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MATrUCCI-SCHIAVONE, L. AND A. P. FERKO. Effect of muscimol on ethanol-induced central nervous system 
depression. PHARMACOL BIOCHEM BEHAV 27(4) 745-748, 1987.--In male Sprague-Dawley rats acute ethanol (1.0 
and 2.0 g/kg) produced impairment of motor coordination and induced hypnosis (4.0 g/kg). Muscimol (1.25 mg/kg, IP) prior 
to ethanol administration enhanced motor impairment as measured by the aerial righting reflex. The rate of ethanol 
disappearance from the blood was unaltered by muscimol. Functional tolerance to the effect of ethanol on sleep time was 
produced by a 24 hr ethanol inhalation procedure. Animals tested 48 hr after ethanol inhalation exhibited a reduced sleep 
time from ethanol (4.0 g/kg). Muscirnol (1.75 mg/kg) was administered along with ethanol 48 hr following 1 day of ethanol 
inhalation. Although the animals exhibited tolerance to ethanol-induced hypnosis, they did not manifest tolerance to the 
effect of muscimol. 

Ethanol Muscimol Functional tolerance to ethanol Sleep time 

ALTHOUGH ethanol may act to alter various neurotrans- 
mitter systems, the GABA (gamma-aminobutyric acid) sys- 
tem is believed to mediate some of the general depressant 
effects of ethanol [8]. It has been postulated that the inter- 
ruption of normal GABA neuronal function by ethanol may 
subserve such CNS depressing effects as motor impairment 
[4] and hypnosis [l l] .  Evidence for such GABAergic in- 
volvement includes potentiation of acute ethanol-induced 
motor impairment and hypnosis in rats and mice by pre- 
treatment with GABA agonists and attenuation of these ef- 
fects by a GABA antagonist [4,11]. 

Studies on the GABA system following prolonged ethanol 
administration show that dependence may be associated 
with alterations in GABAergic function and that the ethanol 
withdrawal syndrome can be attenuated by GABAergic 
drugs [5]. Tolerance to ethanol, as well, may be associated 
with alterations in the GABA system [10] although the de- 
velopment of dependence often accompanies tolerance when 
a prolonged period of ethanol exposure is involved. The aim 
of this study is to determine if tolerance to muscimol, a 
GABA receptor agonist, occurs in animals that are func- 
tionally tolerant to ethanol but not physically dependent on 
ethanol. The use of a 24 hr inhalation procedure [3,14] allows 
the separation of the phenomena of tolerance to and physical 
dependence on ethanol and removes physical dependence on 

ethanol as a variable in the experiments. Previous work indi- 
cates that functional tolerance to the effects of ethanol on 
hypothermia [3] as well as motor impairment and hypnosis 
[14] can be produced by a short period (24 hr) of ethanol 
exposure that does not result in ethanol dependence. 

This investigation examines the interaction between 
ethanol and muscimol, a GABA receptor agonist, on two 
behavioral actions, motor coordination and sleep time in 
naive rats. In addition, the interaction between ethanol and 
muscimol on sleep time is studied in rats made tolerant to 
ethanol by a short period of exposure to ethanol vapor. 

METHOD 

Male Sprague-Dawley rats (180-220 g) were obtained 
from Charles River Laboratories, Inc. (Wilmington, MA) 
and were housed 6 to a cage for 1 week prior to experi- 
mentation at 22 -  + I°C with a light cycle from 6:00 a.m. to 6:00 
p.m. The animals had free access to Purina Laboratory 
Chow (Ralston Purina Co., St. Louis, MO) and water; how- 
ever, they were fasted 18 hr prior to drug or saline adminis- 
tration but water was available ad lib. The bedding used in 
the cages was ground corn cob, l/sth in. (Anderson Cob Di- 
vision, Maumee, OH). Ethanol solutions (10 or 20% w/v) for 
injection were prepared from 95% ethanol. Muscimol was 
purchased from Fluka Chemical Corp. (Hanpage, NY). 

'This material is based on work supported under a National Science Foundation Graduate Fellowship for Linda Mattucci-Schiavone. 
2Requests for reprints should be addressed to Andrew P. Ferko. 
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T A B L E  1 

ACUTE EFFECT OF ETHANOL (IP) WITH MUSCIMOL (1.25 mg/kg, IP) ON AERIAL RIGHTING REFLEX 60 MINUTES 
AFTER ETHANOL INJECTION 

Control Mu scimol-Treated 

Height of Height of 
Ethanol Blood Aerial Ethanol Blood Aerial 

Dose Ethanol Righting Dose Ethanol Righting 
(g/kg) N (mg/ml) (cm) (g/kg) N (mg/ml) (cm) 

0.0 8 0.00 5.3 ± 0.3* 0.0 6 0.00 6.3 ± 0.8 
1.0 7 0,65 ± 0.02 8.7 ± 1.2 1.0 7 0.74 ± 0.03 13.6 ± 1.45§ 
2.0 7 1.67 ± 0.02 17.1 ± 1.0t 2.0 7 1.71 ± 0.02 40.7 _+ 5.4~¶ 

*Means ± S.E. 
tSignificantly different from saline-treated animals in Control Group (p <0.05). 
~Significantly different from saline-treated animals in Muscimol Group (p<0.05). 
§Significantly different from Control Group given same dose of ethanol (p<0.02). 
¶Significantly different from Control Group given same dose of ethanol (p<0.01). 

T A B L E  2 

FORTY-EIGHT HOURS AFTER REMOVAL FROM CHAMBERS, THE EFFECT OF MUSCIMOL (MUS, 1.75 mg/kg, 
IP) ON ETHANOL-INDUCED (ETOH, 4 g/kg, IP) SLEEP TIME 

Air-Treated Ethanol Vapor-Treated 
(24 hr) 124 hr) 

Blood Sleep Blood Sleep 
Drug Ethanol* Time Drug Ethanol Time 

Given N (mg/ml) (min) Given N (mg/ml) (min) 

ETOH 9 2.90 ± 0.10 193 ± 16t ETOH 9 3.21 ± 0.14 127 ± 145 
MUS + 6 2.77 ± 0.10 267 ± 11§ MUS + 8 2.88 ± 0,05 191 ± 13¶ 
ETOH ETOH 

*Determined when animals regained righting reflex. 
tMeans _+ S.E. 
$Significantly different from air-treated group given ETOH alone (p <0.01). 
§Significantly different from air-treated group given ETOH alone (p <0.01). 
¶Significantly different from ethanol vapor-treated group given ETOH alone (p <0.01). 

Acute Experiments 

A procedure  descr ibed previous ly  [4] was used to meas-  
ure the al terat ion in the aerial righting reflex of  rats as an 
index of  motor  coordinat ion.  Briefly,  the rats were  held in an 
inver ted  posit ion above  a foam rubber  mat and released.  The  
height  was measured  by an adjacent  mete r  stick. The 
min imum height that the animal could successful ly  right him- 
self  on two consecu t ive  releases  was used as an index of  
motor  impai rment  (usually 5 cm for control  animals). A suc- 
cessful  righting required that all four  paws were  observed  by 
the rater  to touch the mat s imul taneously  upon landing. To 
note the effect  of  e thanol  on moto r  coordinat ion,  animals 
were  adminis tered  ethanol  (1 or  2 g/kg, IP) or  saline (0.9% 
NaCI solution) one hr prior  to testing. F r o m  each animal 
immedia te ly  after  testing, a blood sample (20 /zl) was ob- 
ta ined from the orbital  sinus to determine  blood ethanol  con- 
centrat ion according to an enzymat ic  method  [12]. This pro- 
cedure  o f  using orbital  sinus blood is an accurate  es t imat ion 
of  brain e thanol  conten t  [13]. 

Fo r  the aerial  righting reflex test musc imol  (1.25 mg/kg, 
IP) or  saline was adminis tered 15 min pr ior  to e thanol  (1 or  2 
g/kg) injection.  Test ing occur red  60 min after  e thanol  treat- 

ment,  fol lowed immedia te ly  by blood sampling to determine  
blood ethanol  content .  Also,  in separate  exper iments  to 
study the rate of  d isappearance o f  ethanol  from blood,  mus- 
cimol (1.25 mg/kg, IP) was adminis tered prior  to ethanol  (2 
g/kg) injection. Blood ethanol  concent ra t ions  were  deter- 
mined at 0,5, 2.5, 3.5 and 4.5 hr for each animal. L inear  
regression analysis was used to determine  the rate of  disap- 
pearance  of  ethanol  from blood. 

Function Tolerance Experiments 

Animals  (group of  six) in the chamber  were  exposed  to 
ethanol  vapor  (nominal concentra t ion:  28 mg/liter) by inha- 
lation for a period o f  24 hr as previous ly  descr ibed [3,14]. 
Briefly,  e thanol  (95%) was del ivered into a warmed  flask by 
an infusion pump at a cal ibrated rate o f  150 rag/rain. Air  f low 
of  5.35 li ters/min through the flask maintained an ethanol  
vapor  concent ra t ion  o f  28 rag/liter in the chamber .  Tempera-  
ture inside the chamber  was 25+ I°C. Ethanol  vapor  concen-  
tration was determined twice daily in duplicate at 4 hr into 
the procedure  and at 24 hr. Food  and water  were  available 
during the period of  e thanol  vapor  exposure .  Control  animals 
were  exposed  to air only in the chamber  and food was re- 
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stricted to match that consumed by the ethanol-treated 
animals in order to reflect the weights attained by the treated 
group. 

Sleeping time was used as an index of ethanol-induced 
hypnosis and was measured as the time interval between the 
loss of the righting reflex after ethanol injection (4 g/kg, IP) 
and the gain of the righting reflex. The gain of the fighting 
reflex required that the animal be able to re-right himself 
within one minute, after again being placed on his back. A 
blood sample (20/~l) was taken from the orbital sinus of each 
animal after regaining the righting reflex. 

These experiments determined the effect of muscimol on 
ethanol-induced sleep time in tolerant animals. Forty-eight 
hours after removal of animals from the chamber procedure, 
both air-treated (controls) and ethanol vapor-treated animals 
were divided into two groups. The first group of the ethanol 
vapor- or air-exposed animals received muscimol (1.75 
mg/kg, IP) 15 min prior to the 4 g/kg, IP dose of ethanol. The 
second group of the ethanol vapor- or air-exposed animals 
received saline injection 15 rain prior to the 4 g/kg, IP dose of 
ethanol. When the animals regained the righting reflex, blood 
samples (20 /~l) were obtained from the orbital sinus to 
measure ethanol content. 

Statistical Analysis 

Significant differences were determined by analysis of 
variance (ANOVA). All multiple comparisons with a control 
were done by ANOVA followed by Dunnett's test. All data 
were analyzed using an Apple IIe Computer. 

RESULTS 

Acute ethanol administration caused an increase in motor 
impairment as seen by the increased height required for 
aerial righting and blood ethanol content (Control group, 
Table 1). When the effect of the GABA receptor agonist 
muscimol was examined on ethanol-induced motor impair- 
ment, there occurred a greater impairment in motor coordi- 
nation (higher aerial righting scores) when muscimol was 
combined with ethanol (Muscimol group, Table 1). Blood 
ethanol content at the time of testing was similar in the con- 
trol group when these data were compared with the mus- 
cimol group. Animals receiving muscimol prior to saline 
showed no impairment of aerial righting. In another experi- 
ment, muscimol (1.75 mg/kg, IP) was administered 15 min 
prior to saline, and did not induce hypnosis in these animals. 

Separate experiments were performed to note if muscimol 
influenced the rate of ethanol disappearance from the blood. 
Animals given saline prior to a 2 g/kg dose of ethanol showed 
an ethanol disappearance rate of 0.32_ 0.03 mg/ml/hr (N = 6). 
The rate of ethanol disappearance from the blood in animals 
receiving muscimol (1.25 mg/kg, IP) 15 min prior to ethanol 
(2 g/kg, IP) was 0.29---0.02 mg/ml/hr (N=6). 

After 24 hr of ethanol vapor exposure in the chamber, the 
ethanol content in the chamber was 26.0+0.8 mg/liter. The 
blood ethanol content in animals at the end of the inhalation 
procedure was 4.41-+0.06 mg]ml. The rate of disappearance 
for ethanol from blood was 0.38-+0.02 mg/ml/hr (N=6). The 
changes in body weight that occurred at the end of the 24 hr 
inhalation were decreases of 13.9-+0.06 and 13.4-+ 1.1 per- 
cent for the air-treated and ethanol vapor-treated animals, 
respectively. Also, after removal of the animals from the 
chambers, no significant signs of physical dependence were 
exhibited by the ethanol-treated animals when tested every 
hour for 12 hours as previously described [2,14]. 

The results for the effect of ethanol (4 g/kg, IP) on sleep 
time in animals at 48 hr after removal from the inhalation 
procedure are shown in Table 2. The rate of disappearance 
from the blood of acute ethanol was unchanged in ethanol 
vapor-treated animals (0.29---0.01 mg/ml/hr; N=6) and air- 
treated animals (0.32__-0.03 mg/ml/hr; N=6). These data indi- 
cate that functional tolerance to ethanol-induced sleep time 
was produced by the 24 hr ethanol inhalation procedure. 
Also, the effect of muscimol on ethanol-induced sleep time 
48 hr after removal from the chambers is indicated. Mus- 
cimol enhanced the sleep time both in ethanol vapor-treated 
animals (tolerant) and air-treated animals (non-tolerant). The 
increase in mean sleep time, however, in tolerant and non- 
tolerant animals was 64 and 74 min, respectively. The data in 
Table 2 indicate that although animals become functionally 
tolerant to the effect of ethanol as measured by sleep time (48 
hr after 1 day of ethanol inhalation), the animals do no ap- 
pear to have developed any extensive tolerance to the in vivo 
effect of muscimol. 

DISCUSSION 

The enhancement of the effect of ethanol on motor coor- 
dination and sleep time by muscimol produced in this inves- 
tigation supports previous results on sleep time in mice I11]. 
Others also indicate similar enhancement using other GABA 
agonists, such as aminooxyacetic acid [4,10]. Although it is 
suggested that GABA mimetic agents may themselves influ- 
ence behavior [8], our work shows that muscimol has no 
measurable effect on the aerial righting reflex test or on hyp- 
nosis when the drug is given alone. In addition, muscimol 
does not affect the rate of disappearance of ethanol from the 
blood, thus eliminating altered ethanol clearance as the rea- 
son for the observed effects, a possibility raised by others 
[1]. 

Previous neurophysiologic work suggests that acute ad- 
ministration of ethanol augments GABAergic transmission at 
a postsynaptic site [15]. Recent studies indicate that ethanol 
enhances GABA receptor-mediated chloride transport 
[17,18]. Ethanol-stimulated chloride uptake into brain vesi- 
cles is attenuated by Ro15-4513, an imidazobenzodiazepine 
derivative that is a benzodiazepine receptor inverse agonist 
[18]. Pentobarbital- or muscinol-stimu!ated chloride uptake 
into brain vesicles, however, is not attenuated by Ro 15-4513. 
It seems that Ro15-4513 has a unique action on the GABA 
receptor-mediated chloride ion complex unlike another ben- 
zodiazepine receptor inverse agonist [18]. Ro15-4513 also 
inhibits the acute intoxicating effects of ethanol, e.g., seda- 
tion, staggered gait and impaired righting reflex. 

It is of interest that although tolerance to the effect of 
ethanol occurs (Table 2), the effect of muscimol on ethanol- 
induced sleep time is unchanged after ethanol inhalation. 
This present finding appears to be supported by some recent 
in vitro evidence in the literature [7,16]. Ethanol does not 
affect the binding of [aH] muscimol to the GABA receptor or 
the binding of various radioligands to the benzodiazepine 
receptor [7]. In addition, in vitro work seems to rule out the 
direct involvement of benzodiazepine and picrotoxin sites on 
the GABA receptor complex in the phenomenon of tolerance 
to and withdrawal from ethanol [16]. These investigators 
suggest that tolerance to, and dependence on ethanol may be 
due to compensatory changes in other, counter-balancing, 
neurotransmitter systems. Moreover, ethanol shares a vari- 
ety of effects with benzodiazepines and barbiturates [17]. 
Also, behavioral cross-tolerance between ethanol, barbitu- 
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ra tes ,  and  b e n z o d i a z e p i n e s  is r epo r t ed  [6,9]. It is no t  en t i re ly  
clear,  however ,  tha t  e thanol  exer t s  the same act ion on  G A B A  
r e c e p t o r  ac t iv i ty  as do the  b e n z o d i a z e p i n e s  or  ba rb i tu r a t e s  
[17]. A l though  e v i d e n c e  in the  l i te ra ture  is beg inn ing  to 

sugges t  a re la t ionsh ip  be tween  e thano l ,  ba rb i tu ra t e s ,  ben- 
zod iazep ines ,  and  G A B A ,  it appea r s  tha t  fu r the r  experi-  
men ta t i on  is requ i red  before  a def ini t ive  exp lana t ion  can  be 
given.  
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