and 
cerebral cortex of rats dunng w~thdrawal from ethanol. 
Other studies recently reviewed by Hunt [14] have shown 
that acute and chromc ethanol may increase or decrease 
brain GABA 

The protocol of the present experiments reqmred that 
ethanol-dependent mice were studied 24 hr after ethanol was 
removed which was the first day of the withdrawal syn- 
drome. It is known that dunng the ethanol withdrawal period 
there is a central hypogabaergic state [26] which may explain 
the lnabihty of mice m the ethanol withdrawal state to re- 
spond to AOAA stimulation These findings are m agreement 
with the report of WLXOn and Hunt [26] who showed that 
AOAA-induced GABA accumulation was significantly re- 
duced dunng the ethanol withdrawal syndrome m the rat. 
Since the amount of GABA accumulated after AOAA inhibi- 
tion of GABA-transamlnase has been taken as an mdicatlon 
of GABA synthesis [15], the lack of effect in ethanol- 
dependent mice may be due to inhibitmn of GABA synthe- 
sis However, the levels of GABA in the hypothalamus and 
corpus stnatum of ethanol-dependent mice were similar to 
the levels m the isocalonc control group, suggesting that the 
effect of ethanol was not on the basal or steady state GABA 
levels but only upon AOAA-mduced changes m GABA ac- 
cumulation 

Hyperexcltabdlty is a common feature of the ethanol 
withdrawal state probably caused by a hyperadrenergIc state 
[16] The decreased central GABAergic state in ethanol 
withdrawal favors hyperexcitabdlty and it is known that 
drugs which increase central GABA levels decrease 
ethanol-withdrawal convulsmns [18]. A reductmn in 
neuronal GABA actlwty may also have contributed to the 
development of tolerance to ethanol-induced motor incoor- 
dinatlon by reducing central inhibition, which may compen- 
sate for the depressant effect of ethanol [18]. 

REFERENCES 

1 Bacopoulos, N G., I Blze, J Levme and L S Van Orden, III 
Modification of ethanol intoxication by dopamme agomsts and 
antagonists Psychopharmacology (Berlin) 60: 195-201, 1979 

2 Bohn, P ,  Jr and J P DaVanzo The influence of isolation and 
amlnooxyacetlc acid (AOAA) on GABA m muncldal rats Psy- 
chopharmacology (Berhn) 76: 367-370, 1982 

3 Bonmchsen, R Ethanol-determination with alcohol dehydro- 
genase and DPN In Methods of Enzymatic Analysts, edited by 
H U. Bergmeyer New York Academic Press, 1965, pp 285- 
287 

4 Boros-Farkas, M and A Illei-Donhoffer The effect ofhypotha- 
lamic mjectmns of noradrenahne, serotonm, pyrogen, 
y-ammo-n-butync acid, tmodothyronme, tmodothyroaceuc acid, 
DL-phenylalanme and DL-alanme and DL-T-ammo-/3- 
hydroxybutync acid on body temperature and oxygen con- 
sumpUon m the rat Acta Phystol Hung 36: 105--116, 1969 

5 Cott, J ,  A. Carlsson, J Engel and M. Lmdqvlst Supresslon of 
ethanol-mduced locomotor sUmulanon by GABA-Iuke drugs 
Naunyn Schmwdebergs Arch Pharmacol 295: 203--209, 1976 

6 Dar, M S,  S J Mustafa and W R Wooles. Possible role of 
adenosine m the CNS effects of ethanol Life Sct 33: 1363-1374, 
1983 



84 D A R  A N D  W O O L E S  

7 Dhumal, V R ,  O D Gulatl and N S Shah Effects on rectal 
temperature m rats of y-ammobutync acid possible mediation 
through putattve transmitters Eur J Pharmacol 35: 341-347, 
1976 

8 Enckson,  C K and J A Matchett Correlation of brain amine 
changes with ethanol-reduced sleep-time m mice Adv Exp Med 
Biol 59: 41%430, 1975 

9 Frye, G D and G R Breese GABAerglc modulation of 
ethanol-reduced motor impairment J Pharmacol Exp Ther 223: 
750--756, 1982 

10 Fry, G D ,  T J McCown and G R Breese Differential sen- 
SlUvlty of ethanol w~thdrawal s~gns in the rat to y-amlnobutync 
acid (GABA) mlmeucs blockade of audlogemc seizures but not 
forehmb tremors J Pharmacol Exp Ther 226: 720-725, 1983 

11 Glowmskt, J and L L Iverson Regional studies of catechol- 
amines m the rat brain I The disposition of [3H] norepmeph- 
rme, [aH] dopamlne and [3H] dopa m various regions of the 
brain J Neurochem 13: 655-669, 1966 

12 Hakkmen, J M and E Kulonen Ethanol intoxication and 
3,-ammobutyrlc acid J Neurochem 27: 631-633, 1976 

13 Hunt, W A and E Majchrowlcz Alterations in neurotransm~t- 
ter function after acute and chromc treatment w~th ethanol In 
Btochemlstry and Pharmacology o f  Ethanol, vol 2, edited by E 
Majchrow~cz and E P Noble New York Plenum Press, 1979, 
pp 167-185 

14 Hunt, W A The effect of ethanol on GABAerglc transmission 
Neurosct Btobehav Rev 7: 87-95, 1983 

15 Iversen, L L Biochemical psychopharmacology of GABA In 
Psychopharmacology A Generatton o f  Progress, edited by M 
A Lipton, A DiMascto and K F Kdlam New York Raven 
Press, 1978, pp 25-28 

16 Karoum, F ,  R J Wyatt, E Majchrowlcz Brain concentrations 
of blogemc amine metabohtes m acutely treated and ethanol- 
dependent rats Br J Pharmacol 56: 403-411, 1976 

17 Kuanmaa,  K , K Andersson and K Fuxe On the role of as- 
cending dopamlne systems in the control of voluntary ethanol 
intake and ethanol intoxication Pharmacol Btochem Behav 10" 
603-608, 1979 

18 Leltch, G J ,  D J Backes, F S Slegman and G D Guthne 
Possible role of GABA in the development of tolerance to alco- 
hol Exper:entta 33: 496-497, 1977 

19 LiIjeqwst, S , U Berggren and J Engel The effect ofcatechol- 
amine receptor agomsts on ethanol-induced locomotor stimula- 
tion J Neural Transm 50:57-67,1981 

20 Ldjequlst, S and J Engel Effects of GABAerglc agomsts and 
antagonist on various ethanol-mduced behavioral changes Ps)- 
chopharmacology (Berhn) 78: 71-75, 1982 

21 Meldrum, B Pharmacology o fGABA Chn Neuropharmacol 5: 
293-316, 1982 

22 Regglanl, A , M L Barbaccla, P F Spano and M Trabucchl 
Acute and chronic ethanol treatment on specific [JH]-GABA 
binding in different rat brain areas Psychopharmacology (Ber- 
hn) 67: 261-264, 1980 

23 Seller, N and S Sarhan Drugs affecting GABA Prog Chn Blol 
Res 39: 425-439, 1980 

24 Sgaragh, G and F Pavan Effects of amino acid compounds 
injected into cerebrospmal fluid spaces, on colomc temperature, 
arterial blood pressure and behavior of the rat Neurophar- 
macology 11: 45-56, 1972 

25 Ticku, M K and T Burch Alterations in 3,-amlnobutyrlc acid 
receptor sensltlv~ty following acute and chronic ethanol treat- 
ments J Neurochem 34: 417-423, 1980 

26 Wlxon, H N and W A Hunt Effect of acute and chronic 
ethanol treatment on gamma-amlnobutyrlc acid levels and on 
amlnooxyaceuc actd-mduced GABA accumulation Sub3t 
Alcohol Actions Mtsuse 1: 481-491, 1980 


