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SOTZING, J. H. AND T. S. BROWN. Chronic intermittent ethyl alcohol inhalation and avoidance learning. PHARMAC. 
BIOCHEM. BEHAV. 5(4) 417-421 ,  1976. - Weanling male and female rats were chronically exposed to alcohol for 50 
days using an intermittent inhalation technique which does not cause alcohol dependency. After 17 days of no exposure to 
alcohol, animals began two-way active avoidance testing. Results indicated that males were impaired on this task and 
females were not while at the same time males had reduced body weights. The male weight reduction was not responsible 
for the avoidance impairment. It was concluded that impaired avoidance learning following chronic esposure to alcohol is 
not specific to dependency models of animal alcoholism. 
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P R E V I O U S  papers  have r epo r t ed  a two-way  active avoid- 
ance i m p a i r m e n t  in f emale  mice and  male  ra ts  fo l lowing 
chron ic  a lcohol  exposure  ( 3 - 9  m o n t h s )  and  two weeks of  
no exposure  to  a lcohol  pr ior  to  tes t ing  [ 7 , 2 0 ] .  In these  
studies,  a lcohol  was adm i n i s t e r ed  in the  fo rm of  a l iquid 
diet ,  a p rocedure  wh ich  has  been  f o u n d  to lead to 
wi thdrawal  r eac t ions  u p o n  the  t e r m i n a t i o n  of  a lcohol  
exposure  [ 6 ] .  Using an  a lcohol  i nha l a t i on  t e c h n i q u e  it  has 
been  r epo r t ed  t ha t  developing  phys ica l  d e p e n d e n c e  requires  
c o n t i n u o u s l y  e levated b lood  a lcohol  levels; shor t  per iods  of  
sobr ie ty  are suff ic ient  to decay a developing  add ic t ion  [ 9 ] .  
The  same conc lus ion  has been  reached  using a n u m b e r  of  
o ther  a lcohol  a d m i n i s t r a t i o n  t echn iques  (see [ 18] ) .  The  
a lcohol  l iquid diet  p rocedu re  r epo r t ed ly  mee t s  the  re- 
q u i r e m e n t  of  b lood  a lcohol  m a i n t e n a n c e  over t ime  [ 6 , 1 2 ] .  
Wi thdrawal  r eac t ions  were observed in female  mice fol- 
lowing ch ron ic  l iquid diet  t r e a t m e n t  and pr ior  to  the  
ob t a ined  i m p a i r m e n t  in two-way  act ive avoidance  [7 ] .  
When male  ra ts  were used no  overt  signs of w i thd rawa l  were 
r epor ted  a l t h o u g h  it was no t  c o m p l e t e l y  clear w h e t h e r  
d e p e n d e n c y  did or did no t  develop [ 2 0 ] .  

The p resen t  e x p e r i m e n t  was an a t t e m p t  to  e x t e n d  the  
above  f indings.  First ly,  an a t t e m p t  was made  to d e t e r m i n e  
if the  avoidance  learn ing  i m p a i r m e n t  is specific to  a 
d e p e n d e n c y  mode l  of  a lcohol i sm by using a non-  
d e p e n d e n c y  t e c h n i q u e  for  a lcohol  admin i s t r a t ion .  
Secondly ,  b o t h  sexes were inc luded  in the  p resen t  s t udy  to 
de t e rmine  if the  i m p a i r m e n t  is sex specific. Because there  is 
evidence tha t  female  rats me tabo l i ze  a lcohol  more  rap id ly  
t han  males  [4] it was t h o u g h t  possible  t ha t  a sex d i f fe rence  
would occur.  Thi rd ly ,  while previous ly  adu l t  male  ra ts  were 
chronica l ly  exposed  to a lcohol  for  6 or 9 m o n t h s  in o rder  
to ob ta in  an avoidance  i m p a i r m e n t  [ 2 0 ] ,  the  p resen t  s t udy  

sought  to  d e t e r m i n e  if a shor te r  pe r iod  of  chronic  a lcohol  
exposure  dur ing  d e v e l o p m e n t  would  lead to a similar 
impa i rmen t .  

METHOD 

Animals 

Sixteen  male and  16 female  21 day  old weanl ing a lb ino  
rats, equal ly  divided by  sex in to  two  groups,  were used. 
One group of  8 males and 8 females  was chron ica l ly  
exposed  to a lcohol  while the  o t h e r  g roup  of  ident ica l  
n u m b e r s  serves as controls .  A n o t h e r  14 male  and  14 female 
weanl ing rats  were used to ob ta in  b lood  samples  by  cardiac 
punc tu re .  All animals  were housed  in indiv idual  cages 
t h r o u g h o u t  the  e x p e r i m e n t  wi th  ad l i b i t um avai labi l i ty  of 
food (Teklad  rat  chow)  and  water .  

Apparatus 

An a lcohol  i n h a l a t i o n  c h a m b e r  consis ted of  an o rd inary  
glasswalled aqua r ium (24  x 12Vz × 11% in.)  which  was 
covered by  a shee t  of clear Plexiglas and divided in to  two  
equal  par ts  by  a screen barrier .  A vacuum p u m p  pushed  air 
(9.5 l i t e r s /min)  t h r o u g h  r u b b e r  tub ing  ( inside dia. ¼ in.) 
in to  a one  l i ter  glass bo t t l e  con ta in ing  520  ml of  pure  e thy l  
alcohol .  Air  sa tu ra ted  wi th  a lcohol  vapor  exi ted  the  bo t t l e  
t h r o u g h  the  second  of two openings  in its cap and t raveled 
t h r o u g h  tub ing  in to  the  chamber .  A piece of  tub ing  9 in. 
long ex t end ing  in to  the  c h a m b e r  t h r o u g h  the  plast ic  
cover ing at one  co rne r  d i s t r ibu ted  the  vapor  in to  the  
chamber .  Vapor  pressure in the  sealed chambe r  was relieved 
by a series of small  holes  dri l led in the  cover ing at  the  
oppos i te  end  of the  c h a m b e r  f rom the  vapor  d i s t r i bu t ion  
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tube.  A second c h a m b e r  m u c h  the  same as the  first excep t  
w i t h o u t  the  vacuum p u m p  and vapor  system was used as a 
con t ro l  env i romen t .  

A two-way shu t t l e  box  (211/2 x 7 x 12in.)  was used for  
avoidance  testing. It was cons t ruc t ed  wi th  clear Plexiglass 
sides and a h a r d b o a r d  ceiling. The two c o m p a r t m e n t  f loors 
each consis ted of 20 grids and  were separa ted  by  a 2 in. 
wooden  barr ier  on which  4 grids were s i tua ted  to p reven t  
s traddling.  A 0.2 m A  cons t an t  cur ren t  was delivered on  
each trial  to  the  grids in the  appropr ia t e  c o m p a r t m e n t  while 
grids s i tua ted  on  the  barr ier  were ac t iva ted  on  all trials. 
Grid polar i ty  was sc rambled  to e l imina te  the possibi l i ty  of  
no shock.  A buzzer  was bui l t  i n to  the  h a r d b o a r d  lid of the 
box and masking noise was genera ted  by a pair  of exhaus t  
fans located direct ly  in f ron t  of the  appara tus .  The  shut t le  
box was in one room and  the  e x p e r i m e n t e r  and con t ro l s  for 
present ing  the  CS and the  UCS were in an adjoining room 
separated by a one-way vision mirror .  The appara tus  was 
i l lumina ted  by  a 71/2 W light bu lb  placed outs ide  the  box  
and ad jacent  to the  dividing hurdle .  

Blood a lcohol  d e t e r m i n a t i o n  was made  using the  m e t h o d  
and reagents  purchased  f rom the  Ca lb iochem C o m p a n y  
(Ethyl  Alcohol  Stat-Pak).  This m e t h o d  involves the  en- 
zymat ic  ox ida t ion  of e thyl  a lcohol  and  the  subsequen t  
change in p h o t o m e t r i c  abso rbancy  at 340 nm.  

Procedure 

Weanling rats were e i ther  chronica l ly  exposed to a lcohol  
vapor or to the  cont ro l  cham be r  e n v i r o n m e n t  for 50 days. 
Animals  were r emoved  f rom the i r  h o m e  cages and placed as 
a group e i the r  in the a lcohol  c h a m b e r  or the  con t ro l  
chamber .  Wi th in  b o t h  chambers  males  were separa ted  f rom 
females by means  of  the  screen barriers.  Daily vapor  
t r e a t m e n t  lasted for  2 hr dur ing which  t ime vapor  sa tu ra ted  
air was con t i nuous l y  c i rcula ted t h r o u g h  the  expe r imen ta l  
chamber .  Af te r  2 hr animals  were r e tu rned  to the i r  h o m e  
cages. Males and females  were a l t e rna ted  daily be tween  the  
two c o m p a r t m e n t s  of the  chambers .  The  one  liter bo t t l e  
was refilled each day before  t r e a t m e n t .  Record  was kept  of  
body  weights  t h r o u g h o u t  the 50 day chronic  t r e a t m e n t  
period and  un t i l  180 days af ter  t r e a t m e n t  in i t ia t ion .  In 
order  to de t e rmine  the  success of the inha la t ion  t e c h n i q u e  
for p roduc ing  in tox ica t ion ,  b lood  a lcohol  assays were 
carried out  on 2 males and 2 females  once  a week for  7 
weeks dur ing the a lcohol  t r e a t m e n t  period.  Blood sampling 
animals were placed in the  vapor  chamber s  along wi th  
expe r imen ta l  animals  on appropr ia t e  days. Blood was 
collected by cardiac p u n c t u r e  fol lowing the  2 hr  exposure  
per iod and was immedia te ly  pu t  on ice unt i l  centr i -  
fugat ion.  Assays were pe r fo rmed  on the same day as 
col lect ion.  A to ta l  of 28 b lood a lcohol  de t e r m i na t i ons  f rom 
28 d i f fe rent  male and female  rats were made.  A l t h o u g h  a 
n u m b e r  of m e t h o d s  for  ch ron ic  repea ted  b lood sampl ing 
are available and perhaps  would have been  advisable in this  
expe r imen t ,  the  t e rmina l  cardiac p u n c t u r e  app roach  was 
used for two reasons.  Firs t ly ,  samples were t a k e n  f rom 
developing rats  f rom which  it would  have been diff icul t  to 
ob ta in  adequa te  b lood sample sizes using a more  per ipheral  
sampling rou te .  Secondly ,  the  purpose  of the  b lood assays 
was merely  to indica te  tha t  a lcohol  was successful ly 
enter ing the  b lood  s t ream.  

Fol lowing  a lcohol  t r e a t m e n t  there  were 17 days of no  
expe r imen ta l  m a n i p u l a t i o n s  before  avoidance  test ing.  This 
period was i n t ended  to insure  the  comple t e  removal  of  
a lcohol  f rom body  tissues and any associated effects  of 

acute  a lcohol  in tox ica t ion .  Animals  were 88 days of  age 
when  avoidance  tes t ing  began. The animals  received 10 
trials per  day. Each rat  was r emoved  f rom its h o m e  cage 
and placed in one side of the  shut t le  box.  Fans  genera t ing  
masking noise r emained  on t h r o u g h o u t  the  course of 
testing. A buzzer  (CS) preceded a 0.2 m A  shock (UCS) to 
the occupied  side of the  box  by 5 sec and remained  paired 
wi th  it unt i l  the  an imal  j u m p e d  the  barr ier  in to  the  safe 
c o m p a r t m e n t  t he reby  closing a pho toe l ec t r i c  relay. When 
the an imal  avoided the  UCS pr ior  to its onset  the CS was 
immedia te ly  t e rmina ted .  The in ter t r ia l  interval  was ran- 
domly  set at 20, 25, 30, 35, or 40 sec. The  n u m b e r  of 
successful avoidance  trials and  the shock escape la tency  on 
the initial avoidance  trial were recorded.  Animals  were 
d i scon t inued  f rom tes t ing when  a 909~ avoidance  cr i ter ion 
was reached,  i.e. any series of 18 ou t  of 20 successful 
trials. 

RESULTS 

The a lcohol  inha la t ion  t e chn ique  was found  to success- 
fully elevate b lood  a lcohol  concen t ra t ions .  The  m e a n  b lood  
a lcohol  level f rom 28 b lood  sampl ing animals  over seven 
weeks fol lowing weaning was equal  to  113.571 rag /100  ml 
(range: 60 190 m g / 1 0 0  ml). Males and females  had exact ly  
the same mean  levels. These results  do no t  ref lect  the  
effects  of chronic  exposure  to a lcohol  since b lood  sampling 
animals  received only a single exposure  to a lcohol  t reat-  
m e n t  p r i o r  t o  t e rmina l  cardiac p u n c t u r e  b lood  
co l lec t ion .There  was a t e n d e n c y  for  younger  b lood  
sampling animals  to develop higher  b lood a lcohol  levels 
than  older animals.  A S tuden t s  t compar ing  b lood  con- 
cen t r a t ions  ob ta ined  f rom animals  22 50 days of  age 
(mean  = 133.13 m g / 1 0 0  ml,  range: 6 0 - 1 9 0  rag /100  ml)  
with  animals  51 70 days of age (mean  = 90 .00  m g / 1 0 0  ml, 
range: 6 0 - 1 7 0  m g / 1 0 0  ml)  s ta t is t ical ly  suppo r t ed  this 
t e n d e n c y ,  t (25)  = 2.84, p < 0 . 0 1 .  

Seventeen  days in te rvened  be tween  chron ic  a lcohol  
t r e a t m e n t  and avoidance  test ing.  In this  per iod animals  
were hand led  and observed daily. None  of the  typical  
behavioral  s y m p t o m s  of wi thdrawal  [12] or any o ther  
types  of unusua l  behavior  were seen.Resul ts  f rom the  first 6 
days of avoidance  tes t ing are presented  in Fig. 1. In the  first 
3 days of  tes t ing there  was an a p p a r e n t  sex di f ference in the 
effects  of a lcohol  t r e a t m e n t ,  i.e. a sex by t r e a t m e n t  
in t e rac t ion  effect.  Alcohol  exposed  males successfully 
avoided the  UCS fewer t imes  t han  did a lcohol  exposed  
females or con t ro l  males and females.  A three-way A N O V A  
(sex x t r e a t m e n t  x days) indica ted  t ha t  this  in t e rac t ion  was 
reliable, F (1 ,28)  = 4.9, p < 0 . 0 5 ,  Fig. 1 indica tes  tha t  this  
effect  was e l iminated  by the  second three  days of avoidance  
test ing.  An A N O V A  ind ica ted  no signif icant  effects  b e y o n d  
the th i rd  day of test ing.  A trials to cr i ter ion measure  was 
also analyzed.  The n u m b e r  of trials necessary unt i l  a 
cr i ter ion of 20 to ta l  successful avoidance  trials was 
de t e rmined  for  each rat. A two-way A N O V A  ( t r e a t m e n t  
x sex) yielded a s ignif icant  in te rac t ion ,  F ( 1 , 2 8 ) =  5.60, 
p < 0 . 0 5 ;  a lcohol  exposed  males required more  trials to 
reach cr i ter ion (43 .75)  than  a lcohol  exposed  females  
(32 .50)  or con t ro l  males (35 .75)  and females  (30.75) .  
These results  indicate  tha t  while males were de t r imen ta l ly  
effected on avoidance  learning as a resul t  of  chronic  
exposure  to a lcohol ,  females  were not .  

Chron ic  exposure  to a lcohol  not  only d i f ferent ia l ly  
effected the  sexes on avoidance  behavior ,  bu t  body  weights  
were also d i f ferent ia l ly  effected.  Mean body  weight  data  are 
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presented in Fig. 2. As can be seen, by the end of the 
chronic alcohol treatment period alcohol exposed males 
were reduced in body weight while alcohol exposed females 
were relatively uneffected. An ANOVA verified this by a 
significant sex by treatment interaction in the fourth and 
fifth blocks of 10 days, F(1,28) - 13.60, p<0.01.  By Day 
180, however, no significant effects were obtained indi- 
cating that the male body weight reduction had reversed 
itself. 

Although improbable, the possibility existed that the 
treatment by sex interaction on avoidance behavior could 
be predicated upon a similar interaction in body weight. An 
Analysis of Covariance indicated that the trials to criterion 
avoidance interaction remained even when body weight 
variance was taken into account, F(1,27) = 4.53, p<0.05. 
The avoidance interaction could not, therefore, be con- 
sidered dependent upon the body weight covariate. 

Another possibility is that the results can be attributed 
to differential shock sensitivity. An ANOVA was performed 
on shock escape latencies on the initial trial of avoidance 
testing. No significant differences in escape latencies were 
found. 

D I S C U S S I O N  

The results indicate that the inhalation technique did 
not cause dependency but was successful in raising blood 
alcohol to effective levels. Following chronic intermittent 
alcohol exposure males were impaired on avoidance 
learning but females were not. While males were reduced in 
body weight following alcohol treatment, the avoidance 
impairment was not predicated upon the weight loss. These 
results confirm and extend previous findings in which a 
two-way avoidance impairment was found in female mice 
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FIG. 2. Mean body weights during the 50 days of alcohol exposure 
and up to 180 days after the beginning of alcohol treatment. 

[7] and male rats [20] following chronic exposure to 
alcohol. While those studies used a liquid diet method of 
alcohol administration known to cause physical de- 
pendence, the present study used an intermittent inhalation 
technique which does not meet the critical requirement for 
alcohol dependency, i.e. continuously elevated blood 
alcohol levels (see [18]). Despite this important procedural 
difference, the present results indicate a similar avoidance 
learning impairment in male rats. No impairment was found 
in alcohol exposed females. Because the male avoidance 
performance returned to control levels on the fourth day of 
testing, animals were apparently able to compensate for an 
initial rate deficit. The avoidance learning impairment 
reported earlier [7,20] was nonreversible and in this regard 
was probably the result of the relatively greater severity of 
the accompanying alcohol administration technique. 

Peak daily blood alcohol levels obtained using the 
inhalation procedure fell within the range of levels reported 
for many of the other techniques that result in alcohol 
dependency [16]. Blood alcohol levels were elevated for 2 
hr per day; during the remaining 22 hr levels presumably 
dropped to zero. Assuming an aIcohol metabolism rate of 
270 mg/kg hr [2],  22 hours is more than a sufficient time 
period for the complete removal of alcohol from the blood 
stream. Also, there is recent evidence indicating that 
chronic daily unirnodal increases in blood alcohol are 
ineffective in causing alcohol dependency [18]. The 
intermittent inhalation technique was therefore successful 
in raising blood alcohol to levels which if continuously 
maintained would lead to addiction. In the time between 
daily bouts, however, any possibility of dependency was 
eliminated concomitant with the metabolized removal of 
the alcohol. 

Previously rats were exposed to alcohol for 6 or 9 
months beginning on Day 75 [20]. Anatomical [3,5], 
electrophysiological [ 11,13 ], and behavioral [ 14] evidence 
suggests that central nervous system maturity occurs at 



420 SOTZING AND BROWN 

3 0 - 5 0  days of  age. Because in the present  s tudy  a lcohol  
exposure  began on  Day 21, the resul ts  might  the re fo re  be 
a t t r i bu t ed  to a de t r i m en t a l  ef fec t  of  a lcohol  in te rac t ing  
with CNS m a t u r a t i o n ,  a possibi l i ty  t ha t  earlier s tudies were 
able to e l iminate  [ 7 , 10 ] .  Whe the r  the  avoidance  im- 
p a i r m e n t  can be a t t r i b u t e d  wi th  cer ta in ty ,  however ,  to 
a lcohol  obs t ruc t i on  of CNS d e v e l o p m e n t  or to  a lcohol  
des t ruc t ion  of in tac t  nerve t issue c a n n o t  be d e t e r m i n e d  
from this  s tudy.  

It is possible tha t  the  male  avoidance  i m p a i r m e n t  (and  
presumed neura l  damage)  was on ly  indi rec t ly  caused by  
a lcohol  and was more  d i rec t ly  caused by  a lcohol - induced  
ma lnu t r i t i on .  This is unl ikely ,  however ,  in view of the  
f inding t ha t  early m a l n u t r i t i o n  faci l i ta tes  r a the r  t han  
inhib i t s  avoidance  learning [ 1 7 ] .  Tha t  the  avoidance  
i m p a i r m e n t  was due to i nadequa t e  nu t r i t i on  also does no t  
cor respond  to the fact  tha t  males  and females did no t  differ  
in availabil i ty of food or water.  There  is no  ready 
exp lana t ion  for  the  male  and not  female  r e d u c t i o n  in b o d y  
weight. 

The ob ta ined  sex d i f ference  in avoidance  learning can 
perhaps  be a t t r i b u t e d  to d i f ferent ia l  endocr ino log ica l  
suscept ibi l i t ies  to the  effects  of  alcohol.  Female  rats have 
larger an te r io r  p i tu i t a ry  and adrenal  glands than  males  [ 19] 
and higher  b lood  co r t i cos t e rone  levels [1 ,15]  suggesting 
higher c i rculat ing ACTH levels. There  is convinc ing  
evidence tha t  ACTH levels are posi t ively related to avoid- 
ance pe r fo rmance  [21 ] .  Since it is possible tha t  the  
i n t e r m i t t e n t  i nha la t ion  t e c h n i q u e  was chronica l ly  stress- 
inducing,  endogenous  male and female d i f ferences  in 
c i rculat ing ACTH levels may have been  ef fec ted  by chron ic  
a lcohol  exposure  in such a way as to  lead to di f ferences  in 
ACTH mobi l i za t ion .  As a result ,  a lcohol  exposed females  
may have had greater  e levat ions  in ACTH levels t han  males  
thus  resul t ing in more  eff ic ient  avoidance  pe r fo rmance .  If 
this were t rue ,  however ,  t hen  a lcohol  exposed  males would  
have done  be t t e r  than  con t ro l  males on the  avoidance  task. 
Since this  was not  the  case, it is reasonable  to assume tha t  
the male i m p a i r m e n t  c a n n o t  be a c c o u n t e d  for on the  basis 
of  a l tered ACTH levels. 

There  is evidence suggesting tha t  there  is a sex d i f ference  
in a lcohol  m e t a b o l i s m  rates:  males exh ib i t  longer sleep 
t imes than  females  to  a challenge dose (3.5 g/kg) of a lcohol  
[4] .  Chron ic  i n t e r m i t t e n t  vapor  exposure  m ay  the re fo re  
have effect ively m a i n t a i n e d  male blood a lcohol  levels for a 

longer per iod t han  females  on  each day of t r ea tmen t .  It is 
possible tha t  a s lower me tabo l i sm rate in males is re- 
sponsible  for  a sex di f ference in the  CNS tox ic i ty  of 
alcohol.  

As was ind ica ted  in the  results ,  the 17 days in te rven ing  
be tween  t r e a t m e n t  and tes t ing make  it unl ike ly  tha t  
residual  s y m p t o m s  of acute  a lcohol  exposure  could have 
been responsible  for  the ob ta ined  avoidance  deficit .  Also, 
shock sensit ivit ies were p r o b a b l y  no t  e f fec ted  by a lcohol  
t r e a t m e n t .  The  previously repor ted  avoidance  deficits have 
not  been caused by d i f fe rent ia l  ac t iv i ty  rates [ 7 , 20 ] .  
M t h o u g h  an in ter t r ia l  act ivi ty measure  was no t  recorded  in 
the present  s tudy ,  no obvious  d i f ferences  in in ter t r ia l  
act ivi ty were observed.  

in sum, the  above cons idera t ions  make  it i m p r o b a b l e  
tha t  the  male  learning deficit  can be a t t r i bu t ed  to b o d y  
weight, endoc r ine  func t ion ing ,  acute  pharmacologica l  
effects,  shock sensi t ivi ty,  or activity.  Rather ,  the more  
reasonable  exp lana t ion  is tha t  some sor t  of CNS damage 
accrued f rom long- te rm exposure  to alcohol.  Whe the r  this  
was due to an indi rec t  deve lopmen ta l  d i s tu rbance  or to 
immedia t e  neura l  damage is not  clear f rom this  s tudy.  

It shou ld  be m e n t i o n e d  tha t  the  i n t e r m i t t e n t  inha la t ion  
t e chn ique  for a lcohol  admin i s t r a t i on  used in this  s t udy  is 
the first of its k ind in the  m o d e r n  l i terature .  Golds te in  [8] 
has used a c o n t i n u o u s  inha la t ion  t echn ique  with mice 
resul t ing in physical  dependence .  This  t e chn ique  uses low 
levels of vapor  c o n c e n t r a t i o n  and necessi ta tes  the  use of  
pyrazole  in ject ions  to block alcohol  me tabo l i sm.  With 
c o n t i n u o u s  m a i n t e n a n c e  of b lood  alcohol  at 200 rag /100  
ml, physical  d e p e n d e n c e  develops in as l i t t le  t ime as three  
days of vapor  exposure  [9 ] .  The advantages  and dis- 
advantages  of this mode l  have been e x p o u n d e d  on  [ 1 0 ] .  
The crit ical d i f ference be tween  the  c o n t i n u o u s  and the  
i n t e r m i t t e n t  inha la t ion  t echn iques  is tha t  the  fo rmer  results  
in d e p e n d e n c y  while the  la t ter  does not .  At the  same t ime, 
the i n t e r m i t t e n t  t e c h n i q u e  re ta ins  m a n y  of the advantages  
of  the  c o n t i n u o u s  m e t h o d  such as i m m e d i a t e  dosage 
cont ro l ,  con t ro l  of  exposure  t ime,  unob t rus ive  route  of 
intake,  and no  nu t r i t i ona l  manipu la t ion .  It is also i m p o r t a n t  
to note  tha t  the  appara tus  for i n t e r m i t t e n t  inha la t ion  is 
relat ively easy to cons t ruc t .  Fu r the r  research on the 
long- term effects  of chronic  but  nonadd ic t ive  exposure  to 
alcohol  should  f ind the  i n t e r m i t t e n t  inha la t ion  t e chn ique  
very useful.  
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