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HUNTER, B. E., BOAST, C. A., WALKER, D. W. AND S. F. ZORNETZER. Alcohol withdrawal syndrome in rats: 
neural and behavioral correlates. PHARMAC. BIOCHEM. BEHAV. 1(6) 719-725,  1973.-Rats were chronically 
implanted with electrodes in the ventral hippocampus, amygdala and anterior cortex and maintained on liquid diets as 
their only source of calories and fluid for 15 days. The diet consisted of 35-40% of the calories in the form of ethanol 
while a control group was pair-fed identical diets with sucrose isocalorically substituted for ethanol. On the sixteenth day 
the diets were removed and electrographic activity and behavior were simultaneously observed for 8 - 1 0  hr. 
Withdrawal symptoms were observed beginning 2 - 4  hr following alcohol abstinence and included tail-stiffening, 
tremors, severe ataxia and auditory-induced convulsions. EEG epileptiform activity was observed and initially consisted 
of transient spike events, which usually became progressively organized into brief spike bursts or sustained paroxysmal 
activity. The results suggested that cortical bioelectric activity may not play a primary role in the genesis of behavioral 
hyperexcitability during alcohol withdrawal. The utility of the method of combined observations of neural bioelectric 
activity and behavior for the delineation of the neural substrates of alcohol withdrawal symptoms was discussed. 
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THE STUDY of a lcohol i sm has been  h a m p e r e d  by  an 
inabi l i ty  to  develop an an imal  mode l  which  fa i thful ly  
a p p r o x i m a t e s  the  psychological  and physiological  charac-  
terist ics man i fes t ed  in the  h u m a n  cond i t i on .  Several cri teria 
have been  es tabl ished for such a model  [ 1 9 ] .  Perhaps  the  
mos t  p rob l ema t i c  of  these cri teria is the  vo lun ta ry  se lec t ion  
of i n tox ica t ing  quan t i t i e s  of  e t hano l  since mos t  animals  
exh ib i t  a s t rong  initial aversion to this  subs t ance  ] 2 4 ] .  
A l lhough  the  factors  which  c o n t r i b u t e  to  increases  in the  
p re fe rence  for  e thano l  as a func t ion  of  the  d e v e l o p m e n t  of  
physical  d e p e n d e n c e  remain  obscure ,  several pha rmac-  
ological models  ]221 have been developed which  provide  a 
m e t h o d  to s tudy  the  behaviora l  and physiological  conse-  
quences  of  p ro longed  e thano l  c o n s u m p t i o n .  The  t e c h n i q u e  
c o m m o n  to each of  these  models  is the  forced c o n s u m p t i o n  
of  e thano l  by  a var ie ty  of  means  inc luding  oral [9, 10, 2 5 ] ,  
i n t r avenous  [ 4 , 3 0 ] ,  in t ragast r ic  [5, 8, 12] and resp i ra to ry  
[14]  routes  of  admin i s t r a t i on .  The  emphas i s  in these  
s tudies  has been on  the  d e v e l o p m e n t  o f  t e chn iques  to 
induce  physical  d e p e n d e n c e  and  t he  d e v e l o p m e n t  of  
valuable behaviora l  cri teria for eva lua t ion  of  the  in tens i ty  
of  the  wi thdrawal  s y n d r o m e  [ I 0 , 1 3 ] .  

T h e  behaviora l  s y m p t o m s  observed dur ing  a lcohol  
wi thdrawal  are believed to reflect  the  release of  a l a ten t  
s ta te  of  "neura l  h y p e r e x c i t a b i l i t y "  [18 ,23]  p roposed  to 
result  f rom a var ie ty  of  cellular adapt ive  mechan i sms  [3, 
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17, 20 ] .  The  presence  of  this  neural  hype rexc i t ab i l i t y  has 
been  largely inferred f rom behaviora l  obse rva t ions  derived 
f rom t echn iques  such as th resho ld  r educ t i on  for s tar t le  
responses  [ 12] or convuls ions  elicited by  e lec t roconvuls ive  
s h o c k  [ 2 1 ] ,  chemical  [26]  or  a u d i t o r y  s t imu la t i on  
[ 1 1 , 2 6 ] .  To date ,  l i t t le is k n o w n  a b o u t  the  neural  mech-  
anisms under ly ing  the  d e v e l o p m e n t  o f  hyperexc i t ab i l i t y  
dur ing  a lcohol  wi thdrawal .  One t e c h n i q u e  tha t  has not  been  
effect ively uti l ized in animal  research conce rned  with the  
wi thdrawal  s y n d r o m e  is e lec t rophys io logica l  m o n i t o r i n g  of  
specific bra in  regions. 

There  is an extensive  clinical l i tera ture  conce rned  wi th  
e l e c t r o e n c e p h a l o g r a p h i c  (EEG)  abnorma l i t i e s  recorded  
f rom h u m a n  alcohol ics  [ 1 ]. Few s tudies  have dealt  wi th  the  
a lcohol  wi thdrawal  s y n d r o m e  [ 1 ], possibly due  to i nhe ren t  
me thodo log ica l  diff icul t ies .  For  example ,  t r emors  and 
general  ag i t a t ion  dur ing  wi thdrawal  make  it diff icul t  to  
ob ta in  suff ic ient  du ra t i on  of  ar t i fact-f ree  scalp EEG [ 2 9 ] .  
Fu r the r ,  rou t ine  med ica t ion  dur ing  a lcohol  wi thdrawal  
obscures  the  i n t e r p r e t a t i o n  of  EEG recordings  [ 1 ] ,  Final ly  
EEG d y s r h y t h m i a s  dur ing  a lcohol  wi thdrawal  in h u m a n s  
have been charac te r ized  as mild 129] .  However ,  since 
h u m a n  EEG recordings  consist  a lmost  exclusively of  scalp 
recordings,  subs tan t ia l  a b n o r m a l  subcor t ica l  b ioelec t r ic  
ac t iv i ty  may  be present  but  unde t ec t ed .  

The  present  e x p e r i m e n t  was designed to (1) develop a 
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reliable model  of a lcohol  wi thdrawal  in rats using the  liquid 
diet  t e c h n i q u e  previously used for mice by Freund  [10]  
and,  (2) to  a t t e m p t  to  charac ter ize  the  EEG abnormal i t i e s  
recorded direct ly  f rom deep and surface brain  regions 
dur ing  the  wi thdrawal  synd rome .  

MI'71HOI) 

Animals 

Twenty-seven  male,  hooded  rats weighing 250--.350 g 
were used in the expe r imen t .  They were housed individu- 
ally in stainless steel cages in a co lony  room having a 
7 : 0 0 a . m .  to  7 :00  p.m. light cycle. Food and wate r  were 
available ad lib pr ior  to  and dur ing  recovery f rom surgery. 

Surgery 

Stereo tax ic  surgery was pe r fo rmed  under  Nembuta l  
anes thes ia  (50 mg/kgl .  Three m o n o p o l a r  d e p t h  e lect rodes ,  
one b ipolar  e lec t rode  and two m o n o p o l a r  cort ical  screw 
e lec t rodes  were implan ted  in each animal .  The  m o n o p o l a r  
d e p t h  e lec t rodes  (00 stainless steel insect pins insula ted 
wi th  epoxyl i t e  to wi th in  0.5 m m  of the  t ip)  were implan ted  
in the  right amygdala  and bi la teral ly  in the  ventra l  h ippo-  
campus.  A twisted b ipolar  p l a t inum- i r id ium e lec t rode  
~125 u) was implan ted  in the  left amygdala .  Coord ina tes ,  
relative to bregma,  for t h e a m y g d a l a  were:  0.5 mm poste- 
r ior  of  bregma.  4.7 mm on e i the r  side of  midl ine ,  and 
%0 mm from brain  surface.  Coord ina tes  for the h ippo-  
campus  were: 3 . 6 m m  pos te r ior  of  bregma,  5.5 mm on 
e i the r  side of  midl ine ,  and 8.3 mm from brain  surface.  The 
two stainless steel screws (1/8 in. × 080)  were placed in the  
skull over lying an te r io r  cor tex .  3 mm an te r io r  of  bregma 
and 3 mm on e i ther  side of  midl ine.  A similar screw placed 
in the f ronta l  sinus served as ground.  Elect rodes  were 
soldered to a nine pin ITT C a n n o n  c o n n e c t o r  and the  ent i re  
assembly was fixed to the  skull wi th  denta l  cement .  

l.tquid Diets 

Details of the  p repara t ion ,  com pos i t i on  and nu t r i t iona l  
adequacy  of  the  l iquid diets used in this e x p e r i m e n t  have 
been  pre~;ented previously [ 2 7 ] .  Briefly, the  diet was 
prepared  f rom a 63.3% (V/v) stock so lu t ion  (prepared f rom 
g5% e thano l  and distil led wate r )  mixed with Metrecal  
S h a p e  (Mead  J o h n s o n  Co.) and con t a ined  35-40~:~ 
e thanol -der ived  calories. The c o n c e n t r a t i o n  of  e thano l  
ranged from 8.1 g .7%(V/v)  with  the diet providing approx-  
imately  1.3 Kcal/ml.  Sucrose was isocalorical ly subs t i tued  
for e thano l  in con t ro l  diets.  Both the  a lcohol  and sucrose 
diets  were add i t iona l ly  for t i f ied wi th  Vi tamin  Diet Fort i f i -  
ca t ion  Mixture ,  0.3 g /100  ml of  diet ,  and Salt Mixture  XIV, 
0 . S g / 1 0 0 m l  of  diet (Nut r i t iona l  Biochemicals  Corpor-  
a t ion) .  The diets  were prepared fresh daily and adminis-  
tered in ca l ibra ted  bot t les .  

Pr~c('dure 

Fol lowing a (,~. 16 day recovery period the  rats were 
divided in to  three  groups  (nine each)  ma tched  for body  
weight and reduced to 75% of  thei r  free feeding weight.  
Two of the groups  (alcohol  wi thdrawal ,  AW; and a lcohol  
cont ro l ,  AC) then  received the  a lcohol  liquid diet  and the 
remain ing  con t ro l  group was pair-fed the  sucrose l iquid diet  
~S() .  [ h e  lower  q u a n t i t y  of  l iquid diet  consumed  by e i ther  
an AW or At" rat,  was pair-fed to each co r respond ing  
ma tched  St" cont ro l .  

All rats were ma in ta ined  on the i r  respect ive diets  for 15 
days. Tile percent  of  total  calories as e t hano l  in the  liquid 
diets  was gradual ly  increased f rom 35---40% dur ing  this 
per iod.  Two AW rats were sacrificed af te r  the i r  head plug 
assemblies  became  d i sconnec ted  dur ing  the 15-day treat-  
men t  per iod.  On Day 16 the  diets  were removed  f rom the 
AW and SC groups.  Each AW rat was connec t ed  to a 
flexible,  low noise,  shielded cable (Microdo t ,  Inc.)  and 
placed in a recording chambe r  located in a shielded room.  
The record ing  c h a m b e r  (12 x 18 x l g i n . )  had a Plexiglas 
observa t ion  window.  EEG activity f rom all e lec t rode  place- 
ments  was con t i nuous ly  m o n i t o r e d  on a Grass Model 7 
p o l y g r a p h .  Behavior  was s imul t aneous ly  observed for 
8 - .10  hr  pos twi thdrawal . .  

During the 8 - 1 0 h r  period At" and St" rats were also 
observed and sample per iods of  El!(;  act ivi ty recorded.  The 
wi thdrawal  schedule  of the rats was staggered such that  
only  one AW rat (wi th  its co r re spond ing  S(7 and At '  
con t ro l s )  was w i t h d r a w n  on a given day.  During the  alcohol  
c o n s u m p t i o n  per iod one  AW rat dis lodged its diet  bo t t l e  
and p resumably  u n d e r w e n t  wi thdrawal  dur ing  the  night 
prior to its scheduled wi thdrawal .  There fo re  a to ta l  of (~ 
AW rats was observed dur ing  the scheduled wi thdrawal  
period.  

On the  day fol lowing wi thdrawal ,  the AW rats were 
replaced on the a lcohol  diets  as part  of  a separate  chronic  
expe r imen t .  After  15 days of c o n t i n u e d  a lcohol  consump-  
l ion,  con t ro l  EEG recordings were ob ta ined  f rom these rats. 

Itistologv 

Fol lowing the expe r imen t  all rats were given an overdose 
of Nembuta l  and were in t racardia l ly  perfused wi th  0.9?; 
saline fol lowed by 10% formalin .  The brains  were removed ,  
e m b e d d e d  in cel loidin,  and sect ioned at 30 microns.  
Sect ions  t h rough  the e lec t rode  tracks were s ta ined wi th  
cresyl violet.  [ l istological  ver i f icat ion of  amygdalo id  and 
h ippocampa l  e lec t rode  tip loca t ions  was ob ta ined  in 3 AW 
rats. All cort ical  p lacements  were verified. 

RI';SIII. I'S 

The mean  f re t  feeding weights  for the AW, At7, and St" 
groups were 339,  330  and 3 2 4 g  respectively.  No weight 
loss was observed dur ing  the liquid diet  t r e a t m e n t  per iod 
nor  was there  any evidence of  ma lnu t r i t i on .  All rats gained 
weighl dur ing  the l iquid diet  t r e a t m e n t  per iod,  wi th  the 
mean  weights  r e tu rn ing  from 75!5 (Day 1) to 00 95% of 
thei r  original  p redepr iva t ion  values on  the day of  with- 
drawal  (Day 16). E thano l  c o n s u m p t i o n  dur ing  the  15-day 
t r e a t m e n t  per iod was un i fo rmly  high. Mean daily con- 
sumpt ion  expressed as g /kg / r a t / day  was 15.2 (range: 
14.0 16.4) for the AW group and 16.0 (range: 14 .7- .17 .3)  
for the At? group.  Daily observa t ions  (31 AW and At" rats 
revealed signs of  gross in tox ica t ion  including ataxia,  docil-  
ity and loss of  coord ina t ion .  

The t ime course and behaviora l  s y m p t o m s  observed 
dur ing  the a lcohol  wi thdrawal  period were s tr ikingly similar 
to those repor ted  previously in mice [ 1 0 ] .  Initially there  
was a period of  m o t o r  hyperac t iv i ty  toge the r  with  the  
deve lopmen t  of  p i loerec t ion  and tail s t i f fening 2 . 4 h r  
pos twi thdrawal .  "Ihb: hyp'c~activity was usually t ransient  
and was fol lowed by gross hypoac t iv i ty  which  persisted for 
the r ema inde r  of  the observa t ion  period.  Hypoac t iv i ty  
developed and progressed,  conamensura te  with  the onset  of  
t i l e  most  severe wi thdrawal  s y m p t o m s  including t remors  
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and muscular  fasciculations, severe ataxia,  rigidity, hyper-  
reactivi ty and of ten ,  but  more variably, spontaneous  vocali- 
zations. The deve lopment  of  behavioral  symptoms  was 
similar in all AW rats. These symptoms  usually developed 
gradually and were observed to be most servere 6--10 hr 
p o s t w i t h d r a w a l .  At the point  where the behavioral  
symptoms  no longer appeared to be increasing in severity 
the rats were tested for susceptibi l i ty to audi tory- induced 
convulsions.  A shaking of  keys ( 3 - 8  sec) near the top of  
the recording chamber  resulted in running episodes and 
t o n i c - c l o n i c  convulsions with a durat ion ranging from 
30 60 sec in all 6 AW rats. Some convulsions were charac- 
terized by the rats leaping out  of  the recording chamber ,  
emit t ing spontaneous  vocalizations,  and exhibi t ing hyper-  
reactivity and aggressiveness when a t t empts  were made to 
r e t u r n  them to the recording chamber .  The above- 
ment ioned  constel la t ion of  behavioral  symptoms  was never 
observed in ei ther SC rats, which were also withdrawn from 
their diets, or AC rats which had cont inued access to 
ethanol .  Fur the rmore  audi tory  s t imulat ion in AC and SC 
rats (shortly fol lowing el ici tat ion of  convulsions in AW rats) 
had no effect .  

EEG recording from AW rats during the withdrawal  
period indicated the widespread deve lopment  of  abnormal  
cc, rtical epi lept i form activity. The abnormali t ies  usually 
began with the deve lopment  of  synchronous  act ivi ty 
( 1 - 5  I Iz)  t o g e t h e r  with transient spikes resembling 
interictal epi lept i form events. The appearance of  transient 
spiking roughly coincided with the initial appearance of  
behavioral symptoms.  ] 'he epi lept i form spike events in- 
creased, both  in ampl i tude  and f requency,  with a tendency  
to become more organized during the latter stages of  
withdrawal  (4 6 hr). This increased organizat ion consisted 
of brief  bursts of spike activity or sustained epi lept i form 
episodes. 

Cortical EEG activity during withdrawal  was cont inously  
evaluated up to the t ime audi tory- induced convulsions were 
elicited and classified into one of  the fol lowing four  stages: 

S t a g e  I - Synchronized high ampl i tude  EEG together  with 
transient spike events (a peak to peak ampl i tude  of  at least 
twice background act ivi ty was judged a spike e v e n t ) o c c u r -  
ring with a f requency of less than one /min ;  S t a g e  I I  - 

Im:reased occurrence and ampl i tude  of  spike events with a 
f requency of  from 1 10/min; S t a g e  I H  . Organized bursts 
of  spike activity consisting of  an envelope of  3 10 spikes 
wilhin a 3 -5 sec epoch;  or S t a g e  I V  - Sustained seizure- 
like activity. 

The results of  this analysis for 5 AW rats are shown in 
Table 1. Differences in the degree and deve lopment  of  
cortical epi lept i form activity could not be a t t r ibuted to 
variability in the severity of behavioral symptoms  or the 
level of  e thanol  consumpt ion  (see bo t tom 'Fable 1) during 
the 15-day t rea tment  period. Table l indicates that al- 
though the final stage of  severity differed among  AW 
animals, there nevertheless was a progressive deve lopment  
of  organized cortical epi lept i form activi ty during the 
withdrawal  period. The EEG abnormali t ies  appeared to 
progress in a correlated fashion with the behavioral  
symptoms.  However,  EEG epi lept i form activity did not  
appear to be causative of  specific behavioral  abnormali t ies .  
Thus, for example,  a specific t remor  or behavioral auto-  
matism did not necessarily coincide with a spike event or 
o ther  EEG anomaly.  One AW rat was not  included in 
Table 1, due to lack of  exper imenta l  control  over the 
wilhdrawal  period. This rat was observed to have severe 

TABLE 1 

ANALYSIS OF CORTICAL EEG ACTIVITY DURING ALCOHOL 
WITHDRAWAL* AND INDIVIDUAL ALCOHOL CONSUMPTION 

Hours 
Postwithdrawal AW 25 AW 21 AW 15 AW 8 AW 20 

2. II 1 

3. 1I I1 I 1 

4. III II I - I 

5. 111 111 I I 

6. IV 111 111 1 1 

7. I11 1 

8. ill 

9. III 

10. Iil 

Alcohol 
ConsumptionS 14.7 13.1 15.8 17.0 13.0 

*See text for details of Stage I, il. 111 and IV. 
+G/KG/DAY during the last five days of the Alcohol Treatment 

period. 

behavioral  symptoms  during rout ine morning maintenance.  
Fur ther  investigation indicated that the tube on its liquid 
diet bot t le  had become clogged with a membrane  of  dried 
diet. EEG recordings revealed frequent  high ampl i tude  
spiking (Stage ll)  and audi tory  s t imulat ion resulted in a 
tonic-  clonic convulsion.  

Figure 1 shows sample cortical EEG recordings from rat 
AW No. 25 during the progressive development  of epilepti-  
form activi ty 3, 4, 5 and 6 hr postwithdrawal .  Frequent  
high ampl i tude  spiking (Fig. 1A) developed 3 hr post- 
withdrawal  and progressed in severity during the four th  
hour. Note  that al though brief bursts of  spiking persisted 
during hours 4 -5, their  appearance changed substantially as 
can be seen by comparing Fig. 1B and I C. Sustained 
paroxysmal  activity occurred prior to the el ici tat ion of  a 
convulsion (Fig. 1D). Figure 2 shows a somewhat  different  
developmenta l  pattern of  cortical epi lept i form activi ty 
recorded in AW No. 21 (Fig. 2A) and AW No. 15 (Fig. 2B). 
In both cases the most severe behavioral symptoms  were 
observed,  and audi tory- induced convulsions elicited, while 
cortical EEG activity was judged to be Stage I11. 

Amygdaloid  and hippocampal  recordings in AW rats in 
which histological verification was obtained,  indicated a 
similar temporal  development  of  epi lept i form activity as 
described above for cortical EEG. It is impor tant  to note,  
however,  that al though these three subcortical  brain regions 
exhibi ted abnormal  EEG activity, there was substantial 
independence  among these structures with respect to the 
occurrence of  specific spike events. These results suggest 
that widespread areas of  forebrain develop similar patterns 
of paroxysmal  activity during alcohol withdrawal.  

EEG recordings during audi tory- induced convulsions 
were obtained in 3 AW rats. As ment ioned previously, these 
convulsions were violent,  account ing for the loss of  EEG 



722 I IUNTER,  BOAST,  W A L K E R  AND Z O R N E T Z E R  

A 

B 

3 h r  S T A G E  I I  

4 h r  STAGE I I I  

C 

11, , '  
6 h r  STAGE IV CAL: t 

FIG. 1. Sample EEG recordings from anterior cortex in AW No. 25. (A) Stage 11 spiking 3 hr postwithdn, wal. Calibration: 100/aV. I sec. IB) 
and {C} Stage II1 spike bursts 4 and 5 hr postwithdrawal. Calibration: 100 ~V, 1 sec. (I)) Stage IV seizure activity 6 hr postwithdrawal. 

Calibration 100 ~V, 2 sec. 

data f rom the  remain ing  AW animals  which became 
de tached  f rom the  record ing  cable dur ing  the i r  convuls ions .  
F i g u r e 3  shows the  pa t t e rns  of  forebra in  EEG activi ty 
recorded dur ing  aud i to ry - induced  convuls ions .  As Fig. 3A 

indicates ,  sus ta ined seizure act ivi ty did not  occur  in ante-  
rior cor tex  despi te  the  occur rence  of  prolonged t o n i c -  
c lonic  convuls ions .  In two rats, h i p p o c a m p a l  seizure 
act ivi ty  was observed,  but  wi th  a s ignif icant  delay af ter  the  
onset  of  the convuls ion.  In the  th i rd  rat ,  no forebra in  
seizure act ivi ty was recorded dur ing  the  convuls ion.  In 
Fig. 3A only isolated spiking was recorded in cor tex  
t h r o u g h o u t  the ex t en t  of the convuls ion  (onset  indica ted  
by arrow).  Susta ined seizure act ivi ty began in the  h ippo-  
campus  app rox ima te ly  30 sec af ter  the onset  of  the convul-  
sion (F ig . , 3B) .  Note also the appearance  of a period of  
s e c o n d a r y  seizure discharge af te r  the  init ial  seizure 
subsided.  The  observed dissocia t ion be tween  forbra in  EEG 
and behaviora l  convuls ions  suggests tha t  seizure act ivi ty 
need not  spread over the ent i re  brain for  a convuls ion  to 
occur  and more  i m p o r t a n t l y ,  tha t  ep i l ep t i fo rm act ivi ly 
observed in forebra in  and associated wi th  convuls ions  may 
have been propaga ted  f rom dis tant  bra in  loci. Cont ro l  

recordings  dur ing  aud i to ry  s t imu la t ion  in AC and SC rats, 
as well as in AW rats 15 days af ter  a lcohol  diets  had been  
rees tabl ished,  resul ted in ne i the r  convuls ions  nor  evidence 
of forebra in  ep i l ep t i fo rm act ivi ty.  

I)IS('USSION 

The  t ime course of a lcohol  wi thdrawal  and the specific 
behaviora l  s y m p t o m a t o l o g y  observed in the  present  experi-  
men t  is cons i s ten t  with  previous  repor t s  in roden ts  [ 1 0 ] .  
Al though  e thano l  dependence ,  as indica ted  by wi thdrawal  
s y m p t o m s ,  has been expe r imen ta l ly  induced  in a variety of  
species I5, 8, 10] ,  as well as in man 129] ,  only  recent ly  has 
physical  d e p e n d e n c e  in rats been observed [2,91.  Falk, et 
al. [9] observed aud i to ry - induced  convuls ions  in two rats 
fol lowing e thano l  abs t inence  af ter  nearly 4 m o n t h s  of  
c o n s u m p t i o n  using a modif ied  schedule - induced  polydipsia  
t echn ique .  The results of  the present  expe r imen t ,  including 
level of e thano l  c o n s u m p t i o n ,  rapid weight  gain, observa- 
t ions of gross in tox ica t ion  and behavioral  s y m p t o m s  of 
physical  d e p e n d e n c e  fol lowing wi thdrawal ,  t oge the r  wi th  
lhe  results of  a n o t h e r  e x p e r i m e n t  using a s o m e w h a t  similar 



EEG AND A L C O H O L  W I T H D R A W A L  723 

A 

Hr. PW 

1.5 

2 

5 

STAGE 

NORM 

I I  

III 

! 

L E F T - R I G H T  ANT. CORTEX 

. . . . .  " " ' -  . . . . . . . . .  . ,. 

', 

CAL: L 

B 
2 

4 

7 

NORM 

I I I  

! . ~ - - - 1 - L ~ t T . A - - ~  -* ~l.~tz:, I .  

FIG. 2. (2A) Stages of cortical EEG activity in AW No. 21 during alcohol withdrawal. Calibration: 1.5 hr postwithdrawal (P.W.), 100/aV, 
I sec; 2 hr P.W., 100 taV, 4 sec, 5 hr P.W., 100 ~.V, 4 sec. (2B) Stages of cortical EEG in A. W. No. 15. Calibration: 2 hr P.W., 100/~V, I sec: 

4 hr P.W., 100 tzV, 4 sec; 7 hr P.W., 100 ~.V, 1 sec. 

procedure [2] ,  suggests that physical dependence  can be 
reliably produced in rats after 2 - 3  weeks of  e thanol  
consumpt ion  using the liquid diet technique.  

The results of  the present exper iment  fur ther  indicate a 
progressive development  of  forebrain epi lept i form activity 
during the first few hours fol lowing ethanol  abstinence.  
EEG abnormali t ies  characterist ically began with slowing, 
coupled with the appearance of  transient spiking. The 
spiking usually progressed in severity and became organized 
inlo bursts of  spike events or sustained seizure activity.  A 
similar progression of  epi lept i form activi ty recorded from a 
variety of  forebrain areas has recently been reported in 
mice [28] .  Fur thermore ,  Guerrero-Figueroa,  e t  al. [16J 
have observed paroxysmal  abnormali t ies  in cortical and 
subcortical  areas in cats who had received alcohol  via gastric 

fistulae for 2 - 5  months.  These data [16] are difficult  to 
i n t e r p r e t ,  however,  since no dist inct ions were made 
between EEG activity observed during the withdrawal  
period in cats with chronic,  chemical ly- induced epilepti- 
form foci, and normal cats. 

This forebrain epi lept i form activity observed during 
a l c o h o l  withdrawal suggests two interpretat ions:  (1) 
i n d e p e n d e n t  loci of  neural hyperexci tabi l i ty  develop 
throughout  forebrain or, 1"2) a structure or  set of  s tructures 
serve to organize and propagate epi lept i form activity to 
forebrain areas. The present results could be interpreted to 
support  both  of  these suggestions. Thus, epi lept i form 
activity appeared to develop independent ly  in anter ior  
cor tex,  ventral h ippocampus,  and anygdala during the early 
hours fol lowing alcohol withdrawal.  However,  forebrain 
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s e i z u r e  a c t i v i t y  dur ing  aud i to ry - induced  convuls ions  
appeared  to be propaga ted  f rom some d is tan t  brain loci. 
reaching forebra in  wi th  a significant  delay af ter  the  onset  of 
the convuls ion.  These results  indicate  the  possibi l i ty tha t  
the above suggest ions may not  be mutua l ly  exclusive. Thus,  
for example  as a lcohol  c o n c e n t r a t i o n  dissipates t h r o u g h o u t  
bra in  fol lowing wi thdrawal ,  ep i l ep t i fo rm act ivi ty may 
develop in an i n d e p e n d e n t  fashion in many  brain regions. 
The most  severe behavioral  s y m p t o m s ,  especially convul-  
sions, would be con t ingen t  upon  the  inf luence  of some 
s t ruc tures  which  serve to organize the ep i l ep t i fo rm events  
in to  sus ta ined pa t t e rns  of  seizure act ivi ty.  

The results  of  the present  expe r imen t  suggest tha t  
cortical ep i l ep t i fo rm act ivi ty per se may play a secondary  
role in the genesis of behaviora l  hype rexc i t ab i l i t y  dur ing  
alcohol  wi thdrawal .  If hyperexc i t ab i l i ty  dur ing  wi thdrawal  
were pr imari ly  con t ingen t  upon  cortical  b ioelect r ic  act ivi ty 
it would be expec ted  tha t ,  (1) specific behaviora l  au to-  
mat isms would occur  co inc iden t  with  specific b ioelec t r ic  
events,  (2)  more  in tense  focal ep i l ep t i fo rm act ivi ty  would 
develop in cor tex  when  compared  to o the r  brain regions, 
(3) the level of cort ical  EEG abnormal i t i e s  would corre la te  
wi th  the in tens i ty  of  wi thdrawal  s y m p t o m s ,  and (4)  cort ical  
seizure act ivi ty would be closely associated wi th  behaviora l  

convuls ions .  In the  present  expe r imen t  it was found  that  no 
specific behaviora l  c o n c o m i t a n t s  of  cortical ep i lep t i fo rm 
events  could be observed.  Previously,  convuls ions  induced  
by aud i to ry  s t imula t ions  have been  used as an index of 
behaviora l  hypc rexc i t ab i l i t y  dur ing  a lcohol  wi thdrawal  
[ 1 1 , 2 6 ] .  In the  present  e x p e r i m e n t  convuls ions  were 
elicited while cort ical  ep i l ep t i fo rm activi ty was judged to be 
Stage I (n = 1), II (n = 1), Ill  (n = 3), or IV (n = 1), 
indica t ing  that  cort ical  EFG activi ty does  not  provide an 
index of the level of behaviora l  hyperexc i l ab i l i ty .  Fur the r ,  
the cor tex ,  amygdala  and h i p p o c a m p u s  had a similar 
developn3ental  pa t t e rn  of EEG ep i lep t i fo rm act ivi ty.  At no 
poin t  did EEG abnormal i t i e s  recorded  f rom amygdala  or 
h i p p o c a m p u s  appear  to be p ropaga ted  from cort ical  areas. 
Final ly,  sus ta ined seizure act ivi ty was not  observed in 
cor tex  despi te  pro longed behaviora l  convuls ions .  These 
results  must  be cons idered  indirect ,  bu t  never theless ,  t aken  
toge ther ,  they suppor t  the  conc lus ion  tha t  the  cor tex  does 
not  play a p r imary  role in the genesis of  behaviora l  hyper -  
exc i tab i l i ty  dur ing  alcohol  wi thdrawal .  

This conc lus ion  is also suppor t ed  by evidence ob ta ined  
dur ing  wi thdrawal  f rom o t h e r  depressan t  agents.  For  
example ,  Eli(} recordings  in cats have indica ted  thal  the 
cor tex  may also play a secondary  role in the genesis of 
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behavioral  s y m p t o m s  during barbi tura te  wi thdrawal  16]. 
Howcver,  a substantial  a l tera t ion of  barbi tura te  wi thdrawal  
s y m p t o m s  in decor t ica te  dogs 17], indicates that  an intact  
cor tex is required for the mani fes ta t ion  of  the normal  
pa t tern  of  observed wi thdrawal  s y m p t o m s ,  but not  a 
prerequisi te  for the induc t ion  of  behavioral hyperexc i t -  
ability during wi thdrawal  f rom depressant  agents. 

The m e thod  repor ted  here should prove useful in 
s tudying al terat ions in neural and behavioral exci tabi l i ty  
o b s e r v e d  during alcohol withdrawal .  Future  s tudies ,  
involving sys temat ic  observat ions  of  abnormal  bioelectr ic  
activity from mult iple  recording sites should allow a more  
precise del ineat ion of CNS areas involved in the genesis and 
propagat ion of  neural ep i lep t i fo rm activity during alcohol 
wilhdrawal .  In addi t ion ,  combin ing  various e lec t rophysio l -  
ogical and behavioral t echniques  should enable  a more  
direct evaluation of  the effects  of  chronic  e thanol  consump-  
tion including the deve lopmen t  of  to lerance,  physical 
dependence ,  and the a lcohol- induced d is rupt ion  of  the 
processes of  learning [ 27 ]. 

Since substantial  cont roversy  still exists over the appro-  
priate medica t ion  for alcohol wi thdrawal  115], an animal 
model  lbr the evaluation of  potent ia l ly  useful drugs is 
desirable. The dissociat ions be tween  behavioral  s y m p t o m s  
of  alcohol  wi thdrawal  and forebrain epi lept i form activity 
observed in the present  expe r imen t  in rats, and also recent-  
ly in mice [28] ,  indicates that  a combina t ion  of  EEG and 
behavioral  moni tor ing  techniques  may provide a more  
sensitive index of  the severity of  the wi thdrawal  react ion 
than ei ther  t echnique  alone. We believe that  s imul taneous  
moni tor ing  of  bo th  EEG and behavior  is desirable in the 
preclinical evaluation of  therapeut ic  agents for the treat-  
ment  of  alcohol withdrawal .  Finally, the liquid diet tech- 
nique appears ideal for such an evaluation as well as for the 
i n v e s t i g a t i o n  of  neruophysiological ,  b iochemical  and 
behavioral correlates  of  the alcohol wi thdrawal  synd rome  
since physical dependence  can be rapidly developed,  nutri-  
tional variables can be adequate ly  control led  [27] and 
animal main tenance  involves little effor t  relative to o ther  
models  current ly  in use. 
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