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BERACOCHEA. D , T P DURKIN AND R JAFFARD On the involvement of the central cholmergtc system m memory 
defi~tts reduced by long term ethanol ~onsumptton m mwe PHARMACOL BIOCHEM BEHAV 24(3) 519-524. 1986 - -  
Male mtce of the BALB/c strain were gwen a solution of 12% v/v ethanol as thexr only source of fired for 7 months Memory 
performance was tested after ethanol was omitted from the dLet for 3 to 9 weeks, and was compared with performance of 
control ammals (no ethanol) which had been pair-fed or had received tap water The spontaneous alternation task that was 
used consisted of two forced trials (acquisition) followed, at varying intervals ranging from 30 sec to 6 hr, by a free test trial 
(retention) Experimental subjects exhibited an accelerated rate of decay of spontaneous alternation, reaching chance level 
at 6 hours All ammals were then tested at th~s 6-hour interval following mject~ons ofe~ther physostlgmlne or neost~gmlne 
that were given before both acqulsitton and retention (0 05 mg/kg IP) Results showed that physostlgmme, but not neo- 
stlgmme, dramatically improved performance of alcohol-treated subjects Parallel neurochemlcal analysis showed that 
chromc ethanol treatment reduced a shght (12%) but slgmficant decrease m hlppocampal sodmm-dependent high affimty 
chohne uptake Though these findings suggest that the observed memory deficits (1 e , an accelerated rate of forgetting) 
might be related to a chohnerglc dysfunction, alternative explanations are also proposed 

Ethanol Spontaneous alternation Memory Interference H~ppocampus Acetylchohne 
Physostlgmme Chohne uptake 

C H R O N I C  e thano l  c o n s u m p t i o n  m m an  has  been  found  to 
resu l t  in n e u r o n a l  damage  and a s socmted  learn ing  and  recen t  
m e m o r y  i m p a i r m e n t s  [10,31] T h o u g h  t radi t ional ly  the pa- 
tho logy  has  b e e n  a t t r ibu ted  par t ia l ly  to ma lnu t r i t ion ,  espe-  
cmlly t h i amine  def ic iency  [34], the specif ici ty  of  e thano l  in 
induc ing  neuroana tom~ca l  and  func t iona l  defici ts  has  b e e n  
d e m o n s t r a t e d  m a series  of  e x p e r i m e n t s  pe r fo rmed  m labora-  
tory an imals  [26] We recent ly  r epor t ed  that  c h r o m c  e thanol  
c o n s u m p t i o n  by  mice  reduced  spatml  m e m o r y  defici ts  wh ich  
were  d e p e n d e n t  on  the  du ra t ion  of  e thano l  c o n s u m p t i o n  and  
wh ich  pe r s i s t ed  severa l  weeks  af ter  e thano l  was  w t t h d r a w n  
f rom the diet  [6,7] More  prec ise ly ,  a behav io ra l  ana lys i s  
ba sed  on  s p o n t a n e o u s  a l t e rna t ion  (S A ) m a T -maze  s h o w e d  
an  acce le ra t ed  decay  of  S A ra tes  as the in terva l  whtch  
e l apsed  b e t w e e n  forced  tr ials  used  as acqms l t l on  and  a free 
tes t  trtal used  as a r e t en t i on  tes t  mc rea sed  

The  p re sen t  e x p e r i m e n t  was  des igned  to tes t  w h e t h e r  this  
o b s e r v e d  behav io ra l  i m p a i r m e n t  mtght  resu l t  f rom an  effect  
of  a lcohol  on  the  h~ppocampal  c h o h n e r g l c  sys tem I ndeed .  
the re  is ev idence  to md tca t e  tha t  cho lmerg lc  m e c h a m s m s  

and  the  h~ppocampus  play a role m m e m o r y  func t ion  [5, 20, 
32] and  m s p o n t a n e o u s  a l t e rna t ion  b e h a v t o r  [14] t hough  im- 
p a i r m e n t  of  S A b e h a v i o r  by  sys temica l ly  a d m t m s t e r e d  
chohno ly t l c s  c a n n o t  solely be  in te rp re ted  as the conse-  
q u e n c e  of  a m e m o r y  defici t  (see [30]) Our  p rev ious  and  
p resen t ly  r epor t ed  resul t s  suggest  such  a m e m o r y  defici t  
s ince  expe r imen ta l  subjec ts  were  no t  ~mpa~red at shor t  mter -  
trial in te rva ls  but  were  impai red  at  longer  ones  re la t ive  to 
con t ro l s  F u r t h e r m o r e ,  changes  m cen t ra l  cho lmerg lc  act~v- 
tty have  been  o b s e r v e d  fol lowing b o t h  acute  and  ch ron ic  
e thano l  e x p o s u r e  m bo th  an imals  [15.26,  33] and m a n  [2,27] 

Accord ing ly .  the  pu rpose  of  the  p re sen t  e x p e r i m e n t  was  
twofold to tes t  w h e t h e r  the  i m p a i r m e n t  of  S A o b s e r v e d  m 
a lcohol - t rea ted  mice might  be  r eve r sed  by  physos t lgmlne  (a 
c h o h n e s t e r a s e  inhibi tor) ,  and to s tudy  poss ib le  changes  in 
h t p p o c a m p a l  c h o h n e r g l c  ac t iv i ty  by measu r ing  the  kinet ics  
of  the  s o d t u m - d e p e n d e n t  high affinity c h o h n e  up take  
( S D H A C U )  m h l p p o c a m p a l  s y n a p t o s o m e s  f rom e thanol -  
t rea ted  mtce 

tRequests for reprints should be addressed to Dr D Beracochea 
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T A B L E  1 

MEAN DALLY CALORIC INTAKE DURING THE 28 WEEKS OF DIETS ADMINISTRATION AND MEAN BOD~" 
WEIGHT (÷SEM) AT THE START AND AT THE END OF TREATMENTS 

Body Weights (g) Caloric lntake/kg 

Groups 1st day last day Dry food Dextn Sucrose Ethanol Total 

Water 244 ± 03 337 +_ 09 4074 - -  - -  - -  4074 
(N =20) 

Pa~r-fed 24 6 ± 0 4 35 6 ± 0 8 297 6 157 3 - -  - -  454 9 
(N =20) 

Ethanol 24 4 ± 0 3 34 4 ± 0 9 297 6 - -  61 4 95 9 454 9 
(N =40) 

METHOD 

Subjec t~ 

The subjects were  male mice of  the B A L B / c  strain, ap- 
proxamately 6 weeks  old at the t ime of  receipt  They were  
housed in cages o f  15 to 20 animals matched for weight  and 
placed in a colony room (ambient  tempera ture  22_+1°C, 
automat ic  light cycle 8 00 a m to 8 00 p m ) Free  access  to 
food and water  was provided  for three weeks  before  the 
begmmng of e thanol  administrat ion 

Ethanol Admmtstratton 

Animals were  randomly  assigned to one of  three groups 
SubJects of  the expenmen ta l  group were  given as their only 
source  of  fired an increasing progress ion of  ethanol  solutions 
as fol lows 5% (v/v) solution for the first week ,  10% for the 
second week  and 12% for the remamlng t ime (7 months)  The  
solutions were  mixed from 95% ethanol  and supplemented 
with sucrose  (30 g/l) They  were  available in two 250 ml 
bottles in each cage Dry food was freely available through- 
out  the exper iment  Eve ry  two days,  the subjects were  
weighed and the quant i ty  of  food and e thanol-sucrose  solu- 
tions consumed  was measured  Mice in the first control  
group were  pair-fed They  rece ived  an l soca lonc  solution of  
dexm-ma l to se  and dry food that was equiva len t  to the quan- 
tity consumed by the exper imenta l  group Animals  assigned 
to the second control  group had ad lib access  to dry food and 
tap water  After  7 months  of  t reatment ,  tap water  was pro- 
gresslvely subst i tuted for e thanol -sucrose  (or dextn-mal tose)  
solution by steps of  5% a week  Behaviora l  testing began 3 
weeks  later 

Behavioral Testing 

Most  o f  the exper iments  were  run blind All testing was 
conduc ted  in a T-maze  cons t ruc ted  of  wood  The stem and 
arms were  35 cm long, 10 cm wide and 25 cm high The 
starting box (10×12 cm) was separated f rom the stem by a 
v e m c a l  shdlng door  Hor izonta l  sliding doors  were placed at 
the ent rance  o f  each  arm Spontaneous  al ternat ion was 
tested by using two procedures  a sequentml  test  p rocedure ,  
and a discrete trial procedure  In the sequentml test proce-  
dure,  mice  were  given six success ive  trials as fo l lows To 
begin a trial, a subject  was p laced in the start  box and 
after 30 sec, the door  to the s tem was opened  When the 
animal en te red  one  of  the arms, the door  to that arm was 
c losed The chosen  arm and the t ime which elapsed be tween  
opening the door  and closing that of  the arm (choice latency) 

were  noted After  a 30 sec conf inement  in the chosen arm, 
the animal was r emoved  and placed in the starting box for a 
second trial, etc In the discrete trial procedure ,  S A 
was used as a learning paradigm and consis ted of  two forced 
trials (aqulsltlOn) fol lowed by a free test tnal  with varying 
acquisi t ion-test  intervals (ATI) Dunng  acquisi t ion subjects 
were  forced to enter  one o f  the arms twice,  the o ther  being 
b locked by the shdlng door  On the test for retent ion,  the 
animals had free access  to both arms 

Experimental Design for Behavu~ral Anal wt~ 

All subjects were  accus tomed  to daily handlmg for 5 days 
They were  then given two free explorat ion sessions of  5 mm 
m the apparatus on each of  three days before being tested for 
S A with the sequential  test  procedure  (six success ive  free 
trials separated by a 30 sec interval) The exper iment  was 
then divided into two phases 

Phase one SubJects in each group were  randomly divided 
into two subgroups and tested under  the discrete trials pro- 
cedure  In the first subgroup (ethanol N = 2 0 ,  pair-fed N =  10 
and water  N =  10) each animal was tested for the 30 sec and 1 
hr acquisi t ion-test  (ATI) intervals,  m the second subgroup 
(the same number  of  subjects m each group) these intervals 
were  5 rain and 6 hr Each subject was tested four t imes at 
each ATI  and was forced to enter  the left hand arm twice and 
the right hand arm of  the maze  twice Under  these condi- 
t ions, it may be assumed that turning biases were eliminated 
so that the chance  rate of  al ternat ion was 50% [13,21] Sub- 
jec ts  were  tested in a random order  regardless of  the group 
and ATI  Success ive  tests were  separated by two to three 
days 

Phase two The second phase of  the exper iment  was car- 
ried out with 31 animals taken randomly from the populat ion 
used in the 1st phase exper imenta l  (N=  15), pair-fed (N=8)  
and water  (N=8)  Each subject was tested 12 t imes m the 
sequential  test procedure  with an ATI  of  6 hours according 
to the procedure  descr ibed above Success ive  tests were 
separated by two to three days and each animal was succes- 
sively assigned to one o f  the two following exper imental  
condit ions Test ing was conducted  under  the influence of  
ei ther  physost igmlne (P) or  neosugmlne (N) 0 , e ,  N ,P ,N ,P ,  

or  inversely)  until each  animal was tested 6 t imes under 
each of  these two drug-condit ions Thus,  on a given test, the 
animal received an IP injection of  physost tgmine sulfate 
(0 05 mg/kg) 20 minutes before the two forced acquisit ion 
trials and 20 minutes before the test trial On the following 
test, physos t lgmme was replaced by neost lgmlne methylsul-  
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FIG 2 Mean percent spontaneous alternation (_+SEM) following 
two forced acqmsmon trials followed by a test free thai 6 hours later 
m the experimental and control groups tested under the influence of 
etther physosugmme, neostlgmme or w~thout any treatment Drugs 
(0 05 mg/kg IP) were gwen 20 minutes before both the acqmsmon 
and test trmls **S~gmficantly d~fferent from the two other condi- 
tions p<0 0l 

fate (0 05 mg/kg) given in exactly the same way as for 
physostlgmlne 

Neuroc hemt~ al Analysts 

Neurochemtcal analysis was run bhnd and was camed 
out wtth subjects treated in exactly the same way as the mine 
used for behavmral analysts, ammals were sacrificed m place 
of being submttted to the 2nd phase of behavtoral tests (i e ,  
between 7 and 9 weeks after ethanol was omttted from the 
dtet) Fourteen ammals (ethanol N=6,  pmr-fed N=4,  
water N=4) were used In addition, six mtce stall under 
ethanol treatment for 7 months were sacrificed m order to 
evaluate a possible recovery after ethanol wRhdrawal 

Sodium-dependent htgh affinity chohne uptake 
(SDHACU) kmetics were measured m ahquots of resus- 
pended crude synaptosomal (P2) pellets of htppocampi from 
three dtfferent groups of ammals The procedure, based on 
that of Atweh et al [4] consists of measuring the difference 
m the amount of methyl-3H-chollne (0 25 p,M) taken up by 
the synaptosomal altquots over a 4 mln period in parallel 
incubations in sodium-free and normal sodmm Krebs Ringer 
(see [15]) 

R E S U L T S  

Calorie Intake and Body Wetghts 

Dunng the 28 weeks of ethanol administration, the mean 
dady calorie intake as ethanol was 95 9 cal/kg As shown m 
Table 1, the mean wetght of dry food consumed datly by the 
ethanol and pmr-fed groups was less than that consumed by 
the water group No between-group differences were ob- 
served for body wetghts e~ther at the end of the period of diet 
admmistratton or at the t~me of testing 

Behavtor 

There were no stgnlficant between-group differences m 
the rates of S A m the sequenUal test procedure (stx suc- 
cessive trials separated by a 30 sec mterval) 78 5%, 81 0% 
and 77 0% respectively, for the ethanol, parr-fed and water 
groups Moreover, there were no differences m chotce 
latencies 

Ftgure 1 summarizes the results obtained w~th the dts- 
crete trial procedure at varying acquisition-test intervals 
(ATI) When compared to the pair-fed and water groups, 
ethanol-treated mtce exhtbtted an accelerated decay of S A 
rates as the ATI increased Thus, whtle there were no dtffer- 
ences for short delays, sigmficant differences were observed 
at 1 hr, F(2,37)=4 48, p < 0  01, and 6 hr, F(2,37)=5 43, 
p <0 01 Finally, at both the 1 hr and 6 hr ATI, experimental 
subjects had slgmficantly lower rates of S A than control 
mice, t(38)=3 02 and 3 18, p < 0  01 in both cases Choice 
latencms of the groups dtd not dtffer significantly at any of 
the ATIs used 

Effects of  Physosttgmme 

The results are summarized in Fig 2 Performances re- 
corded under neost~gmlne were similar to those obtained m 
the first phase of the experiment (wtthout treatment) and 
confirmed the disruptwe effect of ethanol at the 6-hr interval 
(controls vs ethanol t(29)=4 23, p < 0  001) As can be seen 
m this figure, physosttgmine dramattcally tmproved per- 
formance in alcohol-treated subjects (from 47 8_+4 5% to 
74 5_+4 3, t(14)=4 12, p < 0  01) No effect was observed on 
chome latencies Physostigmme had no effect on the per- 
formance of control groups While one might think that the 
lack of an effect of physosttgmine on the performance of 
control ammals could be due to a cetlmg effect, tt should be 
pointed out that performance of long ITIs was poorer than 
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T A B L E  2 

KINETICS OF SODIUM-DEPENDENT HIGH AFFINITY CHOLINE UPTAKE IN HIPPOC a, MPAL 
SYNAPTOSOMAL FRACTIONS IN ETHANOL-TREATED MICE AND IN THE WATER AND 

PAIR-FED CONTROL GROUPS 

Water Pair- Fed Ethanol I Ethanol- 
Groups (N =4~ (N =41 IN --6) (N =6~ 

SDHACU 
p mol/4mn/ 
mg prot 

17 39 + 1) 35 17 21 -+ 020 1525 + 027" 14 04 ~ 033" 

*Slgmficantly different from the two control groups, p =0 005 
1-Seven to 9 weeks after ethanol was omitted from the diet 
:~Stlll under ethanol treatment 

that at short  ITIs ,  and yet physos t lgmme did not affect per- 
fo rmance  at the longer  ITIs 

Neuroehemtcal Anal3~ls 

Results  of  the neurochemlca l  analys~s are s u m m a n z e d  in 
Table  2 The kinetics of S D H A C U  in hlppocampal  
synatosomal  fractions were  significantly lower  in alcohol-  
t reated mice 7 to 9 weeks  after wtthdrawal  than in ei ther  the 
water  or  paar-fed groups ( -  12%, p =0  005 in both cases) The 
same phenomenon  was observed  In subjects still under the 
influence of ethanol which exhibi ted a slight but non- 
significantly lower  S D H A C U  than the e thanol-wi thdrawn 
group, t(10)=1 99, n s 

DISCUSSION 

Our main findings are as follows (1) the first phase of  the 
e x p e n m e n t  shows that the ethanol  t reatment  procedure  
leads to m e m o r y  deficits which are not  dependent  on caloric 
intake, (2) physost igmlne,  but not neost lgmlne,  given 20 rain 
before both acquisi t ion and test tnals reverses  the behavioral  
deficit exhibi ted by the exper imenta l  group,  (3) our  biochem- 
ical exper iment  reveals  a disrupt ion o f  the h lppocampal  
chohnerglc  activity,  measured by Sodium Dependent  High 
Affinity Choline Uptake  ( S D H A C U )  

In the present  exper iments  with mice,  chronic ethanol 
t rea tment  resulted in behavioral  deficits even  after ethanol 
was omitted f rom the diet for several  weeks  Our behavioral  
analysts shows that exper imental  subjects exhibi ted an ac- 
celerated rate of  decay of  to -be- remembered  information 
The fact  that no deficits were  observed  in ei ther  the sequen- 
tial test  p rocedure  (6 trials at a 30 sec interval) or  at short 
intervals (30 sec and 5 rain) of  the discrete trial procedure  
suggests that both the encoding of  information and the 
mechanisms which reduce  the tendency  to repeat  a recent  
e x p e n e n c e  functmned normally  [28] Consequent ly ,  the de- 
chne in spontaneous  al ternat ion as a funct ion of  time may be 
a scnbed  to a progress ive  unavadabihty  of  the memory  trace 
relat ive to events  occurr ing on acquisi t ion trials [6,7], such a 
conclusion is congruent  with observat ions  made by Walker  
and Hunte r  [35] m alcohol- t reated rats H o w e v e r  experi-  
ments with amnesic  Korsakof f  patients do not  demonst ra te  
such an accelera ted  rate of  forgett ing [17,18] except  for 
m e m o r y  tasks employing commonly  used words  [17] In the 
present  exper iment ,  subjects were repet i t ively tested m the 
same maze.  a situation in which the information to be re- 

membered  was highly famlhar As a consequence ,  one can 
suppose that, as for f requent  words,  this is a condit ion which 
would  provide substantial  potential  for proact ive interfer- 
ence  

The finding that physos t lgmme (but not neostlgmlne) re- 
versed the behavioral  deficit suggests that the behavioral  
deficit could be due to a dysfunct ion of  the central chohner-  
glc system The chohnerglc  system has been implicated in 
amnesia  and memory  processes  in o ther  research [5, 20, 32] 
Howeve r ,  one might be cautious about  the interpretat ion of 
such findings Acco rdmg  to the mult ipathway hypothesis  of  
memory  format ion physost igmlne may only be compensat ing 
for a functional deficit related to brain damage induced by 
the long-term ethanol t reatment ,  but unrelated to the pres- 
ently observed  but apparently limited chohnerglc dysfunc- 
tion More  precisely,  we have found that the same ethanol 
t reatment  induced neuronal  loss m the median mammiIlary 
nucleus m mice [23], and exper imental  lesions of  this nucleus 
result  in a slmdar accelera ted  rate of  decay in delayed spon- 
taneous al ternation [8] It is possible that the act ivation of a 
chohnergic  channel  by physost lgmlne compensates  for a 
deficit  which Is not related to a cholinerglc dysfunction 
H o w e v e r ,  our results are congruent  with some chnlcal ob- 
servat ions showing that physost igmlne t reatment  improves 
memory  performance  In amnesic  patients [22] For  this rea- 
son, we studied m the present  e x p e n m e n t  the effects of  the 
long-term ethanol t rea tment  on S D H A C U  activity in the 
h lppocampus  

It was found that chronic ethanol treatment resulted m a 
slight (12%) but significant decrease in the kinetics of  
S D H A C U  It may be noted that this apparently hmlted reduc- 
tion m high affinity choline uptake may result from one of  three 
possible causes (1) a straight-forward decrease of  12~ m 
acetylchohne turnover rate w~thout any accompanying reduc- 
tion in neuronal density, (2) a decrease m chohnerglc neuronal 
density of  12% without alteration o f  ace ty lchohne turnover  
rate or  (3) a reduct ion of  greater  than 12% in neuronal  density 
and affecting a large propor t ion of  chohnergic  terminals but 
with a concomitant  accelerat ion in the acety lchohne turn- 
ove r  rate of  the surviving neurones ,  via a homeosta t ic  com- 
pensat ion mechamsm,  in an a t tempt  to maintain chohnerglc  
tone This latter phenomenon ,  which has been observed m 
central  dopammergic  neurones undergoing degenerat ion 
(e g , in Parkmsons '  disease or  following 6-hydroxydopamlne 
lesions) [1, 9, 16], highlights the necessity of  using dynamic 
techniques (e g , S D H A C U )  which give an index of  the state 
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of  act ivi ty  of  chohne rg l c  n e u r o n e s  m v~vo This  is especia l ly  
p e r t i n e n t  s ince s imple m e a s u r e s  of  e n z y m a t i c  ac t iv i ty  (e g ,  
chol ine  ace ty l t r ans fe rase ,  CHAT) in case  (3) would have  indi- 
ca ted  an  a p p a r e n t  h y p o f u n c t l o n  of  c h o h n e r g l c  t r an s m i s s ion  
of  g rea te r  magni tude  t han  might  actual ly  exis t  

Our  resul t s  are c o n g r u e n t  wi th  clmlcal  o b s e r v a t i o n s  of  
K o r s a k o f f  amnes i c  pa t i en t s ,  w ho  exh ib i t ed  a dec rease  in 
b ra in  chol ine  ace ty l t r ans fe ra se  act iv i ty  [2,27] and  a dec rea se  
in m u s c a n n l c  chol lnerg lc  r ecep to r s  a s soc ia t ed  wi th  neu rona l  
loss in the  nuc leus  b a s a h s  of  M e y n e r t  [3] H o w e v e r ,  as 
sugges ted  by  one  r ev i ewer  of  this  paper ,  the func t iona l  sig- 
n i f icance  of  such  a h m l t e d  (but  s ignif icant)  r educ t ion  of  the  
S D H A C U  act iv i ty  is no t  c lear  This  d iminu t ion  could  be  
c o m p e n s a t e d  for  by  h o m e o s t a t i c  m e c h a m s m s  in an  a t t emp t  
to l imit this c h o h n e r g l c  dys func t ion ,  such  as an increased  
sens i t iv i ty  of  muscarlnlC chohne rg l c  r ecep to r s  wh ich  has  

been  o b s e r v e d  af ter  c h r o m c  e thano l  t r e a t m e n t  [33] This  
highl ights  the  necess i ty  of  s t udymg  comple t e  c h o h n e r g l c  
synapse  af te r  long- te rm e thano l  c o n s u m p t i o n  m o rde r  to 
clarify the  effects  of  such  a t r e a t m e n t  on  the  c h o h n e r g l c  
t r ansmis s ion  

While  the  p r e sen t  pha rmaco log ica l  and  b iochemica l  ex- 
pe r imen t s  suppor t  the chohne rg l c  hypo thes i s  of  m e m o r y  
defici ts  i nduced  by  a ch ron ic  e thano l  c o n s u m p t i o n ,  such  an  
hypo thes i s  mus t  be  s t r eng thened  by  fu r ther  e x p e n m e n t s  as 
sugges ted  in the  tex t  
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