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509-514, 1978. - Glutamate diethyl ester, a specific glutamate antagonist, attenuated the seizures and decreases in 
behavioral activity that were observed in mice during withdrawal. Prior to withdrawal, ethanol-dependent animals were 
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this phenomenon contributes to the signs of ethanol withdrawal. 
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GOLDSTEIN [16, 17, 18] made the observation that the 
convulsions that result from experimentally-induced 
ethanol withdrawal in animals did not seem to be the result 
of overactivity of either the acetylcholine, the serotonin, or 
of  the catecholamine brain neuronal systems, and suggested 
[ 16] that " the withdrawal reaction reflects overactivity of 
an endogenous brain excitatory system of unknown nature 
(p. 9)". We propose that the brain glutamic acid system 
could be this unknown excitatory element, for the fol- 
lowing reasons: (1)glutamic acid, a putative neuro- 
transmitter, is excitatory for almost all central nervous 
system (CNS) neurons [7,26];  (2) -r-aminobutyric acid 
(GABA) is an effective antagonist of the excitation that is 
produced by glutamic acid when it is applied ionto- 
phoretically to central neurons [8] ;  (3) agents that elevate 
brain GABA levels can greatly alleviate ethanol-withdrawal 
convulsions [ 16, 17, 18, 22, 35], while picrotoxin, a GABA 
antagonist, aggravates such convulsions [16, 17, 18]. 

We chose the inhalation model of ethanol dependence 
developed by Goldstein [15, 17, 25] to explore the 
involvement of the brain glutamic acid system in ethanol 
dependence. The fact that it is necessary to administer 
pyrazole, an alcohol dehydrogenase inhibitor, when using 
this model has somewhat limited its generalizability, as 
pyrazole itself has a number of troublesome side effects (cf. 
[17] ). For example, one study reported a change in brain 
norepinephrine levels as a result of pyrazole treatment 
[30], although a later investigation failed to confirm this 
finding [2]. Nonetheless, the profile of drugs that are 
effective in alleviating the withdrawal reaction using the 
inhalation model closely parallels the drugs that are 
effective in treating human ethanol withdrawal [ 13,17]. 

In the present study we report that glutamate diethyl 
ester, a glutamic acid antagonist, greatly attenuates the 
ethanol withdrawal reaction. In a second series of  ex- 
periments we found that ethanol-dependent animals are 
supersensitive to kainic acid, a putative glutamate agonist, 
but not to the convulsive drug pentylenetetrazol. These 
findings support the hypothesis that an increase in 
glutamate-mediated CNS excitation is a cause of at least 
some of the signs of ethanol withdrawal, and suggest the 
possibility that the primary adaptation of the central 
nervous system to chronic ethanol administration involves 
supersensitivity to the physiological effects of glutamate. 

EXPERIMENT 1 

If excess activity of  brain glutamic acid systems is indeed 
responsible for the ethanol-withdrawal reaction, then this 
reaction should be lessened by glutamate antagonists. 
Glutamate diethyl ester (GDEE) is a specific antagonist of 
neuronal excitation induced by excitatory amino acids but 
causes no direct neuronal suppression of its own [6, 21, 28, 
31, 42] and penetrates the blood-brain-barrier [9]. We 
administered GDEE at various times following the with- 
drawal of animals from chronic ethanol explosure and 
observed two manifestations of the withdrawal reaction, 
seizures elicited by handling and decreases in behavioral 
activity. For purposes of comparison, the effects of 
imidazole acetic acid (IMA), a putative GABA agonist 
[ 14,43], on alcohol-withdrawal seizures and on the activity 
of normal animals was also examined. 
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METHOD 

Animals 

Adult male Swiss-Webster mice (CF1 strain, obtained 
from Midwest Research Animals, Shawnee Mission, KS) 
weighing 22 to 43 g were used in the experiments. These 
animals had no previous experimental history. 

Drugs and Injections 

All drugs were dissolved in distilled water and injected IP 
in a volume of 10 ml/kg. L-glutamic  acid diethyl ester and 
imidazole acetic acid were obtained from Sigma Bio- 
chemicals and pyrazole was obtained from Eastman 
Chemical Company. 

Apparatus 

Mice were exposed to ethanol vapor in a 38 cm × 25 cm 
x 26 cm high Plexiglas chamber similar to that described by 
Goldstein [ 15,20], except that ethanol was introduced into 
the chamber by bubbling between one-sixth and one- 
seventh of the incoming air through absolute ethanol as 
described by Patel and Lal [37]. Behavioral activity was 
measured in a Lehigh Valley photocell activity cage as has 
been described in a previous study from this laboratory 
[11]. 

Ethanol Determinations 

An enzymatic assay was used for the measurement of 
both blood and chamber ethanol concentrations [29]. 
Blood ethanol was determined by removing 0.2 ml of  blood 
from selected mice by heart puncture, diluting with four 
volumes of 2% perchloric acid solution, centrifuging at 
1000 g for 10 min, and measuring the concentration of 
ethanol in the supernatant. Chamber ethanol was measured 
by withdrawing 1.0 and 0.5 ml of air from the inhalation 
chamber with a Hamilton gas-tight syringe and injecting it 
into cuvettes which contained the assay mixture and which 
had been fitted with serum stoppers. Since the results from 
the two volumes did not at any time differ substantially, 
the datum used was the average of the two (0.5 and 1.0 ml) 
determinations. 

The concentration of ethanol in the chamber atmo- 
sphere was maintained at (.X ± SD) 8.6 ± 1.3 mg/1 for the 
first 24 hr, 12.3 +_ 1.0 rag/1 from 2 4 - 4 8  hr, and 13.7 ± 
1.1 mg/1 from 4 8 - 7 2  hr. 

Procedure 

Groups of 10 -20  mice were exposed to ethanol vapor in 
the Plexiglas chamber for 3 days, using the methods of 
Go!dstein [15, 16, 20].  Each mouse was injected IP with 
1.67 g/kg of ethanol just prior to his introduction into the 
test chamber, and with 68 mg/kg pyrazole at the same time 
and after 24 and 48 hr. Pyrazole does not interfere with the 
enzymatic assay for blood ethanol used here [15]. After 
72 hr of  exposure the mice were removed from the 
inhalation chamber. 

Convulsions elicited by lifting the mice by their tails 
were rated on a 1 - 4  scale, at the start of the inhalation 
sessions, once per hr for the first 14 -15  hr after removal 
from ethanol exposure, then every few hours until 27 hr 
had elapsed, and thereafter once per day for the next three 
days. The convulsion rating scale was modified from that 
used by Goldstein [15, 16, 20] as follows: A score o f l  was 

assigned for intermittent or mildly severe tonic flexion of 
the limbs, a score of  2 for continuous and severe tonic 
flexion of the limbs possibly accompanied by a very mild, 
brief tonic-clonic episode, a score of 3 for a single distinct 
tonic-clonic episode, and a score of 4 was assigned for 
multiple tonic-clonic episodes. 

Behavioral activity was measured in four groups of mice, 
10 mice per group, given either saline (2 groups) or 
480 mg/kg GDEE (2 groups). Half of  the animals were 
exposed to ethanol for three days and injected upon 
removal from the ethanol-inhalation chamber; the other 
animals (normal animals) were never exposed to ethanol or 
to pyrazole. Activity was measured for 1 min at 1 and 3 hr 
after the injections of GDEE or saline. 

The activity of three additional groups of 10 animals was 
tested as controls for the effects of pyrazole injections. One 
of these groups was treated chronically with pyrazole and 
tested after injection of 480 mg/kg GDEE, a second group 
was treated chronically with pyrazole and tested after 
injections of  saline, and a third group was treated 
chronically with saline and tested after injections of saline. 

Four additional groups of  normal mice were given 
injections of either saline (N = 9) or IMA in one of the 
three doses, 41 mg/kg ( N = 8 ) ,  82 mg/kg (N =7)  and 
164 mg/kg (N = 6) and their activity was measured after 1 
and 3 hr. IMA (82 mg/kg) was also administered 5 hr after 
withdrawal from ethanol to test for its effects on with- 
drawal seixures. 

Double-blind procedures were used throughout; the 
nature of the treatment was not known either to the person 
giving injections or to the person making behavioral 
observations. 

RESULTS 

The schedule of ethanol inhalation that was used 
resulted in blood ethanol concentrations of (X ± SD) 0.71 ± 
0.10 mg/ml after 3 hr, 0.77 ± 0.08 mg/ml after 25 hr, 1.28 
± 0.16 mg/ml after 49 hr, 1.43 ± 0.07 mg/ml after 72 hr of 
exposure, and 0.57 ± 0.11 mg/ml 2 hr after removal from 
ethanol exposure. 

The temporal pattern of withdrawal scores observed in 
this study (see Fig. 1) was similar to that observed by 
Goldstein [16]. It is noteworthy that Goldstein observed 
peak scores 8 - 1 0 h r  after removal from exposure to 
ethanol, and we also observed distinct peaks after 9 - 1 0  hr 
for the control animals in most experiments. However, in a 
few experiments (such as that shown in Fig. l )  there was 
only a broad peak between 8 and 14 hr. Mean inter- 
observer agreement for seizure scores plus or minus one 
point was 95%. 

GDEE caused a marked decrease in the seizure scores 
observed during ethanol withdrawal (Fig. 1 ). When injected 
5 hr after the termination of ethanol inhalation, 480 mg/kg 
GDEE caused a 61% decrease in seizure scores (p<0.002, 
two-tailed Mann Whitney U test). This attenuation of 
seizure scores by this dose of GDEE became apparent 
within 2 hr after the injection of GDEE and persisted for 
approximately 11 hr (Fig. 1). In general, the maximal effect 
of the drug appeared to begin about 2 or 3 hr after the 
injection, and lasted for at least 6 hr. Thus the effects of 
GDEE on withdrawal seizures were evaluated in terms of 
the sum of the scores obtained in the determinations made 
2, 3 and 4 hr after the injections. 

The effect of GDEE was found to be dose-related and 
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FIG. 1. The time course of ethanol-withdrawal seizures for 10 mice 
that were given IP injections of 480 mg/kg GDEE 5 hr after removal 
from ethanol exposure (triangles) as compared to 10 controls given 

saline (circles). Vertical bars indicate standard errors of the mean. 

d e p e n d e n t  u p o n  the  t ime  o f  drug a d m i n i s t r a t i o n  (Fig. 2). It 
is no t ab le  t ha t  480  mg/kg  GDEE was no t  very effect ive  
w h e n  admin i s t e r ed  at  the  t ime  o f  removal  f rom e t h a n o l  
exposure ,  be fore  the  wi thd rawa l  reac t ion  was unde rway .  It 
is also in te res t ing  t h a t  in t w o  expe r i m en t s  (480  mg/kg ,  2 hr  
and  480  mg/kg,  5 hr )  the  m e a n  seizure score for  the  G D E E  
group f rom 2 4 - 1 0 0  hr  a f t e r  r emova l  f rom e t h a n o l  ex- 
posure  was sl ightly ( b u t  no t  s ignif icant ly ,  p > 0 . 2 )  grea ter  
t han  t ha t  for  the  controls .  None the less ,  the  wi thd rawa l  
reac t ion  in these  G DEE- t rea ted  animals  never  reached  a 
m a x i m u m  severi ty  app roach ing  t ha t  observed  in controls .  

Chron ic  exposure  to  e t h a n o l  in c o m b i n a t i o n  wi th  
pyrazole  was found  to cause a 62% decrease  in s p o n t a n e o u s  
behaviora l  ac t iv i ty  scores as c o m p a r e d  to  n o r m a l  con t ro l s  
( p < 0 . 0 0 2 ,  two- ta i led)  (Fig. 3), while exposure  to  pyrazole  
a lone caused on ly  an 8% decrease  in ac t iv i ty  (p>0 .2 ) .  Such  
act ivi ty  decreases could  be cor re la ted  w i th  the  sever i ty  of  
w i thd rawa l  signs. Fo r  the  e thano l - exposed  animals  whose  
data  are dep ic ted  in Fig. 3, the re  was in fact  a small  
(Kendal l ' s  Tau of  - 0 . 4 8 )  b u t  s ta t is t ical ly  s ignif icant  (p = 
0 .0412 ,  two- ta i l ed)  negat ive cor re la t ion  b e t w e e n  behaviora l  
act ivi ty  and  seizure scores a f te r  3 hr  of  wi thdrawal .  

GDEE (480  mg/kg)  was f o u n d  to cause a 32% decrease  
( p < 0 . 0 2 )  in the  s p o n t a n e o u s  behaviora l  act ivi ty  of  n o r m a l  
mice 1 hr  a f te r  in j ec t ion  (Fig. 3). Decreases in act ivi ty  were 
also observed a f te r  the  in jec t ion  of  480  mg/kg  o f  G D E E  in 
mice p re t r ea t ed  wi th  pyrazole  a lone;  these  effects  (39% 
decrease a f te r  1 hr,  p < 0 . 0 2 ;  7.5% decrease  af te r  3 hr,  
p > 0 . 2 )  were similar  to those  observed in n o r m a l  animals  
t r ea ted  wi th  ne i t he r  pyrazole  no r  e thanol .  However ,  w h e n  
G D E E  was admin i s t e red  at  the  t ime  of  removal  of  the  
an imals  f rom e t h a n o l  exposure  it did no t  s igni f icant ly  
decrease act iv i ty  a f te r  1 hr  (11% less, p > 0 . 2 ) .  Af te r  3 h r  of  
wi thdrawal ,  the  mice t r ea t ed  wi th  GDEE showed  an 
increase in behav iora l  act ivi ty  (31%, p = 0 .064) .  

IMA also decreased behaviora l  act ivi ty  in a dose- 
d e p e n d e n t  fashion.  One hr  a f te r  in j ec t ion  the  smallest  dose, 
41 mg /kg  decreased m e a n  act ivi ty  by  9.4% as c o m p a r e d  to 
cont ro ls ,  8 2 m g / k g  decreased act iv i ty  by  36 .5% and 
164 mg/kg  decreased act ivi ty  by  93.2%. This  ef fec t  of  IMA 
had d isappeared  by  3 hr  a f te r  the  in ject ions .  In t e rms  of  
causing act iv i ty  decreases,  a dose of  82 mg/kg  IMA was 
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FIG. 2. The left-hand graph shows the percentage attenuation of 
ethanol-withdrawal seizures by different doses of GDEE adminis- 
tered 5 hr after removal from ethanol exposure. The right-hand 
graph shows the percentage attenuation of ethanol-withdrawal 
seizures by 480 mg/kg GDEE when administered simultaneously 
with removal from ethanol exposure, or 2 hr or 5 hr thereafter. 
Each point represents a single experiment for which 8 - 1 0  control 
animals and 8 - 1 0  GDEE-injected animals were used. The score 
from which these percent-attenuation figures were derived is the 
sum of the third through fifth seizure determinations after 

injections were given. 
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FIG. 3. Behavioral activity of mice that had been removed from 
ethanol exposure (EtOH) and simultaneously given IP injections of 
480 mg/kg glutamic acid diethyl ester (GDEE) or saline, or of 
normal mice given the same injections (No EtOH), measured for 
1 min, 1 and 3 hr after the injection. Each entry represents the 
mean and standard error of the mean for the scores of ten animals. 

roughly  equiva len t  to  a dose of  480  mg/kg  of  GDEE (36 .5% 
and 32% decreases in act iv i ty ,  respect ively) .  However ,  w h e n  
tes ted  for  effects  on  e thano l -w i thd rawa l  seizures, 82 mg/kg  
IMA caused a 31% decrease  ( p < 0 . 0 0 2 ) ,  which  was on ly  
a b o u t  ha l f  as great  a decrease as t ha t  ob t a ined  for  
480  mg/kg  GDEE (61%).  

DISCUSSION 

GDEE,  in doses t ha t  resul ted in on ly  m o d e r a t e  and shor t  
lived decreases  in behaviora l  act ivi ty,  caused large and long 
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lasting decreases in withdrawal seizure scores. Since similar 
decreases in behavioral activity were not observed in 
animals administered GDEE during ethanol withdrawal (a 
tendency for activity to increase was in fact observed 3 hr 
after injection), GDEE could not have been attenuating 
seizure scores merely by causing general sedation. This 
conclusion is also supported by the observation that doses 
of IMA (a GABA agonist) that were similar to GDEE in 
terms of causing activity decreases were much less effective 
than GDEE in diminishing withdrawal seizures. 

GDEE, when administered simultaneously with removal 
from ethanol exposure, seemed to cause a partial atten- 
uation of the withdrawal-associated decreases in activity. 
Since activity decreases correlated with seizure scores these 
decreases may be considered as an alternative measure of 
the severity of withdrawal. Thus, GDEE was somewhat 
effective in ameliorating withdrawal symptoms by this 
measure also. However, since the statistical significance of 
results relating to behavioral activity was marginal, con- 
clusions here should be considered to be only tentative. 

GDEE was not greatly effective in decreasing seizure 
scores when administered at the time of removal from 
ethanol exposure. It is suspected that, in this case, GDEE 
was partially metabolized before the withdrawal scores had 
reached significant levels: Desi and his colleagues [9] 
observed that the effects of GDEE on EEG began to diminish 
about 3 hr after IP injections. The short duration of action 
of GDEE is also attested to by our finding that most of the 
effects of GDEE on behavioral activity had disappeared by 
3 hr after injection. Therefore it is interesting that the same 
dose of GDEE was effective in decreasing seizure scores for 
as long as 11 hr when administered 5 hr after removal from 
ethanol exposure. A plausible mechanism for such an 
anomalously long activity of GDEE is the presence of a 
critical period of CNS hyperexcitability in the ethanol 
withdrawal phase and that if an agent is capable of blocking 
this increased excitability at that critical period, then it 
allows for the recovery of neurobiological mechanisms that 
reduce excitability. Thus the duration of the GDEE effect, 
as well as its magnitude, was dependent on the time of drug 
administration. Whether this observation is unique to 
GDEE or would be shared by other drugs in the ethanol 
withdrawal situation has yet to be determined. 

EXPERIMENT 2 

The phenomenon of postsynaptic supersensitivity has 
been observed primarily as a sequel to interruptions in the 
innervation of peripheral excitable tissues [ 10]. It has been 
suggested that drugs for which chronic administration 
brings about physical dependence have the ability to 
functionally denervate at least some central neurons [3, 4, 
24, 39] thus causing them to develop supersensitivity to 
certain chemical agents. There is some evidence that both 
opiate and ethanol dependence involve supersensitivity 
phenomena [5, 12, 33, 40, 44].  In fact, at the cellular level, 
changes in synaptosomal glutamate-binding activity have 
been observed in our laboratory as a result of chronic 
ethanol ingestion [34]. Based on these findings and the 
effectiveness of GDEE on ethanol withdrawal we decided 
to test the hypothesis that supersensitivity to the CNS 
excitatory effects of glutamate develops during states of 
ethanol dependence. 

Withdrawal from chronic ethanol exposure leads to 
increased sensitivity to the convulsant action of agents such 

as pentylenetetrazol [23,38] whereas acute ethanol in- 
jections have an anticonvulsant effect [1,32]. Normally, 
one would not expect a general hypersensitivity to con- 
vulsants to appear while an organism is still receiving 
ethanol. However, if supersensitivity only to certain exci- 
tatory CNS transmitters does develop during the appear- 
ance of physical tolerance to ethanol, then it would be 
possible that even under the condition of continuous 
ethanol exposure these organisms will be hypersensitive to 
agonists of those particular transmitters. We tested the 
prediction that supersensitivity to glutamate develops 
during ethanol dependence by looking for a change in the 
sensitivity of the CNS to kainic acid, a putative glutamate 
receptor agonist [25, 36, 41 ] in ethanol-dependent animals 
which were still inhaling ethanol. This procedure was 
selected so that if the animals showed supersensitivity to 
kainic acid it could not be attributed to general hyper- 
excitability of the CNS due to withdrawal of ethanol, but 
rather due to an effect on receptors that we have 
hypothesized to be supersensitive even in the presence of 
ethanol. For comparison, we also tested the possibility of a 
generalized state of supersensitivity to excitatory agents by 
determining thresholds for the convulsive drug pentyl- 
enetetrazol [27] in ethanol-dependent (while still inhaling 
ethanol) as compared to control animals. 

METHOD 

Animals 

Experimentally naive adult male Swiss-Webster mice, 
similar to those used in Experiment 1, were employed. 

Drugs and Infections 

Kainic acid was dissolved in distilled water and the pH 
was adjusted to 7.0 with NaOH. Pentylenetetrazol was 
dissolved in physiological saline solution. All injections 
were IP, in a volume of 10 ml/kg. Kainic acid and 
pentylenetetrazol were obtained from Sigma Biochemicals. 

Apparatus 

Mice were exposed to ethanol vapor in the same 
apparatus described in Experiment 1. Mice not exposed to 
ethanol were observed in a 30 cm dia. Plexiglas cylinder. 

Procedure 

Groups of animals (dependent animals) were exposed to 
ethanol vapor as in Experiment 1, except that ethanol 
exposure was continued until 99 hr and an additional 
pyrazole injection was given after 72 hr of exposure. 
Control animals were not exposed to ethanol vapor, but 
were simultaneously deprived of food and water to mimic 
the weight losses that occurred in the ethanol-dependent 
animals. Drugs were injected beginning after 96 hr of  
ethanol exposure, while the dependent mice were briefly 
removed from the inhalation chamber, and all observations 
were made while the dependent animals (but not the 
controls) continued to inhale ethanol vapor. Any 
noticeably lethargic or sick animals were not used. 

At 96 hr, we injected 40 mg/kg of neutralized kainic 
acid, a dose that we found to be subconvulsive for the 
majority of animals in preliminary testing. In the first of 
two identical experiments ten dependent animals and 
fifteen controls were used, and in the second experiment 



G L U T A M I C  ACID AND E T H A N O L  DEPENDENC E 513 

seven dependen t  animals and ten controls  were used. The 
animals were observed cont inuous ly  for 3 hr, and the 
occurrence of  seizures and any o ther  unusual  behavior  was 
noted.  

In a third exper iment ,  thresholds for the induc t ion  of  
seizures by the convulsive drug penty lene te t razo le  were 
determined in seven e thanol -dependent  (while still inhaling 
ethanol)  and eight cont ro l  animals. The me thod  used [27] 
involves de te rmina t ion  of  the number  of  15 mg/kg IP 
injections,  equally spaced at 15 min intervals, unt i l  the 
onset of  generalized convulsions.  These inject ions were 
initiated after 96 hr  of  exposure  to  e thanol  vapor  and were 
cont inued unti l  each of  the animals had generalized 
convulsions.  

Finally, a control  exper iment  was per formed to de- 
termine whe the r  chronic  pyrazole  t rea tment  alone would  
have any effect  on the convulsive response to kainic acid. 
This exper iment  was per formed at a later date and, for an 
unknown  reason, the animals were more sensitive to kainic 
acid than previously as 5 of  7 normal  animals had 
convulsions after  t r ea tment  with 40 mg/kg.  Thus a smaller 
dose, 30 mg/kg,  was used. Eleven controls  and 11 pyrazole-  
treated animals were tested according to exact ly the same 
regime as that  used for the first two exper iments  except  
that  no e thanol  was administered.  

R E S U L T S  

In the first kainic acid exper iment ,  8 of  10 dependen t  
animals but  only 3 o f  25 controls  had seizures during the 
period f rom 8 0 - 1 0 0  min after  the injections,  when the 
number  of  animals having seizures had reached asympto t ic  
levels (p = 0.00483,  two-tai led Fisher exact  test). In the 
second kainic acid exper iment ,  5 of  7 dependent  animals 
and 2 of  10 controls  had seizures during this period (p = 
0.0522).  For  the grouped data from the two exper iments  
the differences were highly significant (p = 0 .00076,  two- 
tailed). The t ime course Of seizure act ivi ty after the 
inject ions for the grouped data f rom these two  exper iments  
are shown in the left  half  of  Fig. 4. In contrast ,  2 of  11 
animals t reated chronically with pyrazole  only and 2 of  11 
saline-injected controls  had convulsions after  inject ions of  
30 mg/kg of  kainic acid. 

The penty lene te t razo l  threshold de terminat ions  revealed 
no differences be tween  the groups;  the t ime course of  the 
onset of  seizures is also shown in Fig. 4. The dependent  
animals began to have seizures af ter  a mean  of  5.8 
injections,  and the control  animals after  a mean of  6.0 
injections.  

D I S C U S S I O N  

In two  experiments ,  a striking difference in the sen- 
sitivity to kainic acid was demonst ra ted  be tween  e thanol  
dependent  and control  animals; Ethanol  dependent  animals 
are supersensitive to kainic acid, a putat ive g lu tamate  
agonist. That  observat ion alone does not  necessarily in- 
dicate a significant role for glutamic acid in the ethanol-  
dependence  process, since e thanol  dependence  might  be 
accompanied by a non-selective supersensit ivity to many  or 
all central  exc i ta tory  agents. However,  no differences in the 
penty lene te t razol  seizure thresholds be tween  e thanol  de- 
pendent  and cont ro l  animals were noted.  Therefore ,  
e thanol  dependent  animals are supersensitive to kainic acid 
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FIG. 4. The percent of animals having seizures as a function of time 
elapsed since a single 40 mg/kg injection of kainic acid (left-hand 
graph) or as a function of the number of 15 mg/kg injections of 
pentylenetetrazol given at equal 15-rain intervals (right-hand graph). 
The squares indicate the data for 17 (left-hand graph) or 7 
(right-hand graph) animals that had been inhaling ethanol vapor for 
4 days, while the circles indicate the data for 25 (left-hand graph) or 

8 (right-hand graph) animals that were never exposed to ethanol. 

while they cont inue to be exposed to ethanol,  even though 
they are not  supersensitive to penty lene te t razo l  under  the 
same condit ions.  

G E N E R A L  DISCUSSION 

The results obtained in this s tudy seem to be consistent 
with a role for glutamic acid in the e thanol  dependence  
process, al though there are o ther  possible explanat ions for 
the present findings. One is that  GDEE might  impede the 
metabol ism of  ethanol.  However ,  if  this were true, one 
would expec t  GDEE to be less effect ive once the with- 
drawal react ion was well underway.  This is contrary to the 
exper imenta l  findings described in this paper. Ano the r  
possibility is that the results could be due to some as yet  
undiscovered nonspecif ic  effect  of  the drugs employed.  A 
final possibili ty to be considered is that  the effects  obtained 
could be peculiar to the use of  pyrazole,  since pyrazole  
injections accompanied  e thanol  adminis t ra t ion in all of  the 
exper iments .  

The observat ion of  supersensit ivity to kainic acid, how- 
ever, may be a ref lect ion of  an increase in the sensitivity of  
the central nervous system to the act ion of  glutamate.  We 
suggest that  this change occurs as a compensa tory  adap- 
tat ion to cont inuous  e thanol  exposure.  It thus follows that  
when ethanol  exposure is terminated,  wi thdrawal  seizures 
result as a consequence of  the return to normal  activity at 
an excess number  of  glutamate  receptor  sites. This is in 
agreement  with our  findings that  excess CNS exci ta t ion in 
e thanol  dependent  animals was more easily produced by a 
putative glutamate  agonist and that  a glutamate antagonist  
was effective in a t tenuat ing an exper imenta l  ethanol-  
wi thdrawn reaction. 
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