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HILLBOM, M. E. AND K. VON BOGUSLAWSKY. Effect o f  ethanol on cardiac function in rats genetically selected for 
their ethanol preference. PHARMAC. BIOCHEM. BEHAV. 8(5) 609-614, 1978. - The heart rate of male ANA (Alko, 
Non-alcohol) and AA (Alko, Alcohol) rats was significantly increased after peroral administration of 2.7 g ethanol/kg, but 
the tachycardia was of shorter duration in ANA rats, which avoid the drinking of ethanol solution. The PR intervals in the 
electrocardiograms of ANA rats became significantly longer than those of AA rats when 13.5 g ethanol/kg was given. The 
QT intervals were likewise longer in the electrocardiograms of ANA rats, but before as well as after the administration of 
ethanol. The results suggest that intracardiac conduction is more depressed by acute ethanol in the ANA than the AA 
strain of rats. 

Ethanol Rat strain differences Cardiac function 

SELF-SELECTION experiments have suggested that the 
degree of voluntary consumption of ethanol by experi- 
mental animals is genetically determined and that differ- 
ences exist not only among various species [3] but among 
various strains of the same species [5, 22, 23].  Recent 
investigations in several centers of  biological alcohol 
research have proved that both metabolic and pharmaco- 
logical actions of  ethanol may vary in different mouse and 
rat strains [8, 9, 10, 11, 16, 17, 19, 25, 26, 27, 28, 29, 30].  

Since 1963 two rat strains, one which avoids ethanol and 
the other which prefers it to water, have been developed 
and raised in our laboratory [7]. The strains are designated 
AA (Alko, Alcohol) and ANA (Alko, Non-Alcohol). 
Glucose tolerance and ethanol elimination tests reveal no 
differences between these strains [10] but the blood level 
of acetaldehyde during ethanol oxidation seems to be 
significantly higher in ANA rats [9].  Behavioral differences 
exist too [8],  and, for example, the ethanol-induced 
sleeping time is longer in ANA than in AA rats [27]. 

In general, rat and mouse strains that avoid drinking of  
ethanol appear to be more sensitive to the depressant effect 
of ethanol on the central nervous system [8, 17, 19, 25, 26, 
27, 28, 29] and to have slightly higher blood levels of 
acetaldehyde [9,30]. Thus far, strain differences in cardiac 
sensitivity to ethanol or acetaldehyde have not been 
reported, although ethanol seems to have a direct depres- 
sant effect on intracardiac conduction [12]. Accordingly it 
can be hypothesized that strain differences also exist in this 
parameter. The present study was designed to examine this 
possibility and the cardiac function of AA and ANA rats 
was carefully followed after peroral administration of small 
and large doses of ethanol. 

MATERIALS AND METHOD 

Animals 

Two strains of  rats genetically selected for their volun- 
tary ethanol consumption [5,7] and designated AA (Alko, 
Alcohol: a strain that prefers ethanol solution to water) and 
ANA (Alko, Non-Alcohol: a strain that avoids ethanol 
solution) were tested for their cardiac sensitivity to ethanol. 
All the animals were males belonging to the two generations 
F22 and Fa 5 and were given ordinary laboratory food ad 
lib. Before testing, seven ANA and eight AA rats of  the F 22 
generation were kept for two months on a free choice 
between tap water and 10% (v/v) ethanol [6].  The animals 
were 2 months old at the beginning of t~he free choice 
period and 5 months old when tested for cardiac function. 
During the free choice period the mean consumption of 
ethanol _+ SD of the ANA rats was 0.19 +- 0.08 g/kg/day and 
that of the AA rats 5.22 -+ 1.19 g/kg/day. To see if previous 
consumption of  ethanol influenced the results, a group of  
eight ANA and eight AA rats belonging to the F25 
generation and never kept on a free choice between tap 
water and ethanol was subsequently tested. These tests 
were made when the rats were 6 - 7  months old. All the rats 
were fasted for 6 hr and those (F 22 ) kept on a free choice 
between ethanol and water were withdrawn from ethanol 
one month before the tests. 

Procedure 

Electrocardiograms were registered with a polygraph 
(Devices M 19). Each rat in turn was placed in a cage, 60 x 
80 x 180 mm, the inner dimensions of  which could be 
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T A B L E  1 

DIFFERENCES BETWEEN AA AND ANA RATS IN HEART RATE AND THE DURATIONS OF P W A V E ,  PR INTERVAL,  
QRS COMPLEX AND QT INTERVAL AS MEASURED FROM ELECTROCARDIOGRAMS AFTER PERORAL ADMINIS- 

TRATION OF 2.7 g/kg OF ETHANOL AS A 3.3 M SOLUTION 

Duration of  

Time Heart Rate P Wave PR Interval QRS Complex QT Interval 

(min) Strain (beats/min) (ms±c) 

10 

AA 388-+ 33 23 ± 2 53  ± 5 15 + 1 77  ± 5 

ANA 360 -+ 29 24 ± 3 56 -+ 4 16 -+ 2 95 + I1"~ 

AA 459 _+ 21 21 -+4 52 + 5 15 + I 70 -+ 5 

ANA 442 ± 4 4  24 ± 5 53 ± 4  15 +- 2 79 ± 13 

20 AA 453 • 29 23 ± 3 52 + 4  15 -+ 1 71 -+ 6 

ANA 428 ± 50 21 ± 2 54 ± 5 15 +- 2 83 ± 14" 

30 AA 455 ± 18 21 -+ 2 51 ± 4  14 ± 2 71 ± 3 

ANA 425 + 46 24 -+ 4 55 ± 4 15 +_ 2 83 ± 14" 

40 

50 

60 

AA 452 ± 17 22 + 2 51 ± 5 15 ± 1 72 ± 3 

ANA 403 ± 38+ 24 ± 4 56 + 4 16 ± 2 88 ± 15" 

AA 438 -+ 27 21 -+ 2 52 ± 4 15 ± 2 73  + 4 

ANA 387 -+ 42* 24 ± 4 58 ± 41" 16 ± 2 91 -+ 155 

AA 446 ± 14 21 -+ 3 50 + 4  14 ± 1 72  + 4 

ANA 383 ± 40I" 24 +- 4 57 ± 5* 15 + 2 92 ± 135 

70 AA 440 ± 25 21 ± 2 51 -+ 4 14 ± 1 72 -+ 5 

ANA 359 ± 481- 25 ± 4* 58 ± 6* 16 +- 3 96 ± 135 

Figures represent  the mean ± SD for eight AA or seven ANA rats (F22 generation). 
*p<0.05,  l -p<0.01,  Sp<0.001,  for differences from AA rats. 

c h a n g e d  a c c o r d i n g  t o  t h e  s ize  o f  t h e  a n i m a l .  T h e  r a t s  we re  
le f t  to  c a l m  d o w n  fo r  a p e r i o d  o f  30  m i n  in  t h e  cage  a f t e r  
p l a c e m e n t  o f  t h e  n e e d l e  e l e c t r o d e s  a n d  b e f o r e  t h e  c o n t r o l  
c u r v e s  were  r e c o r d e d .  D u r i n g  t h e  t e s t  t h e  a n i m a l s  we re  
m o m e n t a r i l y  r e m o v e d  f r o m  t h e  cage  to  r ece ive  e t h a n o l  via  a 
s t o m a c h  t u b e .  

W h e n  F 22 r a t s  w e re  t e s t e d  o n l y  2 .7  g / k g  o f  e t h a n o l  as a 
3 .3  M s o l u t i o n  in t a p  w a t e r  was  g iven ,  a n d  s e v e n  e l ec t ro -  
c a r d i o g r a m s  o f  a p e r i o d  o f  1 r a in  e a c h  r e c o r d e d  at  a p a p e r  
s p e e d  o f  100  m m / s e c  we re  t a k e n  eve ry  10 m i n  t h e r e a f t e r .  
A c c o r d i n g i y  we o b t a i n e d  o n e  c o n t r o l  cu rve  a n d  s e v e n  
o t h e r s  r e p r e s e n t i n g  t h e  i n t o x i c a t i o n  p e r i o d  fo r  f u r t h e r  
ana lys i s .  We m e a s u r e d  t h e  d u r a t i o n  o f  P wave ,  P R  in t e rva l ,  
Q R S  c o m p l e x  a n d  Q T  i n t e r v a l  o n l y  f r o m  lead  2 s ince  in  ra t  
e l e c t r o c a r d i o g r a m s  t h e  i n d i v i d u a l  w a v e s  are  be s t  s e e n  t h e r e  

[ 1 3 1 .  
In  t e s t i n g  F 25 a n i m a l s ,  we  f i rs t  gave ,  via  s t o m a c h  t u b e ,  a 

s ingle  d o s e  o f  e i t h e r  2 .7  g / k g  o f  e t h a n o l  as a 2 M s o l u t i o n  o r  
5 .4  g / k g  as a 4 M s o l u t i o n  in  t a p  w a t e r .  T w o  w e e k s  
t h e r e a f t e r  t h e  s a m e  a n i m a l s  we re  t e s t e d  w i t h  13 .5  g / k g  o f  
e t h a n o l  as a 4 M s o l u t i o n  in t a p  w a t e r .  E l e c t r o c a r d i o g r a m s  

were  t a k e n  b e f o r e  a n d  1 /2 ,  1 a n d  2 h r  a f t e r  e t h a n o l  
a d m i n i s t r a t i o n ,  a n d  c a r d i a c  f u n c t i o n  ( l ead  2 )  was  
m o n i t o r e d  f o r  a p e r i o d  o f  s eve ra l  h o u r s .  T h r e e  A N A  ra t s  
su rv ived  t h e  13 .5  g e t h a n o l / k g  d o s e ;  t h e  o t h e r  13 r a t s  d i ed  
w i t h i n  4 h r  o f  i t s  a d m i n i s t r a t i o n .  T h e r e  was  n o  s i g n i f i c a n t  
d i f f e r e n c e  o f  m o r t a l i t y  b e t w e e n  t h e  s t r a i n s .  

Analytical Methods 

F o r  d e t e r m i n a t i o n  o f  b l o o d  g l u c o s e  a n d  e t h a n o l  c o n -  
c e n t r a t i o n s  s a m p l e s  were  d r a w n  f r o m  t h e  t ip  o f  t h e  ta i l  i n t o  
t u b e s  c o n t a i n i n g  i ce -co ld  p e r c h l o r i c  ac id  a n d  t h e  p r o t e i n  
p r e c i p i t a t e s  were  c e n t r i f u g e d  d o w n .  T h e  de t a i l s  o f  t h e  
m e t h o d s  are  d e s c r i b e d  e l s e w h e r e  [ 1 4 , 3 2 ] .  G l u c o s e  was  
d e t e r m i n e d  o n l y  w h e n  2 .7  g / k g  o f  e t h a n o l  was  g iven .  

Statistical Evaluation 

Sta t i s t i c a l  c o m p a r i s o n s  were  m a d e  u s i n g  S t u d e n t ' s  t t e s t  
i f  n o t  o t h e r w i s e  s t a t e d .  D a t a  we re  c o n s i d e r e d  s i g n i f i c a n t  if  
t h e  P va lue  was  less  t h a n  0 . 0 5 .  
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FIG. l. Effect of ethanol on heart rate of AA (o o) and ANA 
(o o) rats. 2.7 g/kg of ethanol as a 3.3 M solution was given 

peroraUy to 5 months old F 22 animals (see also Table 1). 

RESULTS 

Peroral administration of 2.7 g/kg of  ethanol as a 3.3 M 
solution increased the mean heart rate of the eight AA rats 
of the F 22 generation. Tachycardia was also observed in the 
seven ANA rats but in these animals it rapidly disappeared 
(Fig. 1). A two-way analysis of variance with repeated 
measures of one factor proved that the heart rate curves 
(Fig. 1) had significantly (F = 3.62, p<0.01) different 
directions and the AA rats had significantly (F = 10.67, 
p<0.01) higher heart rates than the ANA ones. Hence the 
ethanol-induced tachycardia was greater and lasted for a 
longer period in the AA rats than in the ANA ones. This 
strain difference in cardiac function provoked by acute 
ethanol was not due to different blood ethanol levels (24 
mmol/1 in both groups 75 min after administration). 
Neither was it due to previous ethanol consumption of the 
AA rats, as was later observed when rats of the F 2 s 
generation that were never given a free choice between 
ethanol and water were tested. 

Since intubation is considered a stressful event for rats 
[4] we gave corresponding volumes of pure tap water via 
stomach tube to the same animals to determine the effect 
of the procedure itself. The increase in heart rate proved to 
be slight and insignificant and did not last for more than 10 
min. No significant difference could be observed between 
the rats of the two strains. 

In the present study ethanol produced cardiac ar- 
rhythmias only twice. In one ANA rat a few ectopic 
systoles were observed about 30 min after administration of  
2.7 g/kg of ethanol. One AA rat developed ventricular 
tachycardia shortly after receiving the large dose of  ethanol 
(13.5 g/kg), but the condition lasted only a few seconds 
and was followed by ectopic systoles for half an hour. 

The data from the successive electrocardiograms are 
collected in Table 1. Changes in the durations of the P wave 
(activation of artrial muscle fibers) and the QRS complex 
(activation of  ventricular muscle fibers) after acute ethanol 
were insignificant in both groups of rats. Before receiving 
ethanol, rats of the ANA strain had significantly longer QT 

intervals than rats of the AA strain, suggesting a slower 
repolarization of ventricular fibers. In both strains adminis- 
tration of ethanol significantly (p<0.05) shortened the 
duration of the QT interval within 10 min. The effect was 
due to the ethanol-induced tachycardia. When the tachy- 
cardia disappeared in rats of the ANA strain their QT 
intervals increased back to the initial level. A statistically 
significant difference between the two strains in the 
duration of the QT interval could be observed during the 
whole follow-up, except at 10 min when the difference was 
only nearly significant. 

The duration of the PR interval, which reflects con- 
duction from sinoatrial node to ventricular muscle, was 
slightly but insignificantly shortened by the ethanol- 
induced tachycardia in animals of  both strains. This effect 
was to be expected since it is generally known that the 
durations of  the PR interval and the QRS complex tend to 
decrease with rapid heart rate. At 50, 60 and 70 min after 
2.7 g/kg of  3.3 M ethanol the duration of the PR interval 
became significantly longer in the ANA rats than in the AA 
ones. At first we believed that this difference only reflected 
that of  heart rate, but further experiments suggested that 
there exists a strain difference in intracardiac conduction as 
well. 

The rats were tested with a 2 M ethanol solution (2.7 
g/kg) because it is known to lead to higher blood ethanol 
levels [31]. When given to the ANA rats of  the F25 
generation it produced a slight but insignificant increase in 
the duration of the PR interval (Table 2). Blood glucose 
and ethanol concentrations were not significantly different 
in the two strains of rats but a difference in the degree of 
ethanol-induced tachycardia was again present. 

The experiments continued with rats belonging to the 
same generation but this time the dose of ethanol and the 
concentration of  the solution were doubled (Table 3). The 
initial ethanol-induced increase in heart rate lasted for a 
shorter period in this experiment, as was also seen when 
13.5 g/kg of ethanol was given. However, the PR interval 
again tended to be longer in the electrocardiograms of ANA 
than of AA rats. 

From Table 4 we can see that the heart rate of  ANA rats 
decreased significantly (p<0.05) within 1 hr as the level of 
blood ethanol increased after administration of the large 
dose (13.5 g/kg). A similar effect was not found in AA rats. 
The duration of the PR interval was already significantly 
(p<0.05) prolonged within half an hour in both group of 
rats but the effect was greater in ANA ones. No correlation 
was found between the heart rate and the PR interval in 
rats of the AA strain. On the other hand, the longer the PR 
interval the slower was the heart rate (r = -0 .63 ,  p<0.01) 
in rats of the ANA strain. 

DISCUSSION 

The normal basal heart rate of the adult albino rat has 
been reported to be just over 300 beats/min [2]. The values 
obtained in the present study were substantially higher. The 
variation in heart rates in rats belonging to the two 
generations was probably due to the age difference since 
slower rates were registered for older rats. 

Nakano and Prancan [24] have proved with anesthetized 
dogs that intravenous infusion of ethanol increases the 
heart rate. The tachycardia, which most likely is due to the 
increased ,release of catecholamines from the sympathetic 
nerve endings and adrenal medullas, is dose-dependent 
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TABLE 2 

CHANGES IN BLOOD ETHANOL AND GLUCOSE CONCENTRATIONS, HEART RATE AND PR INTERVAL IN AA AND ANA 
RATS AFTER PERORAL ADMINISTRATION OF 2.7 g/kg OF ETHANOL AS A 2 M SOLUTION 

Time in Hours after Ethanol 

Strain 0 1/2 1 2 

Blood ethanol AA - 42 ± 2 49 ± 5 47 +- 7 

(mmol/l) ANA - 45 ± 7 51 ± 5 49 ± 5 

Blood glucose AA 6.1 +- 1.0 7.6 ± 1.0 8.5 +- 0.9 7.7 -+ 1.1 

(mmol/1) ANA 6.4 -+ 0.2 8.3 +- 1.0 8.3 -+ 1.0 8.3 -+ 1.5 

Heart rate AA 337 +-- 26 478 -+ 18 428 -+ 23 448 -+ 30 

(beats/min) ANA 333 ± 13 428 ± 121- 397 ± 32 395 ± 7* 

PRinterval AA 50 ± 2 51 -+ 3 51 ± 3 51 ± 3 

(msec) ANA 51 ± 9 58 -+ 7 58 ± 7 55 ± 8 

Figures represent the mean +- SD of four animals (F25 generation). *p<0.05, 1"P<0.01, for differences from AA rats. 

TABLE 3 

CHANGES IN HEART RATE AND PR INTERVAL IN AA AND ANA RATS AFTER PERORAL ADMINISTRATION OF 5.4 g/kg 
OF ETHANOL AS A 4 M SOLUTION 

Time in Hours after Ethanol 

Strain 0 1/2 1 2 

Heart rate AA 328 -+ 11 440 ± 24 410 ± 47 381 ± 42 

(beats/min) ANA 352 -+ 23 374 ± 37* 376 -+ 23 369 -+ 13 

PRinterval AA 50-+ 4 50 ± 4 51-+ 3 53 ± 5 

(msec) ANA 56-+ 5 60 ± 4* 61-+ 3t 64 +- 5* 

Figures represent the mean _+ SD of four animals (F25 generation). *p<0.05, I-P<0.01, for differences from AA rats. 

however.  It is elicitable wi th  small doses of  e thanol ,  bu t  
disappears when  the b lood  e thanol  level reaches abou t  65 
mmol /1 .  Our peroral  adminis t ra t ion  of  various doses of  
e thanol  to  rats gave similar results. However,  the dura t ion  
of  the tachycardia  was longer in A A  rats, p robab ly  
indicating that  the e thanol - induced  sympa the t i c  s t imula t ion  
was somewha t  higher or lasted for  a longer period than  in 
ANA rats. 

Previous repor ts  have indicated that  ace ta ldehyde  
induces heart  palpi ta t ion,  p robably  via release of  catechol-  
amines [15 ,24] ,  but  if very large amoun t s  (0.1 g / l )  are 
given, unconsc iousness  accompanied  by  very marked  
slowing of  the heart  rate may fol low [21] .  Al though a 
higher concen t r a t ion  of  ace ta ldehyde  is found  in the  
per ipheral  b lood  of  ANA rats af ter  a modera t e  dose of  
e thanol  (1.5 g/kg), no real accumula t ion  of  this me tabo l i t e  

has been  observed and the rate of  ox ida t ion  of  e thanol  to  
ace ta ldehyde  is no t  d i f fe rent  in AA and ANA rats [10] .  
Since we did no t  de te rmine  b lood  ace ta ldehyde  con- 
cent ra t ion  in the present  expe r imen t  the relat ionship 
b e t w een  ace ta ldehyde  and the  observed strain di f ference in 
hear t  rate remains unse t t led .  

Minor a r rhy thmias  have been  observed in dogs given 
sublethal  doses of  e thanol  [20] .  However,  acute intra- 
venous adminis t ra t ion  of  e thanol  is considered to  reduce 
the incidence of  cardiac a r rhy thmias  in rats [33] and to 
elevate the ventr icular  fibril lation threshold  in dogs [ 18].  
In the present  s tudy cardiac a r rhy thmias  were rare and 
nei ther  of  the rat strains seemed more  suscept ible  than  the 
o ther  to them.  

The mos t  conspicuous  effect  of  acute e thanol  on cardiac 
func t ion  proved to  be the pro longat ion  of  the PR interval 
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TABLE 4 

CHANGES IN BLOOD ETHANOL CONCENTRATION, HEART RATE AND PR INTERVAL IN AA AND ANA RATS AFTER 
PERORAL ADMINISTRATION OF 13.5 g/kg OF ETHANOL AS A 4 M SOLUTION 

Time in Hours after Ethanol 

Strain 0 1/2 1 2 

Blood ethanol AA - 71 -+ 20 (5) 86 -+ 9 (3) 125 -+ 2 (2) 

(mmol/1) ANA - 57 -+ 18 (5) 86 -+ 10 (5) 118 _+ 18 (5) 

Heart rate AA 333 -+ 19 (8) 342 +- 45 (5) 356 -+ 42 (3) 315 -+ 17 (2) 

(beats/min) ANA 343 -+ 20 (8) 328 -+ 17 (5) 313 -+ 24 (5) 298 _+ 15 (5) 

PRinterval AA 50-+ 6 (8) 60-+ 4 (8) 58-+ 6 (3) 55-+ 7 (2) 

(msec) ANA 55 -+ 5 (8) 75 -+ 6* (5) 78 -+ 8* (5) 82 -+ 8* (5) 

Figures represent the mean _+ SD of as many animals (F25 generation) as indicated within parentheses. 
*p<0.01, for differences from AA rats. 

in ANA rats. This result  indicates  tha t  intracardiac con- 
duc t ion  is more  depressed by  e thanol  in the  e thanol-  
avoiding than  in the  e thanol-preferr ing strain of  rats. The 
present  expe r imen t  does no t  explain whe the r  this is due to  
a direct  e f fec t  o f  e thano l  on the cardiac conduc t ion  system 
or to  some indirect  act ion of  e thanol  or ace ta ldehyde .  

The mechan ism tha t  could explain the observed strain 
d i f ference  in intracardiac conduc t ion  during e thanol  
in tox ica t ion  can only  be speculated upon .  Even in the 
absence of  e thanol  a d i f ference  in the dura t ion  of  re- 
polar iza t ion of  ventr icular  fibers could be observed.  This 
suggests tha t  the hear ts  o f  the two  rat strains dif fered f rom 
each o the r  also in o the r  respects.  Most p robab ly  the  
pro longa t ion  of  intracardiac c o n d u c t i o n  in A N A  rats by  
e thanol  was due to its direct  e f fec t  on the heart ,  bu t  the  
sedative ef fec t  of  e thanol  on the central  nervous system 

must  also be taken in to  cons idera t ion  since the nervous  
system and the  hear t  are funct ional ly  in t e rdependen t .  This 
and previous exper imen t s  [24] indicate tha t  e thanol  at low 
doses is a cardiac s t imulant  and at high doses a depressant .  
The ef fec t  of  e thanol  on the central  nervous system 
cor responds  exactly.  

Alexander  [1] has stressed the connec t ion  be tween  
genet ic  cons t i tu t ion  and cardiac react ions to  ethanol .  The 
present  results suppor t  the exis tence of  such a connec t ion  
bu t  should no t  be in te rpre ted  to mean  that  a causal 
relat ionship exists be tween  the cardiac depressant  e f fec t  
and the voluntary  c o n s u m p t i o n  of  e thanol .  

ACKNOWLEDGEMENT 

We thank Mrs. Pirkko Johansson for skillful technical assistance. 

REFERENCES 

1. Alexander, C. S. Alcohol and the heart. Ann. intern Med. 67: 9. Eriksson, C. J. P. Ethanol and acetaldehyde metabolism in rat 
670-674, 1967. 

2. Altman, P. L. and D. S. Dittmer. Biology Data Book. 
Washington, DC: Federation American Societies Experimental 
Biology, 1964. 

3. Arvola, A. and O. Forsander. Comparison between water and 
alcohol consumption in six animal species in free-choice 
experiments. Nature, Lond. 191: 819-820, 1961. 

4. Czaja, C. and H. Kalant. The effect of acute alcoholic 
intoxication on adrenal ascorbic acid and cholesterol in the rat. 
Can. J. Biochem Physiol. 39: 327-334, 1961. 

5. Eriksson, K. Genetic selection for voluntary alcohol con- 
sumption in the albino rat. Science 159: 739-741, 1968. 

6. Eriksson, K. Factors affecting voluntary alcohol consumption 
in the albino rat. Ann. Zool. fenn. 6: 227-265, 1969. 

7. Eriksson, K. Rat strains specially selected for their voluntary 
alcohol consumption. Ann. Med. exp. Biol. Fenn. 49: 67-72,  
1971. 

8. Eriksson, K. Behavioral and physiological differences among 
rat strains specially selected for their alcohol consumption. 
Ann. N. Y. Acad. ScL 197: 32-41,  1972. 

strains genetically selected for their ethanol preference. 
Biochem. Pharmac. 22: 2283-2292, 1973. 

10. Forsander, O. A. and C. J. P. Eriksson. Metabolic charac- 
teristics of rat strains consuming different amounts of alcohol. 
lnt. Symp. Biol. Aspects o f  Alcohol Consumption, Helsinki 
1971. Finn. Found. Alc. Stud. 20: 43-49,  1972. 

11. Goldbort, R., C. W. Schneider and R. A. Hartline. Butanediols: 
selection, open field activity, and NAD reduction by liver 
extracts in inbred mouse strains. Pharmac. Biochem. Behav. 5: 
263-268, 1976. 

12. Goodkind, M. J., N. H. Gerber, Jr., J. R. Mellen and J. B. 
Kostis. Altered intracardiac conduction after acute adminis- 
tration of ethanol in the dog. J. Pharmac. exp. Ther. 194: 
633-638, 1975. 

13. Hill, R., A. N. Howard and G. A. Greshman. The electro- 
cardiographic appearance of myocardial infarction in the rat. 
Br. J. exp. Path. 41: 633-637, 1960. 

14. Hillbom, M. E. Thyroid state and voluntary alcohol con- 
sumption of albino rats. Acta pharrnac, tox. 29: 95-105, 
1971. 



614 HILLBOM AND VON BOGUSLAWSKY 

15. Ijiri, I. Studies on the relationship between the concentrations 
of blood acetaldehyde and urinary catecholamine and the 
symptoms after drinking alcohol. Jap. J. Stud. Alc. 9: 35-59,  
1974. 

16. Kakihana, R. Adrenocortical function in mice selectively bred 
for different sensitivity to ethanol. Life. Sci. 18: 1131-1138, 
1976. 

17. Kakihana, R., D. R. Brown, G. E. McClearn and I. R. 
Tabershaw. Brain sensitivity to alcohol in inbred mouse strains. 
Science 154: 1574-1575, 1966. 

18. Kostis, J. B., E. Horstmann, E. Mavrogeorgis, A. Radzius, Jr. 
and M. J. Goodkind. Effect of alcohol on the ventricular 
fibrillation threshold in dogs. Q. Jl. Stud. Alc. 34: 1315-1322, 
1973. 

19. Lin, D. C. Brain and blood levels of ethanol and acetaldehyde 
in strains of mice with different preferences for ethanol. Res. 
Communs chem. Path. Pharmac. 11: 365-371, 1975. 

20. Loomis, T. A. The effect of alcohol on myocardial and 
respiratory function. Q. Jl Stud. Alc. 13: 561-570, 1952. 

21. MacLeod, L. D. Acetaldehyde in relation to intoxication by 
ethyl alcohol. Q. Jl Stud. Alc. 11 : 385 -390,  1950. 

22. Mardones, J. Experimentally induced changes in the free 
selection of ethanol. Int. Rev. Neurobiol. 2: 41-76,  1960. 

23. McClearn, G. E. and D. A. Rodgers. Differences in alcohol 
preference among inbred strains of mice. Q. Jl Stud. Alc. 20: 
691-695, 1959. 

24. Nakano, J. and A. V. Prancan. Effects of adrenergic blockade 
on cardiovascular responses to ethanol and acetaldehyde. 
Archs. int. Pharmacodyn. ThOr. 196: 259-268, 1972. 

25. Randall, C. L., J. A. Carpenter, D. Lester and H. J. Friedman. 
Ethanol-induced mouse strain differences in locomotor 
activity. Pharmac. Biochem. Behav. 3: 533-535, 1975. 

26. Randall, C. L. and D. Lester. Differential effects of ethanol and 
pentobarbital on sleep time in C57BL and BALB mice. J. 
Pharmac. exp. Ther. 188: 27-33,  1974. 

27. Rusi, M., K. Eriksson and J. M~iki. Genetic differences in the 
susceptibility to acute ethanol intoxication in selected rat 
strains. In: Alcohol Intoxication and Withdrawal: Ex- 
perimental Studies, III, Advances in Experimental Medicine 
and Biology, Vol. 85A, edited by M. M, Gross. New York: 
Plenum Press, 1977, pp. 97-108. 

28. Schneider, C. W., S. K. Evans, M. B. Chenoweth and F. L. 
Beman. Ethanol preference and behavioral tolerance in mice: 
biochemical and neurophysiological mechanisms. J. comp. 
physiol. PsychoL 82: 466-474, 1973. 

29. Schneider, C. W., P. Trzil and R. D'Andrea. Neural tolerance in 
high and low ethanol selecting mouse strains. Pharmac. 
Biochem. Behav. 2: 549-552, 1974. 

30. Sheppard, J. R., P. Albersheim and G. McClearn. Aldehyde 
dehydrogenase and ethanol preference in mice. J. biol. Chem. 
245: 2876-2882, 1970. 

31. Strubelt, O., C.-P. Siegers and H. Breining. Die akute hepato- 
toxische Wirkung unterschiedlich konzentrierter Alkohol- 
liSsungen bei oraler und intraperitonealer Applikation. Arch. 
Tox. 29: 129-141, 1972. 

32. Werner, W., H.-G. Rey and H. Wielinger. tJber die Eigen- 
s cha f t en  eines  neuen  Chromogens  far die Blut- 
zuckerbestimmung nach der GOT/POD-Methode. Z ~analyt. 
Chem. 252: 224-228, 1970. 

33. White, D. C. and N. W. NoweU. The effect of alcohol on the 
cardiac arrest temperature in hypothermic rats. Clin. Sci. 28: 
395-399, 1965. 


