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PENN, P. E., W. J. MCBRIDE, L. LUMENG, T. M. GAFF A ND T.-K. LI. Neurochemieal and operant behavioral studies of 
a strain of alcohol-preferring rats. PHARMAC. BIOCHEM. BEHAV. 8(4) 475-481 ,  1978. - The levels of serotonin 
(5-HT), 5-hydroxyindoleacetic acid, tyrosine (TYR), norepinephrine (NE), acetylcholine, GABA, glutamate (GLU), 
aspartate (ASP), alanine, glycine (GLY) and taurine were measured in the CNS of adult male rats selectively inbred to the 
F8 generation for alcohol preference (P) and non-preference (NP). With respect to the values found in the NP group, higher 
levels of 5-HT, GABA, GLU and GLY and lower levels of ASP were found in the diencephalon-mesencephalon (D-M) and 
higher levels of NE were found in the telencephalon (TEL) of the P group. The animals in the P and NP strains were further 
subdivided into two additional groups, one given only H 20  (W) and the second given 10% ethanol (A) during a one week 
period, thereby producing four groups (NP-W, NP-A, P-W and P-A). With these conditions, the level of (a) TYR in the D-M 
was higher in the P-A and NP-A animals than in the P-W and NP-W groups, respectively; (b) 5-HT in the TEL was higher in 
the NP-A group than NP-W group; and (c) GABA in the TEL was higher in the P-A than P-W animals. No differences were 
observed in the cerebellum between the two strains or between the subgroups within each strain. The present study also 
demonstrated that the P animals will work in an operant situation to obtain 10% ethanol, even when H20 is freely 
available, and will voluntarily bar-press up to 6 - 7  times for each ethanol reinforcement. 
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THE E L U C I D A T I O N  of  the  b iochemica l  d e t e r m i n a n t s  of  
a lcohol -dr ink ing  behav io r  is a ma jo r  objec t ive  of  research 
on  a lcohol i sm.  Direct  inves t iga t ions  in  h u m a n s  are di f f icul t  
because  of  the  com pl ex  i n t e r a c t i o n  b e t w e e n  biological  and  
e n v i r o n m e n t a l  factors.  An u n d e r s t a n d i n g  o f  these  processes  
may  be gained t h r o u g h  s tudies  wi th  an imal  models ,  which  
have been  u n d e r t a k e n  largely wi th  rodents .  However ,  
roden t s  typica l ly  show an  avers ion to  a lcohol  in concen t r a -  
t ions  greater  t h a n  5 - 7 %  [ 2 1 ] ,  and the  c o n s u m p t i o n  o f  
large quan t i t i e s  of  a lcohol  mus t  be i nduced  expe r imen ta l l y  
by t e c h n i q u e s  such as stress avoidance ,  nu t r i t i ona l  depriva- 
t ion,  psychogen ic  polydips ia  or  wi th  the  use of  sweetners  
[9, 17, 3 3 ] .  Induced  dr inking  behav io r  is no t  ideal  since 
a lcohol  c o n s u m p t i o n  is vol i t ional  in man  and,  f u r t h e r m o r e ,  
mos t  of  these  p rocedures  are s tressful  to  some degree. 
Therefore ,  s tudies  wi th  an imals  which  exh ib i t  i nna te  
p re fe rence  for  a lcohol  o f fe r  a more  p romis ing  a p p r o a c h  
toward  u n d e r s t a n d i n g  the  b iochemica l  corre la tes  o f  a lcohol  
d r ink ing  behavior .  In fact ,  vo lun t a ry  dr ink ing  has been  
cons idered  by some inves t igators  to  be a necessary  c r i t e r ion  
for  an ima l  models  o f  a lcohol i sm [ 17] .  

Work to date  on  na tu ra l  a lcohol  p re fe rence  and  avers ion 
has been  done  pr inc ipa l ly  wi th  the  C57BL and DBA strains  
of  mice [11,  13, 23, 28, 29] and,  in F in land ,  wi th  the  
ALKO,  Alcohol  (AA)  and  ALKO,  Non-Alcoho l  (ANA)  
s t ra ins  of  rats  [1, 2, 7, 8 [ .  Recent ly ,  two  new s t ra ins  o f  rats  

have been  selectively bred  in our  l abo ra to ry ,  one  wi th  a 
na tu ra l  p re fe rence  for  a lcohol  and the  o t h e r  wi th  an 
avers ion to dr ink ing  a lcohol  [ 1 8 , 2 0 ] .  It is i m p o r t a n t  to  
compare  the  behaviora l  and b iochemica l  charac te r i s t ics  of  
these  new strains  wi th  those  of  an imals  derived f rom 
d i f fe ren t  s tocks  and  by  d i f fe ren t  se lec t ion cri teria in o rder  
to  discern mechan i s t i c  fac tors  f rom co inc iden ta l  correlates.  
This is par t icu lar ly  p e r t i n e n t  since s tudies  of  the  neuro-  
chemical  effects  of  a lcohol  in roden t s  no t  behaviora l ly  
selected for  a lcohol  p re fe rence  or  n o n p r e f e r e n c e  have 
yielded incons i s t en t  results  ( for  reviews see [6, 10, 14, 
161). 

The object ives  o f  this  ini t ial  s t udy  were to  de t e rmine :  
(a) i f  there  are d i f ferences  in the  s teady-s ta te  levels of  
cer ta in  n e u r o t r a n s m i t t e r s  in the  CNS b e t w e e n  the  a lcohol-  
prefer r ing  and  the  nonp re f e r r i ng  rats;  (b) if c o n s u m p t i o n  of  
a lcohol  has any  ef fec t  on  the  s teady-s ta te  levels of  these 
n e u r o t r a n s m i t t e r s  in the  CNS of  the  two  groups  o f  an imals ;  
and  (c) if  the  animals  prefer r ing  a l coho l  would  work  in an 
ope ran t  s i tua t ion  to o b t a i n  a lcohol .  

EXPERIMENTAL PROCEDURES 

At 4 to  6 weeks of  age, male rats  o f  the  prefer r ing  (P) 
and  n o n p r e f e r r i n g  (NP) s t rains  selectively inbred  to the  F8 
genera t ion  [18 ,20]  were housed  in separate  cages and 
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T A B L E  1 

LEVELS OF 5-HT, 5-HIAA, TYROSINE, NE, ACETYLCHOLINE, GLUTAMATE, ASPARTATE, GABA, GLYCINE, 
ALANINE AND TAURINE IN THE DIENCEPHALON-MESENCEPHALON OF NONPREFERRERS AND PREFERRERS 

DRINKING WATER OR 10% ETHANOL 

Nonpreferrers 
Compound 

Water 10% Ethanol Water 

Preferrers 

10% Ethanol 

nmoles/g tissue wet wt. 
5-HT 3.90 ___ 0.20 (11) 4.11 -+ 0.14 (9) 4.06 _+ 0.43 (5) 4.89 _+ 0.29 (7)t$ 
5-HIAA 2.52 - 0.25 (12) 2.56 +- 0.23 (10) 3.06 _+ 0.48 (5) 2.91 _+ 0.11 (12) 
Tyrosine 51.5 _+ 1.7 (14) 62.6 _+ 3.3 (13)* 53.2 -+ 1.5 (5) 64.7 _+ 3.2 (10)*t 
NE 3.20 --- 0.38 (7) 2.94 ___ 0.27 (6) 3.10 - 0.23 (6) 3.13 - 0.15 (8) 
Acetylcholine 31.4 _ 0.6 (10) 32.8 +_ 0.8 (8) 31.6 +_ 0.6 (6) 33.1 _+ 0.6 (10)t 

#moles/g tissue wet wt. 
Glutamate l l .0  -+ 0.7 ( l l )  11.9 _+ 0.4 (8) 13.0 _+ 0.8 (5) 13.0 +_ 0.6 ( l l ) t  
Aspartate 2.56 --- 0.16 (10) 2.69 --- 0.14 (8) 1.98 - 0.28 (5)t~ 2.30 --- 0.10 (11)¢ 
GABA 2.63 -+ 0.15 (11) 2.86 -+ 0.15 (8) 3.42 _+ 0.26 (5)t$ 3.43 _+ 0.17 ( l l ) t~  
Glycine 1.32 -+ 0.13 (11) 1.35 -+ 0.09 (8) 2.47 +_ 0.29 (5)t¢ 1.89 -+ 0.24(6)% 
Alanine 0.204 _+ 0.016(11) 0.235 -+ 0.020(7) 0.250 _+ 0.029(4) 0.345 -4- 0.033(11)% 
Taurine 3.63 --- 0.30 (6) 3.71 -+ 0.30 (5) § § 

Data represent the means _+ SEM of number of determinations given in parentheses. Statistically significant 
differences (p<0.05) are indicated as follows: (a) *NP-A vs NP-W and P-A vs P-W; (b) tP-W vs NP-W and P-A vs 
NP-W; and (c) ~P-W vs NP-A and P-A vs NP-A. NP are nonpreferrers, P are preferrers, W refers to drinking water 
for one week, and A refers to drinking 10% ethanol.The Student t test was used to determine significant differences. 

§Due to unforseen problems we were not able to obtain data for taurine in the P group. 

t e s ted  for  a lcohol  preference .  F o o d  was available ad lib and  
a 12 h r  d a y - n i g h t  cycle was m a i n t a i n e d  t h r o u g h o u t  the  
expe r imen t s .  The an imals  were ini t ia l ly  given a so lu t ion  o f  
10% e thano l  (v/v)  as the  sole d r ink ing  fluid for  4 days. 
Af te r  this  per iod ,  t hey  were given a choice  b e t w e e n  10% 
e t h a n o l  ( A )  and  dist i l led wate r  (W) in a 2 -bot t le  p re fe rence  
test .  The  pos i t ions  of  the  t w o  Rich te r  t ubes  were r a n d o m l y  
ro t a t ed .  E t h a n o l  and  wate r  in t ake  was m o n i t o r e d  for  2 to  3 
weeks.  The  cr i ter ia  of  se lec t ion  for  the  P s t ra in  were >5  g 
e t h a n o l / k g  b o d y  we igh t /day  and  an  A/W dr ink ing  ra t io  of  
> 2 : 1  (v/v).  Fo r  the  NP strain,  the  cr i ter ia  were <1 .5  g 
e t h a n o l / k g / d a y  and  an A/W dr ink ing  ra t io  of  < 0 . 2 : 1  (v/v).  
The  NP an imals  were used as the  con t r o l  group since the  
a lcoho l -d r ink ing  behav io r  of  these  an imals  is s imilar  to  t h a t  
n o r m a l l y  f o u n d  for  r oden t s  [ 2 1 ] .  

Rats  mee t ing  the  above  cri teria were r a n d o m l y  subdi-  
v ided i n to  two  groups:  one  to receive 10% e t hano l  and  the  
o t h e r  wate r  for  one  week,  p roduc ing  fou r  g roups  NP-W, 
NP-A, P-W and  P-A. 

Neurochemical  

Afte r  receiving 10% e t h a n o l  or  wate r  for  1 week,  the  rats 
were kil led wi th in  the  same t ime  per iod  each  day (1 1:00 
a.m. to  1 :00  p .m. )  by  the  near- f reez ing m e t h o d  [ 3 2 ] .  The  
rats  had  been  previously  h a n d l e d  and  adap t ed  to the  kill ing 
appara tus .  A l t h o u g h  the  ra ts  had  usual ly  s t opped  feeding 
before  the  d a y - n i g h t  cycle had  changed  to  l ight,  food  was 
r emoved  f rom the i r  cage a p p r o x i m a t e l y  5 h r  be fore  kill ing 
in o rde r  to  min imize  the  effects  of  food  c o n s u m p t i o n  on  
amino  acid levels at the  t ime  of  killing. The  bra ins  were 
dissected at  - 4 ° C  and the  t e l encepha lon ,  d i e n c e p h a l o n  plus 
mesencepha lon ,  and  ce rebe l lum were s to red  at  - 7 0 ° C  unt i l  
assayed.  

The  levels of  s e r o t o n i n  (5-HT),  5 -hyd roxy indo leace t i c  
acid (5 -HIAA) ,  ty ros ine ,  n o r e p i n e p h r i n e  (NE),  acetyl-  

chol ine  (ACh) ,  G A B A ,  g lu tamate ,  aspar ta te ,  glycine and 
a lanine  were assayed by  the  p rocedures  descr ibed by  Smi th  
et al. [ 3 0 ] .  Taur ine  was d e t e r m i n e d  by  the  p rocedure  of  
Orr  et aL [ 2 2 ] .  

Behavioral 

Six p re te s t ed  a lcohol -prefer r ing  male  rats  were t r a ined  
(ini t ial ly using swee tened  mi lk  as the  reward)  to  bar  press 
on  a c o n t i n u o u s  r e i n f o r c e m e n t  ( C R F )  schedule .  Food  was 
available ad lib. Using a c o u n t e r b a l a n c e d  design, the  animals  
were subsequen t l y  a l lowed  to bar  press for  10% e thano l  or  
water.  The  fluid no t  in the  d ipper  was available f rom a 
bot t le .  Af te r  2 to  4 days, the  pos i t ions  of  the  two  fluids 
were reversed;  this  r o t a t i o n  was repea ted  at  least  twice 
more.  The  n u m b e r  of  ope ran t  responses  made  and  the  
vo lumes  of  10% e thano l  and  wate r  c o n s u m e d  were recorded  
daily. Cor rec t ions  were made  for  vo lume loss due to 
evapora t ion  in the  d ipper  reservoir.  This a m o u n t e d  to 12 
m l / d a y  for  wate r  and  14 m l / d a y  for  10% e thanol .  

The  r e s p o n s e / r e i n f o r c e m e n t  ra t io  was  raised on  four  
male  a lcohol -prefer r ing  rats which  had  been  previously  
t ra ined  to  bar  press for  10% e t h a n o l  on  CRF.  Using a 
f ixed-ra t io  (FR)  schedule ,  the  ra t io  was increased 1 or  2 
every 1 to 4 days un t i l  wa te r  c o n s u m p t i o n  s ignif icant ly  
increased.  N u m b e r  of  responses,  r e in fo rcemen t s  and  vol- 
umes  of  wate r  and  10% e thano l  c o n s u m e d  were m o n i t o r e d  
and  recorded  daily. 

RESULTS 

The  levels of  1 1 d i f fe rent  c o m p o u n d s  were measured  in 
the  d i e n c e p h a l o n - m e s e n c e p h a l o n  (Table  1), t e l encepha lon  
(Table  2) and  cerebe l lum (Table  3) of  the  nonpre fe r r e r s  on  
wate r  (NP-W) or  10% e thano l  (NP-A)  and o f  the  preferrers  
on  wate r  (P-W) or 10% e thano l  (P-A). During this  1 week of  
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T A B L E  2 

LEVELS OF 5-HT, 5-HIAA, TYROSINE, NE, ACETYLCHOLINE, GLUTAMATE, ASPARTATE, GABA, GLYCINE, 
ALANINE AND TAURINE IN THE TELENCEPHALON OF NONPREFERRERS AND PREFERRERS DRINKING WATER 

OR 10% ETHANOL 

477 

Nonpreferrers 
Compound 

Water 10% Ethanol Water 

Preferrers 

10% Ethanol 

5-HT 3.00 _+ 0.06 (16) 
5-HIAA 1.51 _+ 0.08 (16) 
Tyrosine 58.7 _+ 2.2 (13) 
NE 1.46 _+ 0.07 (15) 
Acetylcholine 21.3 _+ 1.1 (7) 

Glutamate 13.8 _+ 0.5 (6) 
Aspartate 2.85 _+ 0.08 (14) 
GABA 1.58 _+ 0.05 (15) 
Glycine 0.807 _+ 0.037(15) 
Alanine 0.498 _+ 0.022(15) 
Taurine 7.59 _+ 0.16 (13) 

nmoles/g tissue wet wt. 
3.27 _+ 0.12 (11)* 2.88 _+ 0.18 (7) 2.70 _+ 0.06 (10)$ 
1.67 _+ 0.07 (11) 1.45 _+ 0.10 (7) 1.53 _+ 0.07 (12) 

63.3 _+ 2.5 (12) 54.7 _+ 1.4 (5) 56.6 _+ 2.3 (11) 
1.57 _+ 0.09 (12) 1.78 _+ 0.24 (5)t 1.84 _+ 0.08 (ll)t~c 

22.6 _+ 1.2 (5) 24.2 _+ 1.1 (7) 22.2 _+ 0.7 (5) 

/xmoles/g tissue wet wt. 
14.7 _+ 0.6 (6) 14.0 _+ 0.6 (7) 14.8 _+ 0.4 (7) 
2.97 -+ 0.05 (12) 2.78 _+ 0.04 (6)$ 2.90 _+ 0.04 (11) 
1.67 _+ 0.05 (13) 1.43 _+ 0.08 (7)$ 1.66 _+ 0.04 (12)* 
0.827 +_ 0.036(13) 0.772 _+_ 0.044(7) 0.853 _+ 0.038(11) 
0.546 +_ 0.020(13) 0.493 _+ 0.034(7) 0.539 _+ 0.019(11) 
7.61 -+ 0.32 (11) 7.35 _+ 0.46 (5) 7.35 _+ 0.28 (12) 

Data represent the means _+ SEM of number of determinations given in parentheses. Consult footnote of Table 1 
for additional information. 

T A B L E  3 

LEVELS OF GLUTAMATE, ASPARTATE, GABA,ALANINE AND TAURINE IN THE CEREBELLUM OF NONPREFER- 
RERS AND PREFERRERS DRINKING WATER OR 10% ETHANOL 

Nonpreferrers Preferrers 
Compound 

Water I(F/~ Ethanol Water 10% Ethanol 

/tmoles/g tissue wet wt. 
Glutamate 12.5 _+ 0.6 (5) 13.8 _* 0.8 (5) 13.0 _+ 0.6 (5) 13.6 _+ 0.2 (6)t 
Aspartate 2.52 _+ 0.10 (7) 2.63 _+ 0.05 (7) 2.74 -+ 0.20 (6) 2.69 + 0.06 (6) 
GABA 1.0! _+ 0.03 (7) 1.00 _+ 0.05 (7) 0.911 -+ 0.070(6) 1.01 -+ 0.05 (7) 
Alanine 0.347 _+ 0.017(7) 0.364 _+ 0.013(7) 0.369 _+ 0.017(6) 0.373 _+ 0.020(7) 
Taurine 6.86 -+ 0.29 (7) 6.47 _+ 0.19 (7) 6.48 _+ 0.28 (5) 6.21 _+ 0.20 (7) 

Data represent the means -+ SEM for number of determinations given in parentheses. Consult footnote for Table 
1 for additional information. Because of technical difficulties we were unable to measure glycine. Assays for 5-HT, 
5-HIAA, tyrosine, NE and acetylcholine were not carried out with the cerebellum because of certain limitations 
existing in the laboratory at the time of initial tissue preparation. 

a no choice s i tuat ion,  the mean  daily fluid intakes were 27, 
22, 26, and 28 ml for the NP-W, NP-A, P-W and P-A groups,  
respectively.  The rats in the NP-A group consumed  an 
average of  6.6 g e thano l /kg /d  while those in the P-A group 
had a value of  7.4 g e thano l /kg /d .  

In the d iencepha lon-mesencepha lon  o f  bo th  the P and 
NP groups,  the levels of  tyrosine were approx ima te ly  20% 
greater  when 10% e thanol  was consumed  than when H 2 0  
was consum ed  (Table 1). In the t e lencepha lon ,  the level o f  
5-HT was 10% higher in the NP-A group than  in the NP-W 
animals and the con ten t  o f  GABA was 15% greater  in the  
P-A group than in the P-W group (Table 2). Of  the 
c o m p o u n d s  measured in the cerebel lum,  none  appeared  to 
be al tered by alcohol  c o n s u m p t i o n  (Table 3). 

In the d iencepha lon-mesencepha lon ,  the c o n t e n t  o f  
glycine and GABA was significantly higher and that  o f  
aspartate  was lower  in the P-W animals than  in e i ther  the 
NP-W or NP-A group (Table 1). The levels o f  5-HT, GABA, 

glycine and alanine were greater  in the d iencephalon-  
mesencepha lon  of  the P-A group than in e i ther  the  NP-W or 
NP-A group (Table 1). In the t e lencepha lon ,  the con t en t  o f  
NE was higher in the P-W and P-A group with respect  to the 
NP-W animals;  the level of  NE in the P-A group was also 
greater  than the value found  for  the NP-A animals. 

If the data for  the animals drinking water  are combined  
with the data for animals drinking 10% e thanol  (providing 
there was no statistically significant d i f ference  be tween  the 
W and A groups)  then  it would appear  tha t  in the 
d iencepha lon-mesencepha lon  of  the preferrers ,  the levels o f  
5-HT, GABA, glu tamate  and glycine were higher and the 
con ten t  o f  aspartate  lower  than that  found  for the  
nonprefe r re rs  (Fig. 1). In the te lencephalon ,  only the 
con ten t  o f  NE was d i f fe rent  b e t w e e n  the P and NP groups. 
In the cerebel lum,  no d i f ferences  were observed.  

Upon  operant  testing,  the preferrers  bar pressed at a 
significantly greater  rate (mean value approx imate ly  4 t imes 
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FIG. 1. Summary of significant differences (/7<0.05) found in levels 
of several compounds in the diencephalon-mesencephalon (D-M) 
and telencephalon (TEL) of the preferrers (P) with resDect to values 
found for the nonpreferrers (NP). Values were computed from data 

given in Tables 1-3. 

higher) to obtain 10% ethanol than they did to obtain 
water (Figs. 2 and 3). The total daily fluid intake remained 
fairly constant regardless of which fluid was in the dipper 
(Fig. 3), although about half the animals would occasion- 
ally drink large amounts of alcohol on a given day (e.g., rat 
P-359 in Fig. 2). Alcohol and water consumption before 
and after this day was not abnormal. This occasional high 
increase in alcohol intake has also been observed for some 
animals in their home cages when drinking from Richter 
tubes in a free choice situation. The mean volume ratio of 
10% ethanol: water consumed by the 6 animals during the 
days when ethanol was in the dipper was 15.2:1 and when 
water was in the dipper the value was 6.2:1. The mean 
value for all days during operant testing was 10.7:1 and was 
greater than that obtained during routine testing for 
preference with Richter tubes (4.7 : 1). The mean amount of  
ethanol consumed under these conditions was 7.5 g 
ethanol/kg/d for all days. The solution first offered from 
the dipper did not appear to alter the behavioral response 
(Fig. 2). 

It was possible to increase the number of  required 
responses to 6 or 7 before a reinforcement of 10% ethanol 
was given (Fig. 4). Even when the animals had to respond 
on a fixed-ratio schedule (FR 6 or 7) to obtain 10% 
ethanol, the ethanol: water ratios remained high (6.5:1). 
The mean amount of ethanol consumed under these 
conditions was 7.1 g ethanol/kg/d. 

D I S C U S S I O N  

These preliminary attempts to characterize neurochem- 
ically and behaviorally the alcohol-preferring strain of rats 
have yielded interesting findings. Higher levels of 5-HT, 
GABA, glutamate and glycine and lower levels of  aspartate 
were found in the diencephalon-mesencephalon of  the P 
group as compared with the NP group (Fig, 1). The latter 
three amino acids, as well as 5-HT and GABA, are 
considered to be neurotransmitters in certain regions of the 
CNS (for a review of amino acid neurotransmitters see [5 ] ). 
In addition, significantly higher levels of  NE were found in 
the telencephalon of the P group (Fig. 1). The differences 
in the levels of GABA, glutamate, aspartate, glycine and NE 

between the P and NP groups may be due to general 
metabolic effects, differences in functional activity of 
specific neuronal pathways, and/or differences in the 
relative proportion of different populations of neurons. The 
fact that these changes were not observed in all regions of 
the CNS could be taken as evidence against a general 
metabolic effect. However, it is not possible, at this time, to 
state with certainty whether the differences in the levels of 
GABA, glutamate, aspartate, glycine and NE are innate or 
are due to the prior exposure to ethanol during the 2 - 3  
weeks of free choice testing for preference, during which 
time the P animals were consuming larger quantities of 
ethanol than the NP animals. 

Comparison of the data for 5-HT, GABA, glutamate, 
aspartate and glycine in the diencephalon-mesencephalon 
(Table 1) and for NE in the telencephalon (Table 2) of the 
P and NP groups with data previously published by our 
laboratory [30] for common stock male Wistar rats shows 
the following differences: (a) the  value for 5-HT is 30% 
higher in the P strain; (b) the content of  GABA is 15% 
lower in the NP group; (c ) the  level of aspartate is 20% 
lower in the P strain; (d) the level of glycine is 15% lower in 
the NP animals and 30% higher in the P group; and (e) the 
level of NE is 30% lower in the NP strain. In the case of 
glutamate, the mean value found for the common stock fell 
between the values obtained for the P and NP strains and it 
was not markedly different from either. Therefore, on this 
basis, it would appear that the best neurochemical corre- 
lates of  alcohol-drinking behavior in the P strain may be the 
high levels of 5-HT and glycine and low levels of aspartate 
in the diencephalon-mesencephalon. However, because of 
the limitations of the experiments and the complex nature 
of behavior, it is not possible, at this early stage, to make 
definitive statements regarding neurochemical correlates of 
alcohol-drinking behavior in rodents. 

Our data demonstrating a higher level of 5-HT in the 
diencephalon-mesencephalon of the P group is in agreement 
with the data reported by Ahtee and Eriksson [2] for their 
alcohol-preferring and nonpreferring strain of rats. Our data 
indicating that the levels of 5-HIAA were the same in the 
CNS of both strains is also in agreement with the data of  
Ahtee and Eriksson [2]. The finding that the steady state 
level of 5-HT was greater in the preferring strain than in the 
nonpreferring strain in the two separate studies lends 
support to the idea that certain serotonergic pathways may 
be involved in this behavior in rats [ 1 ]. On the other hand, 
Pickett and Collins [23] and Ho e t  al. [13] found no 
difference in the brain 5-HT levels of the C57BL (prefer- 
rers) and DBA (nonpreferrers) strains of mice. However, 
these investigators measured whole brain samples, a proce- 
dure which may have obscured any differences that may 
exist in specific regions of the CNS. 

The levels of GABA, glutamate, glycine and aspartate in 
the diencephalon-mesencephalon and NE in the telencepha- 
lon have not been reported for the Finnish strains of rats. 
However, Ahtee and Eriksson [3] did measure the levels of 
NE in whole brain samples of their alcohol preferring and 
nonpreferring strains of rats and found no difference 
between the two groups. Kiianmaa e t  al. [15] found that 
destruction of the coerulo-cortical NE pathway by direct 
injections of 6-hydroxydopamine increased ethanol drink- 
ing in the alcohol preferring strain of rats, suggesting a 
possible involvement of NE neurons in alcohol drinking 
behavior of rodents. On the other hand, Ho e t  al. [13] 
found no difference in the whole brain content of NE, and 
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FIG.  3. Mean response  ra tes  and  mean  vo lumes  o f  10% e t h a n o l  and  
wa te r  c o n s u m e d  pe r  24 hr pe r iod  over  a 1 0 - 1 2  day  span by  
pre fe r re rs  on  a C R F  schedu le  in wh ich  the  an imals  had  to  ba r  press 

for  e t h a n o l  or H 2 0  (see Fig. 2). 

Chan [4] r epo r t ed  no  d i f fe rence  in the  levels o f  G A B A  in 
the  ce reb rum,  cerebe l lum,  t h a l a m u s - h y p o t h a l a m u s  and  
medul la  b e t w e e n  the  C57BL and  DBA st ra ins  of  mice. 

Ho e t  al. [13]  have suggested a d i rec t  i nvo l vemen t  of  
cen t ra l  chol inergic  m e c h a n i s m s  in a lcohol  preference .  They  
f o u n d  h igher  levels of  ACh in who le  b ra in  o f  the  C57BL 
prefer r ing  s t ra ins  of  mice in c o m p a r i s o n  to  the  DBA 
nonpre fe r r i ng  strain.  In the  p resen t  s tudy ,  n o  d i f fe rence  in 
the  c o n t e n t  of  ACh was f o u n d  in 2 bra in  regions b e t w e e n  
the  P and  NP animals.  This  a p p a r e n t  d i sagreement  migh t  be 
a resul t  o f  a c o m b i n a t i o n  of  factors ,  such as species 
d i f ferences  and  me thodo log i ca l  approaches .  For  example ,  
the  a p p a r e n t  lower  c o n t e n t  of  ACh found  in the  DBA s t ra in  
may  be due to  its h igher  ace ty lcho l ines te rase  act iv i ty  in the  
CNS [ t 3 ] .  In the  e x p e r i m e n t s  of  Ho et  al. [ 1 3 ] ,  the  
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FIG. 4. Comparison of mean response rates and volumes of H20 
and 10% ethanol consumed during a 24 hr period by preferrers bar 
pressing for 10% ethanol on continuous reinforcement (CRF) and 

fixed-ratio (FR) schedules of reinforcement. 

an imals  were killed at r oom t e m p e r a t u r e ,  ins tead  o f  by  
f reezing in l iquid N2 or by  microwave  f ixa t ion  which  
min imizes  the  p o s t m o r t e m  b r e a k d o w n  of  ACh by acetyl-  
chol ines te rase  [ 2 7 , 3 2 ] .  

Unde r  the  e x p e r i m e n t a l  cond i t i ons  of  a no  choice 
s i tua t ion  for  one  week  on  e i the r  H 2 0  or 10% e thano l :  
(a) the  levels of  ty ros ine  in the  d i encepha lon -mesencepha -  
lon were h igher  in the  NP-A and P-A groups  t h a n  in the 
NP-W and  P-W groups  (Table  1); (b)  the  levels of  5-HT in 
the  t e l e n c e p h a l o n  were h igher  in the  NP-A group  t han  in 
the  NP-W animals  (Table  2);  and  (c) the  levels o f  G A B A  in 
the  t e l e n c e p h a l o n  were h igher  in the  P-A group than  in the  
P-W group (Table  2). In this  regard,  Ah tee  and  Eriksson 
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[ 1,2] did no t  f ind  a change  in 5-HT levels in whole  b ra in  in 
the i r  n o n p r e f e r r i n g  s t ra in  fo l lowing one  m o n t h  of  forced  
e t h a n o l  admin i s t r a t i on .  P o h o r e c k y  et al. [ 2 5 ] ,  however ,  did 
f ind  a 20% increase in 5-HT levels in several bra in  par ts  of  
rats  t h a t  were no t  se lected for  e t h a n o l  p re fe rence  b u t  were 
given e t h a n o l  in the i r  diet  over  a 16-day per iod.  

The  d i f fe rence  in the  c o n t e n t  o f  G A B A  b e t w e e n  the  P-A 
and  P-W groups  (Table  2) m ay  be a resul t  o f  r emova l  of  
a lcohol  f rom the  P-W group  or, a l te rna t ive ly ,  t ha t  the  
c o n t e n t  o f  G A B A  is e f fec ted  more  by  a lcohol  c o n s u m p t i o n  
in the  P group  t h a n  in the  NP group.  These  data  are 
cons i s t en t  wi th  the  f indings of  Chan  [ 4 ] ,  w ho  r epo r t ed  t ha t  
IP in jec t ions  of  e t h a n o l  sl ightly raised G A B A  levels in the  
CNS of  the  C57BL as well as in the  DBA st ra ins  of  mice.  In 
add i t ion ,  Rawa t  [ 26] r epo r t ed  t ha t  b o t h  acute  and  ch ron ic  
a d m i n i s t r a t i o n  of  e t hano l  in the  diet  increased G A B A  levels 
in the  whole  bra in  of  mice and  t h a t  G A B A  levels r e tu rned  
to n o r m a l  wi th in  2 days a f te r  wi thdrawal .  On the  o t h e r  
hand ,  L i t t l e t on  [19]  f o u n d  a decrease in G A B A  levels in 
whole  bra in  o f  mice fo rced  to  inha le  e t h a n o l  vapors.  

A lcoho l  seemed to increase the  levels o f  ty ros ine  in the  
d i e n c e p h a l o n - m e s e n c e p h a l o n  of  b o t h  the  P and NP strains  
(Table  1); th is  ef fec t  was no t  f o u n d  in the  t e l e n c e p h a l o n  
(Table  2). P o h o r e c k y  [24]  did no t  f ind any  change  in the  
levels of  ty ros ine  in the  CNS of  rats  which  had  a lcohol  in 
the i r  diet  for  2 weeks. However ,  L i t t l e ton  [19]  f o u n d  an  
increase  in ty ros ine  levels in mouse  bra in  fo l lowing chron ic  
a d m i n i s t r a t i o n  of  a lcohol .  Tyros ine  is the  b lood  p recursor  
of  d o p a m i n e  and  NE, as well as be ing  used for  p ro t e in  
synthes is .  Its h igher  levels in the  NP-A and  P-A groups  may  
ref lect  g rea te r  u p t a k e  or decreased u t i l i za t ion  for  ca techola-  
mine  a n d / o r  p ro t e in  synthes is .  Add i t iona l  expe r imen t s  are 
requi red  to resolve this  ques t ion .  

The l i t e ra ture  conce rn ing  the  n e u r o c h e m i c a l  ef fec t  of 
a lcohol  in take  is i ncons i s t en t  for  every c o m p o u n d  s tudied  

(for  reviews see [6, 10, 14, 16] ). These a p p a r e n t  cont radic-  
tory  results  are mos t  l ikely a resul t  of  a c o m b i n a t i o n  of  
factors  such as, the  rou te ,  dosage and du ra t ion  of e t hano l  
admin i s t r a t i on ,  the  b ra in  regions s tudied ,  the  effects  o f  
stress, species di f ferences ,  etc.  There fore ,  compar i son  of  the  
resul ts  of  o t h e r  inves t igators  wi th  those  ob t a ined  in the  
p resen t  s tudy ,  which  were done  u n d e r  e x p e r i m e n t a l  condi-  
t ions  d i f fe ren t  f rom those  of  o thers  and wi th  a un ique  
s t ra in  of  rats,  may  no t  necessari ly be valid. However ,  the  
f inding of  a possible  i nvo lvemen t  of  5-HT pa thways  
i n d e p e n d e n t l y  r epo r t ed  by  two  separate  l abora tor ies  work-  
ing wi th  d i f fe ren t  s t ra ins  of  a lcohol -prefer r ing  rats  gives 
great  e n c o u r a g e m e n t  to  fu tu re  s tudies  conce rned  wi th  
d e t e r m i n i n g  n e u r o c h e m i c a l  corre la tes  of  a lcohol -dr ink ing  
behavior .  

The  resul ts  of  the  present  s tudy  also ind ica te  tha t  the  
a lcohol -prefer r ing  rats  will work in an ope ran t  s i tua t ion  to 
ob ta in  10% e thano l  w h e n  wa te r  is freely available f rom a 
bo t t l e  (Figs. 2 - 4 ) .  It had  been  previously  r epor ted  tha t  
male Sprague-Dawley rats, which  were no t  genet ical ly  
selected for  a lcohol  preference ,  could  be t ra ined  to bar  
press for  8% e thano l  if m o t i v a t e d  by food  depr iva t ion  [12]  
and  could be t ra ined  to bar  press for  in t ragas t r ic  or  
i n t r avenous  e thano l  [ 3 1 ] .  The  fact  t ha t  the  preferrers  will, 
in a free choice  s i tua t ion ,  vo lun ta r i ly  bar  press up to 6 or 7 
t imes  for  one  e t h a n o l  r e i n f o r c e m e n t  is t aken  as evidence  for  
a s t rong  c o n s u m a t o r y  drive for  e thanol .  F u r t h e r m o r e ,  it 
suggests t ha t  pe rhaps  o l fac to ry  cues may  n o t  be playing a 
large de t e rmin ing  role in a lcohol  d r ink ing  behav io r  of  the  
preferrers ,  since such cues are no t  p resen t  at the  lever. 
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