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HARRIS, R A , D FENNER, D FELLER, G SIECKMAN, S LLOYD, M MITCHELL, J D DEXTER, M E 
TUMBLESON AND D B BYLUND Neuro~ hemt~ al effec t~ of long-term mgestton of ethanol by Sinclair (S-I) s~* me 
PHARMACOL BIOCHEM BEHAV 18(3) 363-367, 1983 ----SmclaJr (S-I) mmmture swine were given access to a mixture of 
ethanol and beer for three years Control swine were fed an ~socalorJc d~et w~th corn starch substituted for ethanol Both 
groups had free access to tap water The alcohol group consumed about 4 g ethanol/kg/day (about 50% of their caloric 
retake) resulting in plasma ethanol concentrations of about 100 mg/dl Brain membranes were prepared for analysis of 
neurotransmitter receptor binding, membrane hpld composmon and physical properties Receptor studies demonstrated an 
increase m the binding of 3H-GABA to cortical and cerebellar membranes from the alcohohc pigs as compared to control 
Binding of 3H-hgands to muscanne chohnerglc,/3-adrenerglc, a-adrenerglc, dopamme and benzodmzepme receptors was 
not changed by chronic ethanol mgesuon These results are slmdar to those obtained m studzes of human alcohohcs by 
other investigators The cholesterol content of myehn and synaptlc plasma membranes was not altered by ethanol con- 
sumpt~on The fluorescence polarization of d~phenythexatnene, a measure of membrane order, d~d not detect any d~ffer- 
ences m the membranes from control or alcohol-treated swine either before or after tn vgtro exposure to ethanol These 
results are d~fferent from those reported for rodents after short-term ethanol treatments and emphasize the importance of 
evaluating different models of experimental alcohohsm 

Alcohohsm Neurotransm~tter receptors GABA Membrane flmdlty 

T H E  neurochemlcal  effects  of  chronic  alcohol  consumpt ion  
have been the subject  of  many recent  invest igat ions Two of  
the mam areas of  interest  are neurotransm~tter  receptor  bind- 
ing, and membrane  composi t ion  and physical  propert ies  
Administrat ion o f  ethanol  to m~ce or  rats for one or  two 
weeks  Increases m u s c a n m c  cholinerg~c receptors  m brain 
[15,22], al though this change is not seen after four  days of  
t rea tment  [10] Trea tment  with ethanol  for four  to nineteen 
days does not  alter rodent  brain a-adrenerglc ,  benzodlaze-  
pine, 3,-amlnobutyrlc acid (GABA),  f l-adrenerglc or  dopa- 
mine receptor  binding [7, 10, 12, 15, 21, 23] H o w e v e r ,  
f l-adrenergic receptor  binding is decreased  In rat brain and 
heart  after consumpt ion  o f  e thanol  for 60 days [I] and mouse  
brain benzodlazeplne  receptor  binding IS decreased  after 7 
months  of  alcohol  ingestion [7] In addition, increased 
G A B A  receptor  binding is observed  in brams of  human aico- 
hohcs [24] These  results suggest that prolonged ethanol  
consumpt ion  may produce  changes in neurot ransmlt te r  re- 
cep tor  bmdlng which are not observed  after short - term 
t rea tment  

Some changes in rodent  membrane  physical  propert ies  
and composi t ion  have been repor ted  Consumpt ion  of  
ethanol  increases synaptic plasma membrane  (SPM) choles-  

terol  [2], alters the acyl composi t ion o f  SPM phospholiplds 
[13], increases the rigidity of  SPM [19] and decreases  the 
perturbat ion of  brain membranes  produced by :n v:tro expo- 
sure to e thanol  [3] 

With the except ion  of  the study of  G A B A  binding in 
human alcohohcs  and benzodtazepine  bmdmg in mice,  the 
studies discussed above  used force consumpt ion  o f  ethanol 
for short periods of  t ime as a model  o f  chronic  ethanol  expo-  
sure The re levance  of  these paradigms to human a lcohohsm 
remains controvers ia l  An animal model  which Incorporates 
several  aspects  of  human alcoholism is the Sinclair  (S-l)  
miniature swine This species will vo lun tan ly  consume in- 
toxicating quanti t ies  o f  ethanol  o v e r  a long per iod of  t ime 
[4,25] Neurochemica l  correlates  of  a lcohol  dependence  
have not, however ,  been reported for this paradigm The 
purpose of  the present  study was to invest igate the effects o f  
long-term consumpuon  of  alcohol on neurot ransmlt ter  re- 
cep tor  binding, and membrane  composi t ion  and physical  
propert ies  For  these studies, we obtained brain tissue from 
two groups o f  swine one which had voluntari ly consumed 
ethanol  for 3 years (alcohol group) and one (control group) 
whose  caloric,  carbohydra te  and protein-intake was matched 
to that of  the alcohol  group 
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T A B L E  l 

CONDITIONS FOR BINDING OF RADIOACTIVE LIGANDS TO BRAIN MEMBRANES FROM MINIATURE SWINE 

3H-Llgand 

Assay Assay Assay Conc Range 
Vol Protein Temp Time LNmd Blank 

Buffer Iml) (mg/ml) {°C) (mln) (nM) (/~tM) 

Prazosm 40 mM Tns 1 0 25 25 30 0 2 -6 I )NE (100) 
p H 7 4  

p-Amlnoclonldlne 40 mM Tns 1 0 12 25 ~;0 0 1 -2 I - )N  E ( I } 
p H 7 4  

Yohlmbme 25 mM Glygly* 1 0 08-0 12 25 30 0 1 -1 I - )NE (10) 
p H 7 4  

Splropendol 40 mM Tns 2 0 03~ 25 60 0 05-7 (+)Butaclamol (1) 
pH 8 

Qulnuchdmyl 40 mM Tns 1 0 03-0 05 25 30 0 2 -3 Atropine {1) 
benzfiate pH 8 

Dlhydroalprenolol 40 mM Tns 1 0 25 25 30 0 1 -2 I-)Propranolol l0 3) 
pH 8 

Flumtrazepam 40 mM Tns- 0 5 0 25-0 5 4 15 0 3 -10 Dlazepam I I0) 
c~trate pH 7 2 

y-Amlnobutync Acid 40 mM Trl~- 0 5 0 25-0 5 4 15 8 -64 GABA (I00) 
(GABA) citrate pH 7 2 

*Glycylglycme 

METHOD 

Ammals 

Male and  female  Sinclair  (S- l )  mlmatu re  swine (9 m o n t h s  
of  age at  the  beg inn ing  o f  the s tudy) were housed  individu- 
ally The  l i fespan of  these  animals  is abou t  12 years  Initial 
body  weights  ave raged  36 kg for the  cont ro l  g roup  and  31 kg 
for  the alcohol  group Final body  weights  were 70 kg icon-  
trol) and 51 kg (alcohol)  The  e thanol  group was given free 
access  to 10c~ w/v e thanol  m beer  Bee r  was  del ivered by 
Lixlt  spouts  which  reduced  spillage to abou t  10% of  the total  
consumpt ion  Spillage was col lec ted  m a pan under  the  spout  
and  measu red  daily Bo th  e thanol  and  cont ro l  groups  were 
a l lowed free access  to tap  wate~ and were given 53 g of  
p ro te in /day  in addi t ion  to 500 g/day pig chow To compen-  
sate for  the calor ies  der ived f rom e thanol  and beer ,  the con-  
trol group was g iven  450 g/day of  corn  s ta rch  Animals  were  
ma in ta ined  on the i r  respec t ive  reg imens  for 35-37 m o n t h s  
They  c o n s u m e d  about  4 g of  e thanol /kg /day  which  was 
equ iva len t  to abou t  50% of  thei r  calor ic  retake Plasma 
e thano l  concen t r a t i ons  were de t e rmined  weekly  (2-4 p m ) 
and  ave raged  abou t  140 mg/dl for  males  and  abou t  100 mg/dl 
for females  for  the last  12 weeks  of  the  s tudy The  animals  
c o n s u m e d  abou t  50% of  the i r  daffy e thanol  b e t w e e n  8 a m 
and  2 p m and  blood e thanol  levels were near  maximal  at the 
tune  of  measu remen t  These  data  will be presented  in detail 
e l sewhere  ( T u m b l e s o n  and Dexter ,  in p repa ra t ion)  Animals  
were  not  w i t h d r a w n  f rom ethanol  and the  b lood e thanol  con-  
cen t r a t ions  at the t~me of  dea th  (9-11 a m ) was 50 to I00 
mg% The  an imals  showed  no signs of  wi thdrawal  The  
swine  were given 12 mg/kg ke tamine  HC1 0 088 mg/kg at- 
ropine sulfate and  sufficient th iamyta l  sodium to p roduce  
light anes thes i a  They  were  killed by exsangu ina t lon  and de- 
capi ta ted  The  bra in  was r emoved ,  p laced  on ice and  dis- 
sec ted  The  bra in  regions were  weighed  and homogen ized  
for m e m b r a n e  p repa ra t ion  as descr ibed  be low 

Mumblallu Plupalalloll 

All s teps  were  done  at 0-5°C For  r ecep to r  binding as- 
says,  t issue was homogen ized  for  30 sec in 50 mM T n s  HC1 
IpH 7 4) with a T i s sumlze r  (Tekmar  Co , Cinc innat i  OH)  
and cent r i fuged at 48 ,000×g for 10 rain The  supe rna tan t  was 
d i scarded  and the pellet  was  homogen ized  again This  sus- 
pens ion  was cent r i fuged as before  and the pellet  was again 
h o m o g e m z e d  This  s u s p e n s | o n  was cent r i fuged as before ,  
and  the  pellet  was s tored at - 7 0 ° C  For  binding s tudies ,  the 
m e m b r a n e s  were  suspended  m the  appropr ia te  buffer  (Table  
1) and  used wi thou t  fu r ther  t r ea tmen t ,  excep t  in the case  of  
G A B A  recep to r  binding For  G A B A  binding,  m e m b r a n e s  
were  h o m o g e m z e d  with 0 01% Tr i ton  X-100 and  incuba ted  at 
37 ° for  30 rain [5] M e m b r a n e s  were  pel leted and  resus- 
pended  in 50 m M  Trls c i t ra te  (pH 7 2) buffer  for  the  binding 
assay  

For  analysis  of  m e m b r a n e  hpld compos i t i on  and physical  
p roper t ies ,  bra in  nssue  (ce rebe l lum and  cor tex)  was 
homogen ized  m 0 32 M sucrose  with 10 mM H E P E S ,  pH 7 4 
Myel in  and synapt ic  p lasma m e m b r a n e s  (SPM-2) were  pre- 
pared by d i scon t inuous  gradient  cent r I fugat lon as descr ibed  
previously  [6,8] 

Re~ eptol Btndm~,, 

The binding of  t r i t la ted hgands  (New England  Nuclear ,  
Bos ton ,  MA) to bra in  m e m b r a n e s  was measu red  by incubat-  
ing the m e m b r a n e  with 5-7 c o n c e n t r a t i o n s  of  each  hgand  
Each  m e m b r a n e  was a s sayed  m duphca t e  or  t r lphca te  
Radioac t iv i ty  b o u n d  to the  m e m b r a n e s  was de t e rmined  af ter  
f i l t rat ion ( W h a t m a n  GF/B filters) and wash ing  for  all hgands  
excep t  G A B A ,  which  was  de t e rmined  by centr f fugat lon 
(30 ,000xg for  10 mln) NonspeclfiC binding was de t e rmined  
by  addi t ion  of  an appropr ia te  excess  of  a compe t ing  hgand 
The  assay condi t ions  used for each  hgand are given in Table  1 
The  n u m b e r  of  b inding sites (B . . . .  ) and  the affinity of  b inding 
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T A B L E  2 

RECEPTOR DENSITY (BM~0 AND AFFINITY {KD) IN MINIATURE SWINE BRAIN AFTER CHRONIC CONSUMPTION 
OF ALCOHOL 

KD (nM) BM.x (pmol/mg Protein) 

Receptor Llgand Brain Area Control Alcohol Control Alcohol 

Benzodlazepme Flumtrazepam Cortex 5 4  + 0 9  5 0  _+03 2 0  _+ 0 2  2 4  _+ 01  
Cerebellum 55  + 0 3  5 6  _+04 l 0  _+01 l 0  +_01 

QNB Caudate 009-+ 001 0 l l  -+ 002 1 3 -+ 0 2  l 5 _+ 0 1 
Splropendol Caudate 0 03 _+ 0 02 0 03 _+ 0 03 0 58 _+ 0 06 0 63 _+ 0 02 
DHA Cerebellum 0 28 _+ 0 02 0 32 _+ 0 02 0 13 _+ 0 01 0 15 _+ 0 01 
Yohlmbme Cortex 0 27 _+ 0 02 0 26 _+ 0 02 0 17 _+ 0 02 0 16 _+ 0 02 
PAC Cortex 1 2 _+ 0 1 1 1 _+ 01  008_+ 001 008_+ 001 
Prazosm Cortex 0 13 _+ 0 02 0 10 _+ 0 01 0 22 _+ 0 01 0 23 _+ 0 02 

Muscanmc 
Dopamme 
fl-Adrenerglc 
c~-Adrenerglc 

Values represent mean _+ SEM N=8-9  There are no slgmficant differences between alcohol and control 

(KD) were d e t e r m i n e d  by  a Rosen tha l  [18] analys is  of  the  
b inding  cu rves  

Membrane Composttlon and Phwtc al Propertte~ 

Llptds  were  ex t r ac t ed  f rom SPM and myel in  m e m b r a n e s  
o f  cor tex  and  ce rebe l lum as desc r ibed  p r ewous ly  [6] The  
cho les te ro l  c o n t e n t  was  d e t e r m i n e d  by gas c h r o m a t o g r a p h y  
[6] The  " f l u i d i t y "  of  the SPM and  the i r  sens i t iv i ty  to m vttro 
exposu re  to e thano l  was  s tudied  us ing  d l pheny l hexa t r l ene  
(DPH)  as a f luo rescen t  p robe  o f  the  m e m b r a n e  core  [8] 
F l u o r e s c e n c e  po la r iza t ion  of  D P H  was m e a s u r e d  as de- 
sc r ibed  p rev ious ly  [8] at  37°C using an  HH-1 spec t ro-  
f luor imete r  ( B H L  Assocmtes ,  B u r h n g a m e ,  CA)  

Other Assays 

Prote in  was d e t e r m i n e d  by the  m e t h o d  o f  L o w r y  [14] 
usmg BSA as the  s t anda rd  

RESULTS 

Re~ eptor Binding 

C h r o m e  c o n s u m p t i o n  of  e thano l  inc reased  the  b inding  o f  
3H-GABA to bra in  m e m b r a n e s  In the  co r t ex  and  ce rebe l lum 
of  female  swme,  the  inc reased  b m d m g  was  due to a dec rea se  
In KD with  no change  I n  B m a  \ (Fig l) In male  swine ,  the  KD 
was  d e c r e a s e d  in ce rebe l lum whde  Bmax was inc reased  In 
cor tex  F o r  the  con t ro l  group,  the re  was  a c lear  sex differ- 
ence  m a H - G A B A  binding ,  with  females  d isplaying twice  as 
many  b inding  si tes as males  for  bo th  cor tex  and  ce rebe l lum 
The  b inding  affinity did not  differ  b e t w e e n  males  and  females  
(Fig l)  Wi th  the  c o n c e n t r a t i o n s  of  a H - G A B A  used  in the  
p re sen t  s tudy,  we de t ec t ed  on ly  1 popu la t ion  o f  b inding  
sites 

In con t r a s t  to the  changes  in 3H - G A BA  bmdlng ,  c h r o m e  
alcohol  c o n s u m p t i o n  did not  a l te r  the  b inding of  hgands  for  
b e n z o d m z e p l n e ,  m u s c a n m c  chohnerg ic ,  dopamlne ,  
/3-adrenerglc or  a - ad rene rg l c  r ecep to r s  (Table  2) T he  data  In 
Table  2 are the average  o f  values  ob ta ined  f rom b o t h  male  
and  female  swine  W h e n  ana lyzed  separa te ly ,  the re  was  no 
signif icant  d i f fe rence  b e t w e e n  males  and  females  

Cholesterol Content o f  Bram Membrane~ 

The  cho les te ro l  con t en t  of  SPM and  myel in  was de ter -  
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FIG 1 Effects of chrome alcohol treatment in the binding of 3H- 
GABA to brain membranes from S-1 mtmature swme The left half 
represents binding affimty (Kd, nM), the right half represents the 
number of binding sites (Fmax, pmol/mg protein) Values m the upper 
panels were obtained from cortlcol membranes, values in the lower 
panels from cerebellar membranes Open bars represent control 
animals, shaded bars represent chronic alcohol Values are 
mean_+ SEM, n = 8--9 *indicates slgmficantly different from control, 
p < 0  02 

m m e d  (Table  3) C h r o m e  alcohol  inges t ion did not  a l te r  the 
cho les te ro l  con t en t  of  SPM or  myel in  f rom e i the r  cor tex  or  
ce rebe l lum In addi t ion ,  ch ron ic  a lcohol  c o n s u m p t i o n  did 
not  change  the acyl  compos i t i on  of  SPM or  myel in  (not  
shown)  

Membrane Phystcal Propernes 

The  f luorescence  p robe  molecule  D P H  was used  to meas-  
ure the  o rde r  o f  the  h y d r o p h o b i c  core  of  SPM F l u o r e s c e n c e  
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T A B L E  3 
EFFECTS OF CHRONIC ALCOHOL CONSUMPTION ON THE 
CHOLESTEROL CONTENT OF BRAIN MEMBRANES FROM 

MINIATURE SWINE 

p. Mol Cholesterol/mg Protein 

Membrane Brain Region Control Alcohol 

SPM Cortex 0 52 +_ 0 04 0 52 _+ 0 03 
Cerebellum 0 49 _+ 0 03 0 51 _+ 0 05 

Myehn Cortex 0 69 + 0 04 0 59 -+ 0 04 
Cerebellum 0 73 + 0 05 0 66 _+ 0 05 

Values are mean _+ SEM, n=8-9 

polar iza t ion  values  indica ted  that  chron ic  alcohol  exposu re  
did not  affect  the  rigidity of  the  m e m b r a n e s  (control ,  
0 256-+0 005, a lcohol .  0 259-+0 004) I n  v t t l o  exposure  to 
e thanol  dec reased  f luorescence  polar iza t ion ,  indicat ing a 
d i sorder ing  of  the  m e m b r a n e  (Fig 2) The  pe r tu rba t ion  
p roduced  m v m o  by e thano l  was  the same for m e m b r a n e s  
f rom bo th  cont ro l  and  a lcohol  swine The  da ta  in Fig 2 rep- 
r e sen t  an average  of  va lues  f rom male and  female swine and  
f rom cor tex  and  ce rebe l lum Separa te  analysis  of  each  sex 
and  bra in  region (by analys is  of  va r iance  for  repea ted  meas-  
ures)  ind ica ted  no s igmficant  effect  of  chron ic  alcohol  expo-  
sure 

DISCUSSION 

These  resul t s  d e m o n s t r a t e  an inc rease  in G A B A  recep to r  
b inding in S-1 minia ture  swine bra in  fol lowing long- te rm 
c o n s u m p t i o n  of  e thano l  This  change  was se lec t ive  for  
G A B A  recep to r s  as b inding of  hgands  to adrenerg lc ,  
chohnerg lc ,  dopamlne  and  benzod l azep l ne  r ecep to r s  was  not  
affected by  a lcohol  c o n s u m p t i o n  These  resul ts  are very  
similar  to those  ob ta ined  by Tran  e t  a l  [24] In s tudies  of  
h u m a n  a lcohol ics  These  inves t iga tors  repor ted  an increase  
in the n u m b e r  of  G A B A  binding si tes In cort ical  t issue f rom 
male a lcohol ics ,  while chohnerg lc  f l -adrenerglc  and  benzodl -  
azep lne  b inding were  not  a l te red  (A small  dec rease  in 
f l -adrenergic  r ecep to r s  was  o b s e r v e d ,  but  this was  a t t n b u t e d  
to pos t -mor t em changes  ) Likewise ,  we o b s e r v e d  an 
a lcohol - induced  increase  in the n u m b e r  of  G A B A  binding 
sites in cort ical  t issue f rom male swine ,  the  inc reased  b inding 
in ce rebe l l a r  t issue f rom males  and  in cort ical  and  cerebel-  
lar t issue f rom females  was due to e n h a n c e d  b inding affinity 
In t e rp re t a t ion  of  these  resul t s  is complex  The  G A B A -  
r ecep to r - l onophore  con ta ins  severa l  subunl t s ,  including 
benzod i azep lne  and  ba rb i tu ra t e  b inding sites [16] An in- 
c rease  in G A B A  recep to r  b inding might  be expec t ed  to 
e n h a n c e  G A B A  act ion in wvo, bu t  it is impor t an t  to note  tha t  
it is n e c e s s a r y  to r e m o v e  e n d o g e n o u s  lnh~bitors of  G A B A  
recep to r  b inding pr ior  to the  b inding assay  If  a lcohol  con-  
sumpt ion  affects  the  level of  these  lnhlbl tors ,  t hen  the  bind-  
ing o b s e r v e d  in vz tro  may not  ref lect  b inding tn w v o  In the  
range of  hgand  concen t r a t i ons  used in this  s tudy and  tes ted  
by Tran  e t  a!  [24] there  was ev idence  of  only one popula t ion  
of  b inding sites,  but  it may  be  poss ible  to de tec t  o the r  sites 
using a wider  range  of  hgand  c o n c e n t r a t i o n s  [5] Regard less  
of  the in te rpre ta t ion ,  it is impor t an t  to note  tha t  the  changes  
p roduced  by long- te rm alcohol  c o n s u m p t i o n  in min ia ture  
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FIG 2 Effects of nl ~ttto addmon of ethanol on the fluorescence 
polarization of DPH In synapIlc plasma membranes from S-I mmm- 
ture swine The abscissa represents the concentration (mMI of 
ethanol added, the ordinate represents the change m fluorescence 
polarization produced by each addition Open c~rcles represent 
membranes from control swine filled circles represent membranes 
from chromc alcohol swine Values represent mean+SEM n = 8-9 

swine are s imilar  to those  found in h u m a n  a lcohol ics  This  is 
in con t r a s t  to s tudies  with  rats  where  21 days  of  a lcohol  
exposu re  did not  a l ter  G A B A  recep to r  b inding [17 23] 
Likewise ,  the  se lec t ive  effect  on G A B A  recep tors  is in con-  
t rast  to the  dec rease  in f l -adrenerglc  r ecep to r  b inding no ted  
af ter  60 days  of  a lcohol  c o n s u m p t i o n  by  rats  [I], the dec rease  
in benzod l azep lne  binding repor ted  in mice af ter  7 m o n t h s  of  
a lcohol  exposu re  [7], and  the increase  in musca rmlc  
chohnerg ic  r ecep to r  binding found in mice af te r  7 days  of  
a lcohol  c o n s u m p t i o n  [22] 

In con t r a s t  to the  s tudies  of  roden t s  and  humans ,  an imals  
in our  s tudy were  anes the t i zed  wi th  a mix ture  of  ke tamlne .  
a t rop ine  and  th lamyta l  It is unl ikely tha t  these  drugs  a l tered 
the  r ecep to r  b inding because  m e m b r a n e s  were washed  ex- 
tens ive ly  pr ior  to the m w t t o  studies  F u r t h e r m o r e  addi t ion 
of  these  drugs  di rect ly  to the  assay  solut ion did not  a l ter  the  
b inding of  ~H-GABA unde r  the condi t ions  of  the p resen t  
s tudy ([26] and unpub l i shed  results)  A t rop ine  can compe te  
with Q N B  for muscarlnlC binding si tes bu t  in view of  the  
high dens i ty  o f ~ H - Q N B  sites o b s e r v e d  in the p resen t  s tudy it 
is doubt fu l  tha t  admlms t r a t l on  of  a t rop ine  reduced  recep to r  
b inding  

Changes  m m e m b r a n e  lipid compos i t i on  and  physical  
p roper t i es  have  been  suggested  as m e c h a n i s m s  for  to le rance  
and  d e p e n d e n c e  [9] It is, howeve r ,  unl ikely tha t  changes  in 
m e m b r a n e  hplds  were  respons ib le  for  the  inc rease  in G A B A  
recep to r  b inding  o b s e r v e d  in the  p resen t  s tudy Analys i s  of  
the cho les te ro l  con ten t  of  synapt lc  and myel in  m e m b r a n e s  
did not  de tec t  any  effect  of  chron ic  a lcohol  c o n s u m p t i o n  
Likewise ,  chron ic  ingest ion of  a lcohol  failed to change  the  
phys ica l  p roper t i es  of  synapt ic  m e m b r a n e s  F luo re scence  
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polar izat ion of  DPH indicated that  ne i ther  the intrinsic o rde r  
of  the m e m b r a n e s  nor  their  sensi t ivi ty to the disorder ing 
effect  o f  e thanol  were  al tered by chronic  ethanol  exposure  
These  resul ts  are also in cont ras t  to the effects  o f  shor t - te rm 
ethanol  t r ea tment  in roden t s ,  where  changes  in acyl satura- 
t ion, choles terol  con ten t  and e thanol - induced  memb ran e  
fluidizatton have  been  obse rved  [2, 3, 11, 13, 19] Al though 
several  of  the s tudies  [11,13] of  roden ts  have used a crude 
synap tosomal  prepara t ion ,  it is poss ib le  that  our  preparat ion 
of  synapt lc  m e m b r a n e s  was not  sufficiently pure to allow 
detec t ion  of  small changes  in SPM Our membrane  isolation 
p rocedure  is well suited for  rodent  brain t issue [6], but the 
purity of  the membranes  obta ined f rom swine brain has not  
been  charac te r ized  In addit ion,  there  may be species  differ- 
ences  in the r e sponses  of  brain m e m b r a n e s  to alcohol treat-  
ment ,  for example ,  the changes  in lipid acyl compos i t ion  
measured  by Sun and Sun [201 in guinea pig brain differ 
markedly  f rom those repor ted  by Llt t le ton et al [13] for 
mouse  brain Neurochemica l  r e sponses  to ethanol  may also 
depend  upon the length and level o f  exposure  Studies  with 

rodents  have used techniques  which achieve  high (200-400 
mg/dl) blood ethanol  concen t ra t ions  for a few days  In con- 
trast ,  the technique  used in the p resen t  s tudy mainta ined 
modera te  blood ethanol  (50-200 mg/dl) for three  years  Al- 
though there  is ev idence  for to lerance and d e p e n d e n c e  in 
swine consuming  these  quanti t ies o f  e thanol  [4,25], it is 
possible  that  the degree  of  to lerance  and d e p e n d e n c e  is not 
as great  as that  achieved during shor t - te rm t rea tment  of  ro- 
dents  Perhaps  the present  techniques  can only de tec t  mem- 
brane  changes  which accompany  a very high degree  of  
to lerance  and d e p e n d e n c e  Regardless  of  the reasons  for the 
di f ferences  be tween  the p resen t  results  and those  obta ined In 
o ther  s tudies,  our findings emphas ize  the need for caut ion in 
extrapolat ing results  from shor t - te rm studies in rodents  to 
long-term consumpt ion  in o ther  species ,  including human 
alcoholics  
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